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Preface

On behalf of the Organizing Committee I welcome all the delegates to the
International Conference on Mechatronics and Intelligent Robotics (ICMIR2017)
held at Kunming, China, during May 20–21, 2017. This annual conference is being
organized each year by Interscience Research Network, an international profes-
sional body, in association with International Journal of Computational Vision and
Robotics and International Journal of Simulation and Process Modelling, published
by Inderscience Publishing House. I must welcome this year’s General Chair Prof.
Feng Qiao, Shenyang JianZhu University, Shenyang, China, for his generous
contribution to ICMIR-2017. He has also contributed an issue of his journal
International Journal of Simulation and Process Modelling to the selected papers
of the conference.

Like every edition, this edition of ICMIR2017 was academically very rich and
we had three eminent professors as keynote speakers namely Prof. John Wang,
Dept. of Information Management & Business Analytics, School of Business
Montclair State University, USA, Prof. Kevin Deng, Distinguished Professor and
Executive Director of Automotive Research Institute, Jilin University, and
Dr. Nilanjan Dey, Department of Information Technology, Techno India College of
Technology, Kolkata, India.

There has been a rapid developments during last five years in various directions
such as: robotic-assisted manufacturing; advanced mechanisms and robotics; sys-
tems modelling and analysis; instrumentation and device control; automation sys-
tems; intelligent sensing and control; medical robotics; and autonomous and
complex systems. New technologies are constantly emerging, which are enabling
applications in various domains and services. Intelligent Mechatronics and Robotics
is no longer a functional area within the department of mechanical or electronics,
but is an integral part of the manufacturing function of any organization. In the
recent time, Intelligent Mechatronics and Robotics is probably the single most
important facilitator of the manufacturing process. The result of research in this
domain is now influencing the process of globalization, particularly in the
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productive, manufacturing and commercial spheres. Creating economic opportu-
nities and contributing to monotony reduction is another thrust area for the
emerging epoch of Intelligent Mechatronics and Robotics.

This edition of ICIMR covered the following areas but not limited to intelligent
mechatronics, robotics and biomimetics, novel and unconventional mechatronic
systems, modelling and control of mechatronics systems, elements, structures,
mechanisms of micro- and nano-systems, sensors, wireless sensor networks and
multi-sensor data fusion, biomedical and rehabilitation engineering, prosthetics and
artificial organs, AI, neural networks and fuzzy logic in mechatronics and robotics,
industrial automation, process control and networked control systems, telerobotics,
human–computer interaction, human–robot interaction, artificial intelligence,
bio-inspired robotics, control algorithms and control systems, design theories and
principles, evolutional robotics, field robotics, force sensors, accelerometers, and
other measuring devices, healthcare robotics, human–robot interaction, kinematics
and dynamics analysis, manufacturing robotics, mathematical and computational
methodologies in robotics, medical robotics, parallel robots and manipulators,
robotic cognition and emotion, robotic perception and decision, sensor integration,
fusion, and perception. This volume covers various articles covering the recent
developments in the area of Intelligent Mechatronics and Robotics categorized into
seven (7) tracks, such as:

1. Intelligent Systems
2. Intelligent Sensor & Actuator
3. Robotics
4. Mechatronics
5. Modelling & Simulation
6. Automation & Control and
7. Robot Vision

Srikanta Patnaik
Programme Chair: ICMIR-2017
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Research on the Application of Beidou System in Aviation
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Abstract. This paper introduced the structure of the Beidou navigation and
positioning system, analyzed the Beidou positioning solution principle, elabo‐
rated the application of Beidou system in aviation ammunition support command,
could improve the efficiency of aviation ammunition support, and visual posi‐
tioning of various support materials in the process of aviation ammunition
support.

Keywords: Beidou system · Aviation ammunition · Support command

1 Introduction

In the processing of research of aviation ammunition visualization based on Beidou
satellite, used positioning function of Beidou satellite to achieve precise positioning of
the personnel, vehicles, ammunition [1, 2], and used the real-time transmission of posi‐
tioning information to achieve the communication function of its command prompt
feedback timely and ensure the implementation of present situation.

