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演示者
演示文稿备注
Mr. Chairman, Ladies and Gentlemen, Good afternoon. Today, I stand for LES group and going to share the work of NUMEN 3000 series in the ATM field. 
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演示者
演示文稿备注
First of all, I will present an overview of the NUMEN ATC automation system . Next, I will talk about the smart technology implemented in the system. Finally, I will give an introduction on routing and guidance function of the advanced system of Beijing Daxing Airport.
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Concept(ATCAS) 
 Receives and processes radar and other surveillance data in real time to 

provide controllers with air situation display, flight conflicts and various 
abnormal warning information;   

 Provides controllers with flight plans and navigation dynamic information 
through associated flight plans and surveillance data.  

 A comprehensive management system that assists controllers in 
implementing air command, providing air traffic control services, and 
ensuring the safety of aircraft gate-to-gate operations. 

Chinese Market Share 

70% 

1. NUMEN3000 ATCAS  

演示者
演示文稿备注
Let us begin with the first section, the overview of the NUMEN3000 ATC Automation System. The system receives and processes radar and other surveillance data in real time to provide controllers with air situation display, flight conflicts and various abnormal warning information. It provides controllers with flight plans and navigation dynamic information through associated flight plans and surveillance data. In overview, it is a comprehensive management system that assists controllers in implementing air command, providing air traffic control services, and ensuring the safety of aircraft gate-to-gate operations.
So far, NUMEN series has dominating in Chinese ATM automation field with a market share of 70 percent. 




3/27 

Project Experience 
 NUMEN3000 Applications 

2015 

Shenyang 

ACC Main 

2016 

Xinjiang 

ACC Main 

2017 

Chongqing 

Main 

2014/2019

Beijing 

ACC 

Backup 

2014/2019 

Shanghai 

ACC  

Backup 

2014 

Guangzhou 

ACC 

Backup 

ACC: 27sets 
APP: 10sets 
TWR: 2sets 

ACC: 15sets 
APP: 7sets 
TWR: 4sets 

ACC: 38sets 
APP: 21sets 
TWR: 6sets 

ACC: 5sets 
APP: 17sets 
TWR: 10sets 

ACC: 76sets 
APP: 29sets 
TWR: 12sets 

ACC: 60sets 
APP: 44sets 
TWR: 17sets 

1. NUMEN3000 ATCAS 

演示者
演示文稿备注
Let’s look at some typical cases over the past five years in China. For example, in 2015 and 2016, LES supplies the first main ATC automation system for Shenyang and Wulumuqi Area Control Center.
Meanwhile, we successfully provide the backup system in Beijing, Shanghai and Guangzhou Area Control Center last year. 
After so many years of on-site actual operation, the NUMEN3000 system covering ACC, TMA, APP, TWR architecture has been verified. 
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Types 
Server/ 
Position 
amount 

Server/Positio
n  

node amount 
Remark 

Beijing ACC 109 174 including 23 new positions 

Beijing New TMA 85 127 All positions configured 

Beijing Capital 
Airport 17 17 All positions configured 

Beijing Daxing 
Airport 23 23 All positions configured 

Tianjin Airport 27 39 All positions configured 

Beijing Shadow TMA  40 61 All positions configured (shadow 
mode) 

All 301 443   

Total total node amount：443 Including node amount of TMA 
(shadow mode) 

System Scale 
Node Evaluation of 
Beijing ACC System 

The automation backup system for Beijing ACC, TMA and 
Tianjin TMA is currently the largest ATC system in the world. 

1. NUMEN3000 ATCAS 

演示者
演示文稿备注
Next, we will take an example in more detail. The backup system LES supplied for Beijing covers the area control center, terminal area, and Tianjin termial area, is currently the largest ATC automation system in the world. In May 2020, the software of the system has been upgraded to the latest version 3 and the newly built Beijing Daxing east tower has successfully connected to the system. Let’s take a look at the node summary table. There are totally 443 servers and position node deployed in our system. In the system, there is a shadow partition which acts like a fallback system during the COVID-19 pandemic.
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四、汇报内容页面使用样式 一、未来空管发展展望 

Beijing ACC 

Beijing new 
terminal area 

Daxing 
Airport 

Capital 
Airport 

Tianjin 
Airport 

Joint Operation        Targeted 
service 

Beijing ACC system architecture 

Local Access 

System Architecture 

1. NUMEN3000 ATCAS 

演示者
演示文稿备注
A number of different partitions are defined in the system, including Area Control Center partition, TMA partition and airport towers partition, etc. Each partition is equipped with an independent surveillance data processing subsystem, which has local processing functions and is physically and logically separated from each other.
When the subsystem is connected with each other, the flight plans are transmitted to the area control center for center processing. The flight plan could be shared among all partitions.
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 A functional framework for the scope of 
control, authority and information category. 

