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Abstract: The railway large road maintenance machinery is to be cut by broken glass track
automatically starts a way, dial a way and tamping maintenance railway line highly
automatic large road maintenance machinery, which is widely used in our country railway
works system. This paper mainly studies the effective method of railway construction
machinery management integrated with cloud computing. In this paper, the railway
construction machinery management information platform as the research object, relying
on the actual project, on the basis of the study of its characteristics combined with the
theory of cloud computing, a railway engineering information platform based on cloud
computing. The field experiment verifies that the system runs stably and reliably, and the
data collection is real-time and accurate. It can be widely used in the current construction
machinery management system, which solves the shortcomings of traditional construction
machinery management and improves the quality and efficiency of the project.

1. Introduction

Since 1980s, our country began to introduce a large scale maintenance machinery from abroad.
After continuous development for more than 30 years, our railway is equipped with more than 5000
sets of large type of maintenance machinery equipment. Citing technology and remarkable
achievements of independent innovation for many years [1]. Through manufacturing technology
introduction and absorption, mechanical main suitable model has been implemented in the current
railway are the localization, a project has covered the main railway lines, rail and tunnel mechanical
cleaning sieve, lines and rail tamping, line with a frantic jumble cosmetic and stability, rail grinding
and a series of form a complete set of equipment, a variety of diseases on different lines to realize
effective governance, Compared with traditional public works units, the operation quality and
efficiency are greatly improved [2]. With the continuous expansion of the road network in China,
the pressure on the maintenance of lines continues to increase, the number of large road

Copyright: © 2021 by the authors. This is an Open Access article distributed under the Creative Commons Attribution License (CC BY 4.0), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited
(https://creativecommons.org/licenses/by/4.0/).

36



Kinetic Mechanical Engineering

maintenance machinery equipment also continues to grow, so that the overall equipment technology
level and application level of Chinese railway large road maintenance machinery has gradually
entered the world advanced ranks [3]. With the continuous improvement of the application level of
large-scale road maintenance machinery, exploring a set of safety system suitable for the
management of large-scale railway road maintenance machinery has become a new topic [4].

After more than a century of development, railway has become an indispensable part of the
transportation plate [5]. Japanese and European railways developed earlier. Compared with the last
century, the ideas, methods and methods of railway safety management in developed countries have
been greatly changed. With the establishment of the safety management system and promotion,
these countries on railway safety management thoughts, the successful application of modern safety
management system and railway safety management, in the management of outstanding system
safety concept, affecting the safety of person, machine, environment, pipe and other factors all
include, take the comprehensive management and scheduling systems [6-7]. In the process of safety
management, always strengthen the construction of railway safety laws and regulations, the
implementation of management law; At the same time, the research and development and
application of advanced driving safety monitoring equipment are strengthened through scientific
and technological progress. With the continuous development of digital network technology and
communication technology, remote centralized management and scientific analysis of safety
information in the transportation process can be realized [8-9]. At present, the large maintenance
road machinery in China is established by the corresponding railway bureau of machinery section
unified management, responsible for the application, maintenance and overhaul of equipment,
adhering to the traditional management mode of railway system. The operation of large-scale
railway road maintenance machinery is field operation, and the operating environment changes
frequently. At the same time, due to unfavorable factors such as the low education level of operators,
the opening of V-shaped skylights, bad weather, and the frequent replacement of outsourced
construction teams, the inevitability and contingency of safety management determine the difficulty
and complexity of safety production: Inevitability means that the law of accident statistics shows
that long-term management is out of control, a large number of hidden dangers exist, and the final
result will inevitably lead to an increase in the probability of accidents. However, the time, place
and consequences of accidents are unforeseeable, which is also a prominent manifestation of
contingency, so it is difficult to prevent accidents [10].

Based on cloud computing technology research to establish a set of suitable for enterprises in our
country are the machinery and safety management system, effect a radical cure in our country are
the machinery enterprise security management difficult, disorderly, some problems, after the
implementation is engaged in the management, make management to advance management, change
passive to active, realization of accident prevention in advance, the radical problems of safety
management from the source, Establish a long-term safety management mechanism.

2. Railway Machinery Management System Based on Cloud Computing
2.1. Cloud Computing and Key Technologies

As an emerging computing model, cloud computing has attracted widespread attention since it
was published. The so-called cloud computing is a distributed computing capability provided by the
network [11-12]. The initial purpose of cloud computing is to improve students' experience in
network development. Since it was first proposed, cloud computing has become one of the fastest
developing technologies in the computer field, and the general trend of development is defined as
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more openness, integration and intercommunication [13].