2 Beidou Navigation and Positioning System Structure

Beidou Satellite navigation and positioning system is an all-weather, all day long, high
precision, regional satellite navigation and positioning system, can achieve 3 functions,
including fast positioning, two-way short message communication, the two last func‐
tions are which global positioning system (GPS) couldn’t provide, and the positioning
accuracy in the areas of our country and the positioning accuracy of GPS, covering all
areas of China and the surrounding area. The whole system consists of two geostationary
satellites (respectively in the 80 o east longitude and 140o east longitude, 36000 km
above the equator), the central control system, calibration system and user machine is
composed of 4 parts, each part of the outbound link (i.e., the center of the ground to
satellite to user link) and inbound links (i.e. the user machine to the satellite link is
connected to the central station). As shown in Fig. 1.
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Satellite1 Satellite2

User Standard Station Central Station
Data Processing Center

(Beidou Operation Service System)

Fig. 1. Beidou navigation and positioning system structure

3 Beidou Positioning Principle

The central station at a specific frequency signal with a continuous wave emission of
super frame, divided the frame structure of the pseudo code spread spectrum, the signal
by two geostationary satellites to their respective antennas covering all user broadcast
regions. When the user needs to position/communication service, location specific
process is: first by the center signal, respectively by the two satellite reflection to the
user terminal receiving part, and then reflected back by the user terminal two satellites
were back to the central station, the central station is calculated in two ways the time
required for T1, T2, and after calculation, you can measure the user to two satellite
distance R1, R2, complete the positioning (as shown in Fig. 2).

Beidou 1 Beidou 2

User Center Station

r1
r2R1

R2

Fig. 2. Beidou positioning principle

The calculation formula is as follows:

c × T1 = 2(r1 + R1) (1)

c × T2 = 2(r2 + R2) (2)

In the formula (1) and (2), R1, R2 is known, T1, T2 is the light passes through two
different outbound links in the link station added time, C is the speed of light, leaving
two unknown r1, r2, the two equation solution. The location for geographic coordinate
calculation of the user, because the two satellite locations are known, respectively two
and two of the center of the sphere, spherical radius of r13, r2, the other is the spherical
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earth ellipsoid basic parameters have been determined (in the center station store digital
ground height data), the intersection point of three balls for the user position measure‐
ment (due to the two center in the equatorial plane of the earth, so the earth reference
ellipsoid is two, the intersection point of one point in the northern hemisphere, as the
position of the user, another point is in the southern hemisphere).

Positioning by the user terminal sends a request to the central station, the central
station to locate its position information broadcast will get by the user, you can also take
the initiative to locate the user specified by the central station, located after the location
information will be sent to the user, and stored by the central station. The location infor‐
mation of the user is placed in the data section of a frame of the outbound signal and
transmitted to the user via satellite 1 or satellite 2. The application of communication,
the communication contents in the same way to the user. The first frame in each period
data segment send standard time (day, ground station, signal and time correction data)
and the position of the satellite information, the user receives the signal is compared
with the local clock, and calculate the user’s local clock and standard time signal of the
difference, and then adjust the local clock with the standard time alignment (one-way
timing); or comparing the results through inbound links via satellite to the ground by
the forwarding center, the center of the ground accurately calculate the difference
between the local clock and standard time, and then through the outbound signal via
satellite or satellite 1 2 forwarded to the user, the user at this time to adjust the local
clock and standard time signal align (two-way timing).

Signal frequency in the vicinity of the L band, the band of radio signals by the
atmosphere, rain, fog, the impact is very small, so the positioning and communication
process is very reliable, especially suitable for all-weather protection.

Different from the GPS system, the calculation of all user terminal positions is done
in the ground control center. Therefore, the control center can retain all the Beidou
terminal user location and time information. At the same time, the ground control center
station is responsible for monitoring and management of the entire system.

The calibration station has a total of 20, to ensure the positioning accuracy, it is
known as the point position compared with the actual measured position, the difference
value were adjusted for position measurement data near the user’s location, and the
calculation process are completed in the ground station control center, is transparent to
the user.

The user terminal is a device which is directly used by the user to receive the ranging
signal transmitted by the satellite to the ground station. According to the different tasks,
the user terminal is divided into the positioning communication terminal, the group user
management terminal, the differential terminal, the terminal, etc.

4 Beidou System Application Solution

The general application of Beidou system by the Beidou terminal (including Beidou
mobile command user machine and common user machine, Beidou Beidou) service
center system composed of four Beidou navigation positioning satellite Beidou satellite
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navigation system, the ground control center. Beidou satellite navigation system for real-
time access to the user access, and the use of the Beidou satellite communication func‐
tions for positioning information and other resources to ensure real-time transmission
of information. All Beidou users are subject to the Beidou satellite navigation system
ground control center station management, as shown in Fig. 3.