 Able to realize the top-down integrated 
cont ro l  se r v ices  and reduce  cont ro l 
coordination. 

Data Service System  
Monitoring  

 

Technical 
Maintenance 

FDP SDP FDP SDP TFDP TSDP 

ACC APP TWR 

Full-Lifecyle Services 
System Services 

1. NUMEN3000 ATCAS 

演示者
演示文稿备注
The system platform provides full-Lifecyle Services supporting the control operations. It has a functional framework for the scope of control, control authority and information management. It is able to realize the top-down integrated control services and reduce control coordination.
As shown in this diagram, the data service, system monitoring and maintenance functions are the functional modules supporting the application services such as FDP SDP etc.
These functions could support the normal operation when ACC, APP and TWR are connected.
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FDP SDP FDP SDP TFDP TSDP 

ACC APP TWR 

 APP partition can independently 
support the APP service and TWR 
service. 

 Remote tower being equipped with 
i n d e p e n d e n t  d a t a  s e r v i c e 
subsystem. 

Micro Service 

System Service Type 

Data Service System  
Monitoring  

 

Technical 
Maintenance 

1. NUMEN3000 ATCAS 

演示者
演示文稿备注
NUMEN system services can also support independent operation for a standalone partition, for example, the TMA partition can operate separately from the ACC partition to provide control services for approach controllers and tower controllers. The remote tower partition can also be equipped with an independent data processing system to provide localized surveillance data and planning data services. Localized data processing can still provide stable and reliable control services under abnormal conditions, such as abnormal network communication fails.
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Functional 
Subnet 

architecture 
Backbone 
network 

Physically 
independent 

Separation 
of data input 
and output 

Support 
local 

service 

Localized 
Surveillance 

data 
processing 

Centralized 
flight data 
processing 

NUMEN3000 

Redundant operational network to ensure  
quality of service 

Separated operational data network, 
monitoring network, data replay network 

Partitions of control services 

Separated access and output data 
processing equipment to avoid interference 

Centralization of flight data and 
integration processing 

Monitoring local data, independent 
operation 

System Structure Features 

System Enhancement 

1. NUMEN3000 ATCAS 

演示者
演示文稿备注
The system has the following features to provide its redundancy and robustness. Well, these are Functional Subnet architecture, Backbone network
Physically independent, Separation of data input and output, Support local service, Localized monitoring data processing and Centralized flight data processing. 
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System Structure Features 

Security-
based 
consiste-
ncy 
monitor-
ing 

Efficient 
control 
operatio
n and 
informat
-ion 
display 

Upgrade 
and 
downgrade 
manageme-
nt based on 
partitional 
service 

Enhanced real-
time track 
prediction 

AMAN 
based 
on time 
slot 
allocatio
n 

Flexible 
handover 

Quality-
based 
surveilla
-nce 
data 
fusion 

Beijing Area Control 
NUMEN-3000 ATC system 

System Highlights 

1. NUMEN3000 ATCAS 

演示者
演示文稿备注
Similarly, we still take the Beijing ACC automantion system as an example. The system has the following functions: Quality-based surveillance data fusion, AMAN which is based on time slot allocation, Flexible handover, Enhanced real-time track prediction, Security-based consistency monitoring, Efficient control operation and information display, Upgrade and downgrade management based on partition service. 
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Enhanced real-time track prediction 

Aircraft 

performan

ce model 

Kinematic 

model 

meteolo

-gic 

model 

Historical 

statistical 

model 

Regulatory 

disturbanc

-e 

Engineering 

application 

streamlined 

framework 

Sorting  
management 

Automatic 
control 
transfer 

Mid-
term 

conflict 
detectio

n 

Track-based 
application

s … 

 Being committed to the mid/short-
term conflict prediction of control 
services 

 Enhancing the intervention of 
historical track and control hand-
over points on trajectory prediction 

 Configuring hybrid prediction 
model + credibility model  

 S u p p o r ting 
performance/trajectory-based 
operation 

System Features 

1. NUMEN3000 ATCAS 

演示者
演示文稿备注
Well, I will explain those mentioned functional features subsequently. 
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Flight Hand-Over Based on MH/T 4029.3, it realizes flight 
data exchange, enabling the tower and 
approach controller to synchronize data 
and operations. 
 
