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Abstract

This study proposes a new simulation platform named Simulation Integrated Management (SIM) for the analysis of parallel and dis-
tributed systems. The platform eases the process of designing and testing both applications and architectures. The main characteristics of
SIM are flexibility, scalability, and expandability. To improve the efficiency of project development, new models of early-warning satellite
system were designed based on the SIM platform. Finally, through a series of experiments, the correctness of SIM platform and the
aforementioned early-warning satellite models was validated, and the systematical analyses for the orbital determination precision of
the ballistic missile during its entire flight process were presented, as well as the deviation of the launch/landing point. Furthermore,
the causes of deviation and prevention methods will be fully explained. The simulation platform and the models will lay the foundations
for further validations of autonomy technology in space attack-defense architecture research.
� 2017 COSPAR. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Under the condition of modern warfare technology, bal-
listic missiles have become important weapons that are
researched and developed by several countries (Simon
and Dan, 2012). In addition, ballistic missile defense sys-
tems (BMDS) continue to become more advanced. BMDS
are used to detect, intercept, and destroy enemy ballistic
missile warheads with loss of offensive capability. BMDS
primarily consist of a missile tracking system, a missile
defense system, and a command and control system
(Garrett et al., 2011). Weaponry and the control capability
of BMDS are becoming increasingly powerful.

Space-based early-warning systems play an important
role in BMDS, and present several advantages compared

with ground-, sea-, and air-based early-warning systems
(Yan, 2004). They are not restricted by national boundaries
and geographical conditions, and have a wider detection
range. Moreover, they have the ability to perform all-
weather monitoring at key regions, with more powerful
detection and coverage (Huang et al., 2010). It is difficult
to be interfered with or attacked when operating in space.
Owing to these advantages, space-based early-warning sys-
tems are attracting increasing attention.

Early-warning satellite systems include the geosyn-
chronous orbit /highly elliptical orbit (GEO/HEO) satellite
constellation and the low Earth orbit (LEO) constellation
in function (Canan, 2011). The GEO/HEO satellite con-
stellation receives an infrared radiation signal from the tar-
get via an infrared detector to realize target tracking at the
boost phase. In the detection process, it provides orbital
prediction information for the BMDS. Then, the LEO
satellite constellation mainly works at target free-flight
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phase. In this study, the early-warning satellite system
refers to the GEO/HEO satellite constellation.

Contemporary research on early-warning satellite sys-
tems has been focused on the following aspects: (1) the
tracking algorithm, which is mainly related to single/multi-
ple target tracking and to the enhancement of the tracking
accuracy (Buontempo, 2015; Li and Jilkov, 2010); (2) the
optimal design of the constellation configuration, mainly
for the improvement of the ground or space coverage
power (Fakoor et al., 2016); (3) the scheduling method of
satellites, mainly in view of routine missions and unex-
pected missions, the planning and the scheduling method
of satellite-borne sensors (Luo, 2015). Most contemporary
research works are limited to specific parts, and the litera-
ture lacks studies on the simulation of the entire system and
the relevance among subsystems. In order to fill the
research gaps in this domain, in this work, we attempt to
study the characteristics of an early-warning satellite sys-
tem through the use of the SIM platform, which is an inde-
pendent research and development. Here, we will lay the
foundations for real-system and follow-up development.

The early-warning satellite system simulation is an inde-
pendent and complicated mission. It is necessary to verify
the reliability and the security of the mission through the
technology of distributed simulation (Cheng et al., 2017).
Several countries or space agencies have invested more time
and resources in the building of suitable simulation plat-
forms in the related domain (Cai et al., 2007). These plat-
forms play a highly important role in the ground tests.

Some of these simulators are focused on simulating. In
addition, the entire system provides functional execution
of unmodified commercial operating systems and applica-
tions such as COTSon (Argollo et al., 2009), which is a sim-
ulator framework jointly developed by HP Labs and AMD
that provides accurate evaluations of current and future
computing; M5 (Binkert et al., 2006), which supports the
execution of the entire system—including the operating
system code—as well as models of network and disk
devices; Simics (Magnusson et al., 2002), which is another
full-system simulator that was one of the first academic
projects in this area and the first commercial full-system
simulator These simulators are referred to as full-system
simulators. The main advantage of these simulators is the
high level of accuracy obtained, whereas their main draw-
back is their performance, which in most cases, is five or
six orders of magnitude slower than that of a real system.

Moreover, there are approaches that do not focus on
modeling and simulating the system with a high level of
detail instead on balancing the level of detail to model
the system with the performance and accuracy obtained.
For instance, Phantom (Zhai et al., 2010) proposes a novel
approach for the accurate and efficient prediction of the
sequential computation time by integrating a
computation-time acquisition approach with a trace-
driven network simulator. dPerf (Cornea and Bourgeois,
2012) is a tool that uses Rose (Liao et al., 2009) for

performing static analysis of the input source code of pro-
grams written in C, C++, or Fortran.

Owing to the high number of domains in the field of dis-
tributed systems, developing a universal simulator is
impractical and unfeasible. Naturally, all researchers set
their own objectives and requirements; therefore, each sim-
ulator is developed for a specific purpose (Nunez et al.,
2012). Several existing simulators do not fulfill the require-
ments of the researcher. As a result, researchers have to
modify an existing simulator, or code a new one. However,
coding a simulator anew is a very complex and difficult
task. Typically, researchers use simulation frameworks to
build a specific simulator (Chaudron et al., 2014).

In this work, we propose a new simulation platform,
named SIM, which is oriented toward analyzing and study-
ing parallel applications on distributed systems of the
aerospace domain (in the present study, application to an
early-warning satellite system). SIM was designed to pro-
vide flexibility, accuracy, performance, and scalability.
These features make it a powerful simulation platform
for designing, testing, and analyzing both actual and
non-existent architectures. Simulation systems range from
a single computing node to a complete high-performance
distributed system. In fact, this simulation platform has
been applied to numerical simulations by the China
Manned Space Engineering Office (Zhou, 2011).

The remainder of the present study is structured as fol-
lows. In Section 2, certain requirements regarding the
application and the simulator will be presented. In Sec-
tion 3, the SIM simulation platform will be presented,
along with its features and architecture, operation process,
and model-driven architecture. In Section 4, the transfor-
mation method of an early-warning satellite system will
be introduced, from the mathematical model to the simula-
tion module that is suitable for SIM. In Section 5, the prac-
tical implementation will be presented. In Section 6, the
experimental results and the analysis will be presented.
Finally, in Section 7, conclusions and future works will
be discussed.

2. Requirements

The realization of the early-warning satellite system sets
higher requirements from the project system, such as higher
precision of the satellite orbital prediction, more powerful
satellite-borne sensor detection, shorter response period
of the orbital determination system, and higher precision
of key-point estimation (Zhang et al., 2016). Aspects of
the entire project that need to be verified are presented
below.

(1) Full mission profile verification:

Verification of the validity and the rationality among
sub-systems and sub-phases of the entire mission.
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