Cloud computing has three service modes, namely laas (infrastructure as a service), Paas
(platform as a service) and Saas (Software as a service) [14].

laas service is located at the lowest level of cloud computing service, which is required by most
small and medium-sized enterprises to provide the hardware and the most basic software resources
to each user in a service mode. This layer provides users with the service of renting computing
resources, which is developed in response to the development requirements of most small and
medium enterprises in enterprises. Users can install the operating system and other software
according to their own needs, and do not need to own their own data centers and hardware
equipment, thus avoiding the maintenance of hardware equipment [15].

Paas platform is based on laas service. This platform is managed by a third party, which is not
directly connected with ordinary users, but directly connected with technical personnel. This service
layer is a form of software service. Although this platform is managed by a third party, users can
use the public applications provided by it to build the required applications on this platform and
enjoy the management rights. Platform services serve developers when developing software, which
is a very beneficial thing for developers, who do not need to worry about the configuration of
software development anymore, and devote themselves to software development, which shortens
the software update cycle and improves work efficiency [16].

Saas services are the highest level of cloud computing platform services. Network users do not
need to have a variety of software and hardware facilities, nor do they need to hire network
maintenance personnel, which is not only convenient but also saves resources [17].

The development and parallelization of data in the cloud platform are generally processed using
the Hadoop platform. Hadoop platform is composed of Hadoop distributed file system (HDFS) and
MapReduce computing model. These two modules are only the core content, in addition to
Common, Hive, Avro and other sub-projects [18].

Hadoop is an open source distributed computing framework in cloud computing platform, which
is researched and developed by Apache. It has only been a decade since Hadoop was proposed and
applied, but the development of Hadoop has been beyond imagination. Within a short period of
time, Hadoop has been deeply involved in all fields of big data, and has been applied in search
engine, fault monitoring, data mining and other fields, with low running cost and strong capacity
expansion. High computing efficiency is the main feature of Hadoop platform.

MapRaduce is a distributed processing framework for device maintenance data in Hadoop.
MapRaduce model generally adopts the idea of "divide and conquer" to deal with large-scale data
sets. All the large-scale data to be processed are divided into many small data blocks, and all the
small data blocks are processed by map() function in parallel to output new results.

HDFS is a distributed file system that can process large amounts of data and run on a common
infrastructure, much like a file storage system in a computer. The HDFS system architecture uses
the Master/Slave architecture. The system consists of name nodes (NameNode), data nodes
(DataNode), and clients. The NameNode and DataNode are the primary and secondary nodes of the
system respectively. The primary and secondary nodes run on common commercial computers
using Linux operating system in the form of Java programs.

2.2. Railway Construction Machinery Information Management Cloud Platform Architecture

The system is implemented based on the Industrial Internet of Things platform, including edge
layer, laaS infrastructure service layer, PaaS platform service layer and SaaS application service
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layer.

Edge layer: Use ubiquitous sensing technology to collect and gather information of multi-source
devices, heterogeneous systems, operating environment, people and other elements in real time and
efficiently, build a set of equipment access and edge data processing that can be compatible and
converted into multiple protocols, and realize industrial data interconnection, interoperability and
operation.

laas layer: Based on virtualization, distributed storage, parallel computing, and load scheduling
technologies, the laas layer implements pooling management of computer resources, such as
network, computing, and storage, flexibly allocates resources based on requirements, and ensures
the security and isolation of resource usage to provide users with complete cloud infrastructure
services.

PaaS layer: provides services at the application layer, such as device management, resource
management, operation and maintenance management, and security authentication, simplifying
application platform establishment.

SaaS layer: According to the actual needs of the owners, it provides service-oriented customized
operation and maintenance application services, and other applications can be built on the basis of
PaaS.

Online monitoring is based on OPC UA for high-speed data channel information exchange, with
data acquisition, direct digital control, human-computer interaction, monitoring and management
functions. Based on the cloud platform, unified data collection, business processing and distributed
control of heterogeneous data are realized, and unified data services are provided to the business
layer, so as to achieve the purpose of visual management and control of equipment, intelligent
management of equipment and automatic control of production.

Service system A processing system for O&M services such as scheduling and management
based on RabbitMQ. Service system data is closely related and analyzed and processed in a
centralized manner. Through channel isolation, the data acquisition channel and the service channel
do not affect each other, and the system coupling is reduced. On the other hand, the remote service
client verifies the data of the two channels.

Service scheduling: The Web server obtains user operations for service scheduling and uses
RabbitMQ message queue middleware for message production and consumption. The message
queue server uses Redis for real-time data persistence.

