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Smart Mine System of Lu'an Group
Research on Heterogeneous Network Integration Platform
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Background

With the continuous development of green mining and
intelligent mining technology, the inevitable trend of realizing smart
mine system is integrating the core technologies of modern network
communication technology, operating system platform and software
defined network into the heterogeneous network integration platform.

Innovative constructions of each main mine under the jurisdiction
of Lu'an Group are based on the mine heterogeneous network \\h |
integration platform of intelligent industrial Internet technology, that
are in line with the development trend of smart mines and have the
leading technology of the industry.
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Lu'an Group Introduction

Lu'an Group, one of the five largest coal enterprises in
Shanxi, Is the country's important production base of high
grade heating coal and injection coal. Since the 13th five-
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Why is there a large number of heterogeneous networks and heterogeneous data
information produced in the process of mine informatization?
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Reason 1: Because of different developers, the integrated automation system, management information system
and engineering digital system constructed by the enterprise use different development technique, code rule, data
naming and data description; the phenomenon of "digital gap™ and "information island" is prominent; data and
information can not be shared, and the precious data produced by each system fail to work.

Reason 2: Branches of Lu'an Group are decentralized, mine management covers a large area, there is no
interconnection between the downhole systems, the wellhead systems, the downhole and wellhead systems, the
group system and the subordinate company system. It is difficult to form a unified pool of information resources
and difficult to achieve efficient, unified and safe integrated system management.



BT LUEEMEsISEESEEFRED-MOS®, Heterogeneous network integration
T 2s Pplatform of smart mine system is a
RED-SDN®, RED-DDS®FHRERIERIEHFS. hardware and software platform based
RS EEREITTEA - on RED-MOS®, RED-SDN®, RED-DDS®.
/ MITRE .
@ RED-MOS® 8E&# WIRERSA ( Intelligent mining operation system )
@ RED-SDN® ¥4E X T84 ( software defined industrial Internet of Things )
@ RED-DDS® s&SERd{EmiEElEAR ( hard real-time transmission control )

RED-MOS®#ZIUMiEE - RED-MOS® core advantages:

. I IR BEREL GRS « Software platform carrier for realizing mine application program;
' ) « Minimize the extensibility of developer management system and

© RIMEARAREERST RIEEERORIE ; hardware time;

. HIREBHMSEASNSE—ESEIIREEM | HTIEEMIEMEs,  Provide basis for thg unified ecosystem .of R & .D and management
personnel, and provide support for the industrial Internet of things;

RED-SDN®#MAESS - RED-SDN® core advantages:
. EEFEE , S8 URAH ST EIEFHE ; «  Open source hardware, smart mine system system could be
. WULUHESREESTINTESE , IEASMNS  BEAgey  UPgraded through software; |
_ « The information service of mining enterprises can be managed

AlLlizfEdt (EFE ) . remotely, which could reduce manpower cost, and daily maintenance

RED-DDSEA st - can also upgraded remotely (delocalization).
s _ RED-DDS® core advantages:

« FUSEARIIER. REINESRSIITMERRLE ; - Transport layer solutions for multisystem heterogeneous information
. B SEIRE. B, T RIRRSE and heterogeneous network integration of mine;

Mine equipment interoperability, hard real-time, scalable solutions.
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Heterogeneous network integration platform of smart mine syste
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Interconnection: using the operating system technology, software defined network technology, efficient data
distribution technology in the field of software engineering to realize the interconnection of personnel,
equipment and environment, and the horizontal integration and vertical integration between systems.
Intelligent integration: It is one of the main characteristics of smart mine system to dig data deeply on RED-
MOS® operating system platform forming the foundation of artificial intelligence, and learn knowledge
wisdom forming executive ability. To construct a platform with data mining and learning reasoning, and

support the efficient integration of multi-level networks, such as group company and main mine, as well as
the expert decision-making of artificial intelligence.
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The core design concept of heterogeneous network integration platform system of
smart mine system
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VAR ELthsHED S-S S, SRR EEERSRIRED-MOS® ( SN WHRIERS ) . RED-SDN® ( FR{4EX TAk4EX
) . RED-DDS® (3&SCAHERIEFIRA ) , IRBNMESN WRABEASESISTRIEL.

Heterogeneous network integration platform of smart mine system includes two parts, the first part is hardware devices,
including network communication equipment, data-storage equipment, monitoring equipment and other auxiliary equipment.