The data includes: 

Basic flight plan data 
Hand-over flight data 
Gate information 
Runway status 
Arrival and departure procedures 

 
 

Solved： 
Limitations 
of fixed 
point 
handover 

 OLDI – Eurocontrol Data Exchange Standard 
 AIDC – ICAO Data Exchange Standard for Air Traffic 

Control Units in the Asia-Pacific Region 
 FAA NAS Standards – U.S. regulatory unit transfer 

standard 
 MH/T 4029.3 type C message – China regulatory 

transfer standard 
 In the future, under the framework of ASBU, FO and 

FIXM supporting FF-ICE and SWIM will appear. 

Beijing ACC ATC syste

m 

Beijing 
Capital Airport 
EFS 
ASMGCS 

Daxing Airport 
ASMGCS 

Adjacent ATC System A Adjacent ATC System B 

Handover flight infor
mation interaction 

 

System Features 

Adjacent ATC System A Adjacent ATC System B 

1. NUMEN3000 ATCAS 
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Arrival management based on time slot allocation 
 Independent decision-making support for 

arrival flight sequence management 
 Time slot management based on 4D trajectory 

prediction technology 
 Support TBO technology, APP/TMA control 

decision support 
 Control function and decision support 

information sharing, support interoperability 
mode 

AMAN ATC 

•Four-dimensional 

trajectory 

•Flight data 

•Meteorological 

data FDPS 

• Arrival sequence 

• Handover point 

sequence 

• Control strategy 

AMAN 

System Features 

1. NUMEN3000 ATCAS 

机场跑道

离港点1

离港点2

进港点4和等待区4

进港点2和等待区2
进港点3和等待区3

最后进近点

起始进近点

进港点1和等待区1Departure 
Point 1 

Departure 
Point 2 

Approach Point 1 
Waiting Area 1 

Approach Point 2 
Waiting Area 2 

Approach Point 4 
Waiting Area 4 

Approach Point 3 
Waiting Area 3 

Final 
Approach 

Initial 
Approach Airport Runway 
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Quality-based surveillance data fusion 

GPS 

ADS-
C 

WAM 
ADS-B 

Primary 
Radar 

Primary/S
econdary 

joint 
Radar 

S mode 
Radar 

 Distributed, multi-channel based, phased data fusion 

 Pre-configuration of surveillance source parameters, self-

learning adjustment of parameters and reliability 

 Correction and monitoring of Mode S radar data 

 ADS data reference 

System Features 

1. NUMEN3000 ATCAS 

演示者
演示文稿备注
Various Source Fuse:异源融合
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Security-based consistency monitoring  SSR Code consistency comparison 

 Location point comparison 

 CFL consistency monitoring 

 Aircraft Trend Monitoring 

 Route consistency monitoring 

 Command Execution monitoring 

 …… 

 

 

Provide difference display of window 

information, labels and tracks 

New Surveillance data 

 
 

Traditional Radar Data 

Airborne data 

 
 

Control Command 

Data 

Cross-check 

Information Analysis 

Airborne Downli
nk Control Confir

mation Data 

Control 

operation data 

System Features 

1. NUMEN3000 ATCAS 
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Efficient control operation and information display 

Flight 

object 

Flight 

Plan 

Electroni

c Flight 

Strip 

Track

Label 

 Human-machine interface layout configuration, role 
configuration 

 Information Association Display Based on Knowledge 
Graph 

 Multi-entry function operation 
 Usability of information and warnings 
 Error Message Display 