3. Field Testing

In this paper, field tests are carried out to further verify the application of the system, mainly
observing the operation of the hardware deployment in the field environment and testing its
functions. In the first part of this section, the tester checks real-time logs and calls services on the
site through the management platform, communicates with the field construction machinery
operators about the operation of construction machinery, and observes the real-time data situation.
The other is to analyze and compare the actual data recorded in the field, the data saved in the
background database and the local data saved in the cloud box to analyze the consistency of the data
and verify whether the expected goal can be achieved. In this section, the test environment is the
actual construction environment. The field view is open, and there is electromagnetic interference
from large electromechanical equipment, but there is no strong interference source.

First of all, in the experimental pilot, after installing hardware for the construction machinery, it
will enter the system guidance and wait for it to enter the stable state. After logging in to the
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management platform on site, it will observe the situation of site deployment and communication.

The management platform is used to invoke cloud services and adjust cloud configuration
parameters. You can view detailed information about the device 1D, message type, IP address,
message subject, Qos, message timestamp, and message details by viewing logs on site.

In order to test the effect of data monitoring in the field, it is necessary to compare the field
records with the data reported in the database after completing the field real-time test to obtain the
deviation of monitoring data. In the database data extraction, can get a variety of construction
machinery, each time period, monitoring data, including the construction machinery categories of
road roller, bulldozer, excavator, administrative vehicles, etc.

The following formula is used for system testing:

DDE =TDFT /(TDFC + TDFT) x100% 1)

Where, TDFT= all defects found in the test process, TDFC= all defects found by the customer.

DRE = (TDCT /TDFT) x100% @

Where, TDCT= all defects modified during the test, and TDFT= all defects found during the test.
4. Test Implementation Effect
4.1. Oil Quantity Monitoring

In order to carry out accurate quantitative analysis, the field refueling record is taken as the
standard to compare the refueling quantity data. The deviation between the collected remaining oil
quantity and the actual refueling quantity recorded manually in the field during the same period is
mainly observed, and the conclusion is drawn.

Table 1. Comparison between field record and monitoring data of bulldozer oil volume

1 2 3 4 5
Actual refueling 273.14 160.42 332.89 217.45 229.72
quantity(L)
Monitoring refueling 272 58 160.94 333.56 215.87 228.32
quantity(L)

As shown in Table 1, Figure 1 and Figure 2, the measured values of refueling volume of the
three construction machinery vehicles are compared with the actual data. As can be seen from the
above chart data, the combined deviation of refueling record is 1.65L. The oil tank volume of all
kinds of construction machinery is inconsistent, the accuracy of the oil level sensor is affected by
temperature, and the deviation of the performance of all kinds of construction machinery is also
different. In the later application, regular calibration is needed to ensure the monitoring accuracy.
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Figure 1. Comparison of excavator refueling volume data
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Figure 2. Comparison of tanker volume data of loading vehicles
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4.2. Monitoring Running Status

By comparing the length of each state time period of the running state monitoring data, the
accuracy of the running state monitoring of various construction machinery can be obtained. The
following results are obtained through statistics, as shown in Table 2.

Table 2. Construction machinery three kinds of running state judgment accuracy

Accuracy at rest | Idle speed accuracy Accuraqy of

operation

Loader 97.53% 91.38% 98.12%

EXxcavator 94.58% 88.92% 92.07%

Bulldozer 97.61% 91.43% 95.87%
100.00%
03.00%
26.00%
E000%
o .
8 92.00%
5 90.00%

<
83.00%
86.00%
84.00%
Accuracy atrest Idle speed accuracy  Accuracy of operation
Test project
Loader Excavator Bull dozer

Figure 3. Three kinds of construction machinery different running state judgment accuracy
statistics

As shown in FIG. 3, the comprehensive average accuracy of all kinds of construction machinery
running state monitoring is 94.17%, which meets the monitoring requirements.

5. Conclusion
In this paper, through analyzing the current situation of railway engineering machinery

operations, combined with the development of cloud computing technology, put forward the
development of the railway engineering machinery remote operational system design project, from
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the user, information, and the Angle of the functions and operational performance, analyzes the
functions of the system of high speed railway hoisting machinery remote operational requirements,
remote operations on the basis of research the key technology of system design, development and
implementation. System overall business requirements, but there are still some need to be improved
in the process of practical application and extension, specific job prospect is as follows: the function
of the Web management system has to meet basic demand, but in material management needs
further supplement and improvement of the material can be combined with the project information
for effective management of material to provide users with multi-dimensional functions of
management.
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