Ground
Control Center 

Station

Beidou Operation
Service Center System

Support Command Center

Support
Command 

Basic
Support Unit

Equipment 
Support

Resources

Beidou 1 Beidou 2

Fig. 3. Beidou system application solution

The service center system is designed for the security command center set up, user
location information and short message by Beidou satellite transmitted to the ground
station, and real-time push to Beidou service center, security command center through
DDN, VSAT, etc. a variety of ways to access the Beidou dial-up service center, Beidou
operation the service center sends information to security command center, security
command center to realize the monitoring and management of its affiliated users.

There are two kinds of system structure modes of the Beidou missile ammunition
support command system:

4.1 Security Command Center + Beidou User Machine (Including the Beidou
Mobile Command Users and Beidou Basic User Machine)

The application mode of command system in large scale, through the ground command
automation network center, interconnected to the service center to complete the Beidou
mobile target monitoring and management of large-scale cross regional command and
dispatch.

4.2 Mobile Command User + Beidou Basic User

Because of the limited communication capacity constraints, commanding user command
capacity, this application mode is suitable for a small group of users, couldn’t transmit
through the terrestrial network, a communication device command type subscriber
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machine as the command and dispatch center use and rapid construction of practical
management system.
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Abstract. This paper analyzed the current situation of American Air Force
ammunition support technology, introduced the application plans of American
GPS, and the RFID technology in military ammunition transport application plans
in detail, with reference to the construction of our military aviation ammunition
support system.
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1 Introduction

In order to adapt to the characteristics of modern warfare, to achieve the rapid tracking
of the rapid process of aviation ammunition support, the U.S. department of defense
used the visual technology as an important issue of Aviation Ammunition command. In
this paper, the technology of aviation ammunition support was analyzed, which provided
the reference for the application of aviation ammunition support technology.

2 The Present Situation of American Aviation Ammunition
Support Technology

Currently the U.S. military is speeding up the development and equipment of the whole
material visual system (TAV: Total Asset Visibility) and in the transport of materials
visible (IAV: Intransit Asset Visibility) system [1, 2]. The former can be sent to the
factory to the front from the rear of a foxhole material tracking, including the location,
status of materials and equipment and carrier. The latter will use radio frequency appa‐
ratus, search apparatus and satellite network computer system, material database, track
transportation supplies. These two systems will greatly improve the speed, accuracy and
economy of the U.S. According to the U.S. Department of defense report, the U.S.
military has built four sub systems: the Army (Army Total Asset Visibility visual mate‐
rials); Navy materials (Navy Total Asset visual Visibility); air supplies (Air Force Total
Asset visual Visibility); the Marines (Marine Corps Total visual material Asset Visibility
[3]). “The whole material visual system enables the commander to timely and accurately
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understand the location, quantity, status, trend and status of the materials of the Depart‐
ment of defense, and control the information”. “For ammunition storage, processing,
transportation and demand information have accurate knowledge”, “rapidly reduce the
processing time distribution, the main benefits include the storage of material list and
receipt, and because of the material tracking and less demand list”. U.S. military plans
to build a joint asset visualization management system based on RFID technology in
2030.

Because the Americans use such as RFID technology and advanced automatic iden‐
tification technology in ammunition supply chain, through the RFID card reader, etc.,
the data can be easily and quickly entered into a shared information system. At the same
time, it uses cellular communication, satellite communication, GPS positioning and
other wireless tracking methods. Figure 1 is the American global tracking network based
on RFID technology, satellite positioning technology, satellite communications tech‐
nology. Built by the U.S. Savi-Technology for the department of defense, the world’s
largest real-time tracking system, able to track about 250000 pieces of moving objects
from toilet paper to ammunition. In more than 480 locations in 40 countries have built
automatic identification device with radio frequency identification as the main body,
such as by satellite, military communication network connected, as long as users have
access permissions, you can have the exclusive right to conduct real time management
of goods and materials.

Fig. 1. The American global tracking network

Aviation ammunition support process started from the defense warehouse to the
pallet. A automatic radio frequency identification card list of aviation ammunition
support materials and a Savi-Technology card could be attached to the tray, the tray of
the aviation ammunition support materials in the information contained above, including
the name of goods, quantity, number, storage and transport control number, document
number. The information is then automatically sent to a central information system.
Only in almost all of the supply chain, such as aircraft, ships, truck loading ramps are
mobile, manual or automatic Savi-Technology reader, used to track goods to where. To
achieve the whole process of tracking the whole process.
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3 GPS Application

GPS (Global Positioning System global positioning system) is a global, all-weather,
real-time, automation and high efficiency advantages of navigation, positioning and
timing, speed measuring system, which can provide seven dimensional high precision
for the user (three-dimensional position, three-dimensional velocity and time). GPS
consists of three parts: satellite, ground control center and user. GPS uses the satellite
as a reference point to calculate the location, positioning accuracy to meter level. There
are 24 satellites in the air, located in the orbit of the surface of about 6 km, about 201
million 830 thousand km, about 55° orbit. Each star has 4 high-precision cesium atomic
clock and a real-time update of the database, the satellite is constantly sending data to
the earth’s surface. GPS receiver on the ground whenever and wherever the data can be
received at the same time 4 satellites, and then according to these data automatically
calculate the latitude and longitude of the receiver and the direction of movement speed,
time and other data.