The second part is intelligent-fusion RED-MOS® (Intelligent mining operation system), RED-SDN® (software defined
industrial Internet of Things), RED-DDS® (hard real-time transmission control), which is the basis of intelligent integration

platform for smart mine system system.
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Software and hardware decoupling Design based on known details

RREDEMW ARG EMARRZ
Hierarchical system Simplification of system configuration and upgrade
&EIEPASIE BEFEBMAsEfling
Data transmission queue Standards based on existing application examples

EFFRECMEHEt XHERLIRSHIFE P A
Focus on basic services and user experience

Open platform design
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Heterogeneous network integration platform program
design and key technologies of smart mine system
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Advanced application layer &g
RED‘MOS®}5T%1,E§2E@¢E%;/I\LE§:.FT B i W= ‘é;g;f s e o NEYITRRG i
BRSO EERMER SR, SR ENEMR, s A < =
RED-MOS®R{ERF AT LAD ALATI LT ER : Basic data processing layer 4
. BIHERE ! = || gEm SR | | st || SR | 3B |
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3. BMERGHNIZE ' Operating system kernel layer X |
4, FHELEEMR | || G || 20 || 2R kA
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5. BRNEE Software defined network transport layer =
RED-MOS® operating system includes a : [ PR OSS | oos || snwe || s || St I]i |
- - : 1 HERE 3 . QoSEE , A :
number of customized operating systems : ZE g M’fm L R P T | B |
suitable for different hardware devices. As s TR MRS E |
shown in the figure, RED-MOS® operating  Software adaptation layer
system can be divided into the following levels: | EEE iR m A= HE R
1. Software adaptation layer pepmppapapapapapepessd N S
2. Software defined network transport layer = -
3. Operating system kernel layer ?b;z; ,m (E_] gm (g
4. Basic data processing layer e ' )_'.f( s | =

5. Advanced application layer
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RED-SDN® Technology Introduction
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SDN 1s short for Software Defined Network S

Network, not networking g

Indicating a framework, a network design concept
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Open source software, >Open source software, Open Source Hardware
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Network transport layer based on RED-SDN®

iy 5 ELZ4¢ Cross - domain interconnection system
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MR AREZIEEAPIs Network Service Platform APIs

Eﬁﬂ@%ﬂﬁ%ﬂjﬁ‘é Basic network service function
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SDN network transmission
layer design architecture is mainly
to solve cross-domain connectivity
issues between different system
(video surveillance system, gas
monitoring system, etc.) through
the separation of hardware and
software, data layer and
forwarding layer, that can enable
the upper level applications to
well coordinate the cross-domain
interoperability between differe
domains, and different syste
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RED-DDS® Real-time, reliable and secure data
distribution service technology protocol
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RED-DDS®&{iE @ (=M FtRES

RED-DDS® Data communication RED-DDS®{$ iz E ISR |
application model SCH 7 IS T EREEES RS T |, ATLARR
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' | QoS - QoS | Java) BT ESMIRIERSE , fVxWork , QNX,
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| ERETT | —— : _ .
! Do AR : RED-DDS® Uses interface definition language to
| =t e ! BRI i describe services, which achieved platform-independent
: ; i : data exchange method and programming specifications
et vlr--------"' e e ? ~mmmmmms that can be mapped to a variety of operating systems,
At sty adapt to a variety of programming language. At present,
(UDP/TCP) (UDP/TCP) the solutions based on RED-DDS® can use a variety of
= 1= programming languages (mainly C, C++ and Java) for
%fﬁ; %?E many operating system, such as VxWork, QNX, Lynx,

Windows and Unix/Linux, etc.
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The fusion of RED-DDS® technology and RED-SDN® technology
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Each end of the cloud is a sub computing system distributed in different regions. The centralized SDN controller
cluster will control the network data flow through the global perspective. RED-DDS®, as an data transmission
protocol at application layer, could selectively add data and and delete data to the maintained queue system under
the guidance of SDN controller. On both sides of the queue, the supported equipment and systems of each cloud end
will send and retrieve data packets according to requirements. All the sending acquisition strategies are pre-
programmed by the SDN controller and then sent to the end cloud computing platform.
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The diagrammatic sketch of the heterogeneous network
integration platform of smart mine system
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Compared with traditional mining system heterogeneous network integration platform of smart mine system is
more complex. The cost decline is very significant in mine with a large number of diverse equipment.Including the
bottom equipment layer (substation, explosion-proof camera, industrial ring network switch, mine radio equipment,
etc.), communication link (including physical link control, virtual control link and data transmission link), the core server

and applications at upper layer (SDN controller, ERP, MES, CRM, mining WIFI services, etc.). The heterogeneous net
integration platform of the who smart mine system is constructed relying on RED-MOS operating system, RED-SDN

network and RED-DDS transport protocol.
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Summary
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Summary

RED-SDN®3IRED-DDS®

The heterogeneous network integration platform of smart mine system RED-MOS® operating
system of Lu'an Group provides an important basis for the artificial intelligence deep mining of
upper-level business data and the deep learning of multi-source heterogeneous information.

The heterogeneous network integration platform based on RED-SDN® and RED-DDS®
architecture achieved the efficient utilization of physical hardware resources, the flexible
configuration of access network equipment and interconnection of heterogeneous information,
which is an important platform foundation for realizing intelligent and green mining. The

construction of heterogeneous network integration platform makes the goal of green mining for
smart mine system s more further.
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