Traditional control 
operations 

+ 
Local control 

characteristics 

System Features 

1. NUMEN3000 ATCAS 

警
示

事
件
类
型

事
件
类
型

航
迹
标
识

航
迹
标
识

计
划
标
识

计
划
标
识

发
生
扇
区

发
生
扇
区

冲
突
航

迹

冲
突
航

迹

冲
突
区
域

冲
突
区
域

异
常
高
度

异
常
高
度

航
迹

航
迹
标
识

航
迹
标
识

时
标

时
标

位
置

位
置

高
度

高
度

速
度

速
度

航
向

航
向

所
属
扇
区

所
属
扇
区

飞
行
数
据

计
划
标
识

计
划
标
识

执
行
时
间

执
行
时
间

计
划
起
降
机
场

计
划
起
降
机
场

计
划
起
降
时
间

计
划
起
降
时
间

实
际
起
降
时
间

实
际
起
降
时
间

计
划
航
线

计
划
航
线

计
划
轨
迹

计
划
轨
迹

扇
区
关
联
表

扇
区
代
号

扇
区
代
号

逻
辑
扇
区
标
识

逻
辑
扇
区
标
识

物
理
扇
区
标
识

物
理
扇
区
标
识

空
间
参
数

空
间
参
数

班
组

班
组
代
号

班
组
代
号

值
班
时
段

值
班
时
段

管
制
席
位

管
制
席
位

管
制
员

管
制
员

工
作
类
型

工
作
类
型

发
生
时
间

发
生
时
间

偏
置
航

线

偏
置
航

线

相
关
计
划
标
识

相
关
计
划
标
识

警
示
属
性

警
示
属
性

实
际
降
落
机
场

实
际
降
落
机
场

任
务
类
型

任
务
类
型

记
录
时
间

记
录
时
间

状
态

状
态

所
属
扇
区

所
属
扇
区

其
它

其
它

所
属
管
制
区

所
属
管
制
区

管
制
席
位

管
制
席
位

关
联
时
间
段

关
联
时
间
段

Planned 
Landing&Departure 

Airport 

Planned 
Landing&Departure 

Time 

Actual 
Landing&Departure Time Actual Landing&Departure 

Airport 



16/27 

Upgrade and downgrade management based on block service 

Tower 

Perceived resource 

TMA 

Decision resources Guarantee resources 

ACC 

guidance 

monitoring 
weather 

Information 

Plan 

Strategy 

system 

Equipment 
Personnel 

System Resources 

The ACC and TMA are equipped with entire services. The system 
has a unified service mechanism for ACC flight plan processing (default 
configuration). When the network or ACC flight data processing fails 
between subsystems, the terminal area system will support 
independent operation and implements service degradation. 

Under the three layer architecture of ACC, APP, TWR systems, it 
provides block monitoring services for each partition, covering 
equipment, network, software and so on, track logs, fault detection, 
and troubleshooting suggestions. 

System Features 

1. NUMEN3000 ATCAS 
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演示者
演示文稿备注
First of all, I will present an overview of the NUMEN ATC automation system . Next, I will talk about the smart technology implemented in the system. Finally, I will give an introduction on routing and guidance function of the advanced system of Beijing Daxing Airport.
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Voice recognition technology based on deep 

learning 

 Control instructions are 

automatically integrated 

into the system 

 I n c o n s i s t e n t  c o n t r o l 

instructions 

 P i l o t  r e t e l l i n g  i s 

inconsistent with control 

instructions 

 Control instructions are 

inconsistent with the 

actual flight operation 

The Voice Recognition Technology based on deep learning ， it 
integrates the controller’s voice into ATC system to avoid the 
"error, forgetting, and omission" of the controller, enhance the 
aviation safety monitoring ability and reduce the burden of the 
controller. 

Runway 

incursion 

Voice-based operational safety monitoring 

2. Application of Smart Technology 

Control 
Instructio
n Parsing 

Flight Mark:... 
Flight 
Company:... 
Surface Mark:... 
... 

Grammar 
thesaurus 
Control 

演示者
演示文稿备注
Ok, let’s move on the second part. It will describe NUMEN system that applied in some smart technology. The first is the Voice-based operational safety monitoring.
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Using EPP information to improve the current 
position accuracy and predicted position 
accuracy of the track in the ground system; 
Enhancing the precise execution of control 
instructions; 
High-precision location perception improving 
the conflict perception ability and the effect 
of safety management, and reduces the 
controller's workload; 
Improved accuracy of ETA in the AMAN 
function to promote the pre-planning and 
deployment of airport resources 

Verification flig
ht 

Application improvement based on TBO 

2. Application of Smart Technology 

 connection 
establishm

e
nt 

Epp is updated periodically to obtain the current position of the aircraft 

Signing 
A

greem
ent 

A
djusting 
Speed 

C
hanging 
C

ourse 

Transfer 

Disconnect&Es
tablish 

Connection 
Internal 

assignment 

disconnecting 
connection 

Seting RHA Seting RHA 

ATCAS with TBO Function 
information 

interconnected by 
IP network and the 

third-party 
simulation airborne 

FMS system 

演示者
演示文稿备注
Then it is some improvements based on TBO. 
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Integration of Collaborative Decision Making System 