The GPS receiver uses a three edge measurement mechanism to calculate the position
of a point in a three-dimensional space. So at least three satellites are needed. GPS
satellites broadcast their location information and the exact time at this time. GPS
receiver through the reception of the signal, to know the location of the satellite and the
signal transmission time, you can measure the distance to the satellite, and then calculate
their position, as shown in Fig. 2. Suppose we measured a satellite distance of 11000 km,
that we are in a satellite as the center, 11000 km radius of the sphere. As of two satellites
in addition, also in their center, the corresponding distance as the radius of the sphere.
The three balls intersect at two points, one of which is the position of the receiver, and
the other can be easily eliminated by judgement.

Fig. 2. GPS positioning principle

The information transmission time between the satellite and the ground receiver is
measured, which is the basis of the GPS distance measurement. For satellites, the use
of very accurate atomic clock timing, very accurate. But the GPS receiver atomic clock
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on the ground is too expensive, so the use of fourth satellites for the timing, time
synchronization and GPS receiver time, accurate time synchronization to ensure accu‐
rate positioning.

There are two methods of GPS positioning: one is the single positioning method, by
a receiver to receive the data of the 4 stars, the positioning accuracy is low, the error has
tens of meters. The other is a relative positioning method, at the same time from the
same set of satellite receiving data from multiple receivers, and at least one receiver at
a known point (known longitude, height), this point as the reference point for the other
point to the reference point of the distance. This approach can achieve very high accu‐
racy, also known as DGPS (wide area GPS differential correction), which requires a
large number of reference points composed of infrastructure to support. GPS positioning
data through the GSM (global mobile communication network), CDMA SMS (short
message) or cluster communications and other means to the ground monitoring center,
displayed on the mobile phone with GIS or large screen projector. The center can monitor
the current position, the route, the direction and the speed of the target for 24 h.

4 RFID Application Plan of U.S

American Air Force established the visual logistics supply network coverage of impor‐
tant regions of the world based on RFID standard EPC, extensive communication
network, efficient information processing, strong security against ability. There are 480
monitoring point of 38 countries in the world, real-time tracking of 270000 container
including military and commercial purposes and important goods.

Figure 3 is the RFID application plan of U.S.

1. air ammunition support material can only be read through the passage, in the case
of the destruction of the database, the site can not achieve the automatic statistics;

Fig. 3. RFID application plan of U.S.
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2. using UHF passive tags to identify the distance of less than 5 meters, and has a
directional;

3. tags can only store a EPC code, equipment information must be resolved through
the EPC server to obtain.
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Abstract. The method of using three-dimensional design of the main compo‐
nents cage rotor separator were optimized, according to the green design theory,
to meet the minimum number of parts of the design method and the direction of
the minimum assembly direction; according to the part interlock feature, to
achieve the main assembly process in the equipment outside the design method
and structure of the principle of symmetrical design. The numerical simulation
method is used to simulate the flow field of the separator, especially the influ‐
encing factors of the flow field of the rotor system. The optimal performance of
the redesign is verified by the experimental data.
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1 Preface

The purpose of the cage-type rotor separator assembly is to assemble the rotor system,
housing, power and drive system of the separator as quickly as possible and to ensure
the assembly quality of the separator. Therefore, the quantitative analysis of the appli‐
cation to the cage rotor separator design process is essential, especially in the cage rotor
separator design research early, the program demonstration and selection stage is partic‐
ularly important, the purpose of optimizing the design of the separator in order to reduce
the equipment assembly time, reduce assembly costs.

2 Three-Dimensional Design and Assembly Design Analysis
of Cage Rotor Separator

Three-dimensional solid modeling software has a powerful parametric design and
surface modeling capabilities, high-performance assembly and finite element structure
analysis functions. The design of the cage-type rotor separator is due to the different
specifications and performance specifications. At the same time, due to technical
reasons, it is not possible to form a standardized design. The two-dimensional design
can not meet the requirements of its assembly design. The three-dimensional design can
be used to solve the redesign some of the problems in the process.
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