 Flight multi-dimensional 
priority 

Priority 
Protection 

Duration 
Coverage 

Flow Control 
Type 

SOBT Priority 
SLDT/STO 

Priority 

Flow 
control 

level 

Priority 
within the 

group 

 Regional Processing 
 Coordinated operation 

Aiming at the joint operation of multiple airports in the area, 
it provides the "event trigger + timing" calculation mode, 
proposes the concept of multi-dimensional priority order of 
flights, and designs the time slot allocation mechanism, which 
blocks the mutual disturbance between flow control measures 
and enhance the time slot stability. 

2. Application of Smart Technology 

演示者
演示文稿备注
Moreover, it is the Integration of Collaborative Decision Making System
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Form a data relationship graph 

Establish linked data access 

Break the data isolation, link relational and non-relational data 

Information Sharing Based On Flight Objects 

2. Application of Smart Technology 

ATCA 
Backup 
System 

Flight Object 

Slot Management Slot Management Slot Advise 

ATFM、DMAN、
CDM 

 
ASMGC

S 
 
 

ASMG
S EFS 

Flight 
Information. etc. 

Flight Condition. 
etc. Flight 

Information. etc. 

Information Sharing 
Platform. 

Operational Flight 
Data Operational Flight Data 

Simulation 
training 
system 

Test 
Evaluatio
n System 

演示者
演示文稿备注
增加一个关注点：不安全事件是否能全面监测：
正向：对重要性级别高的不安全事件要及时感知
方向：人机环管，能够逐级最查到，包括录音和回放，
          人的资质、管制系统视频，

怎么提供感知？大界面图示
关系图谱提供事件发生概率
存储方式为全面感知做了数据储备：
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RECAT 

1.Data  m a nag em e n t 

function; 

2.Flight data processing 

function; 

3.F l i g h t  Message 

processing function; 

4.Air  s i t u a t i o n 

informat ion  d isp lay 

function; 

5.Wake interval warning 

and alert function. 

RECAT 

2. Application of Smart Technology 

wake interval 4NM 

wake interval 4NM 

wake interval 2.5NM 

previous one      following one 

previous one      following one 

previous one      following one 

Current Standard 
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演示者
演示文稿备注
First of all, I will present an overview of the NUMEN ATC automation system . Next, I will talk about the smart technology implemented in the system. Finally, I will give an introduction on routing and guidance function of the advanced system of Beijing Daxing Airport.
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ASMGCS system 
ASMGCS systems are widely used in hubs and regional airports. They can detect 

aircraft and vehicles through surveillance sources such as field surveillance radars, and 
monitor, control, route planning and guidance of aircraft and vehicles on the surface of 
the airport. Assisting the controller to implement the integrated business system for 
the control of ground activity targets and ensuring the safe operation of aircraft to 
ensure the safe implementation of command tasks. 

     LES developed the A-SMGCS system for the Beijing Capital Airport and Daxing Airport has 
multiple functions such as surface monitoring, alarm control, routing planning, light guidance, 
etc., reaching the level IV operation standard recommended by ICAO, and can provide airport 
operation under low visibility safety assurance. It is truly an innovation and revolution in 
ground transportation management. 

3. Guidance and Routing of ASMGCS 

演示者
演示文稿备注
Lastly, I will talk about our ASMGCS system. 
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Surface management---I-TWR 

 Integrated airport information, 
approach situation display and warning 
control; 
 Advanced aircraft taxi routing planning 
and taxi guidance functions, reaching 
 A-SMGCS IV level; 
 Electronic Flight Strips function for 
paperless operation; 
 Departure Clearance (DCL) function 
based on data link; 
 Flexible display of comprehensive 
operating environment information 
(meteorological  information, aeronautical 
information, flow control, etc.); 

In view of the tower control process, innovate new models and new 
patterns, building an information integration framework based on 
the tower workflow, forming an integrated tower control system 
solution. 

3. Guidance and Routing of ASMGCS 
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Automatic routing planning 
Combined with the operating environment and flow distribution, the 
intelligent algorithms automatically provide optimized routes for arrival, 
departure, and towed flights based on the surface operating rules, 
allowing manual planning and adjustment. 

3. Guidance and Routing of ASMGCS 
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Light Guidance 

• Light Guidance 

• Configurable light parameters 

3. Guidance and Routing of ASMGCS 
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