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1 Coal energy changes and its 

three-decreasing in China 
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Coal is main energy supply for 

China(63%), 29% for the world 
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Dependency of GDP growth to coal 

production growth in China    
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Elastic coefficient of coal consumption, China 
Increasing rate 

of GDP 
Increasing 

rate of coal 

production 

Increasing 

rate of coal 

consumption 

Elastic coefficient of coal consumption in China 

will be 0.2~0.3 for 2016-2020 . 



Coal  mining technology 

revolution in China, 2016-2030 

煤炭生产技
术革命 

Coal mining 
Revolution 

变有人驾驶为
无人驾驶 

变物理开采为
化学开采 

变损害挖掘为
绿色开采 

变高碳排放为
近零排放 

From manual operation 

to unmanned mining 

From high carbon 

emission to  low emission 

From mechanics mining  

to chemical mining 

From destructive 

excavation to green mining 
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Decreasing of coal production in 

China 
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Decreasing of coal mines in 

China 

 By 2017, there are 4,980 

coal mines nationwide with 

a total capacity of 4.36 

gigaton. 

 3907 mines in production with 

capacity of 3.34 gigaton； 

 2061 mines output <0.3 

megaton, 5.1%； 

 1914 mines output 0.3~1.2 

megaton,5.3% ； 

 1005 mines output >1.2 

megaton，69.9% . 
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1782 coal mines 

3 gigaton, 68.2% 

70% coal 
70% GDP 



Decreasing of mine accident 

death in China 

9 

1 

16 

22 8.17 

0.16 0.1 

0

1

2

3

4

5

6

7

8

9

0

5

10

15

20

25

Productivity，ton/worker Death rate person/mt



Robotic mining is the future 

trend of coal industry 
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Intelligent key processes, robots 

replace the key posts, intelligent 

production process, intelligent 

factories in key fields. 

Increasing coal exploration 

efficiency and intelligence level. 
The key coal mine area basically 

realizes the unmanned mining in 

working face. 

China energy 

technology revolution 

innovation plan 

（2016 -2030） 

Robotic mining will be realized in 

China coal mines 



2 Recent researches in coal 

mine robotization in China 
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Mining robotic learns from animals 
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Elephant biomimetic supporter 

Lizard  biomimetic shearer 



Technical framework of 

underground robotic mining 
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Monitoring center 

Coal mine IoT  

Robotic mining equipment 

Positioning and 

navigation 

Virtual  mining 

and simulink  

In-situ condition 

monitoring 

 Visualization & 

modelling  

Smart sensing  & 

big data 



2.1 Localization based on inertial 

navigation + coal seam GIS 

• Experimental results: position 

error is about  50mm /300m. 

Building coal seam GIS map by 

seismic wave CT 

 Inertial navigation system 
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Attitude, orientation and 

positioning for coal seam shearer 

N 

encoder encoder INS /FOG 

Angle Attitude and 
orientation 

Driving 
speed 

cutting track 

treading track 

positioning 

Attitude and orientation 



Automated navigation strategy of 

long wall shearer 
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Field test results 



2.2 Automatic identification of 

coal-rock interface 
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Information fusion method 

Vibration sensors 

Electricity current sensors 

Rock cutting area 

Current sensing 

signal 

Identification error<0.04m 

• Multi - information fusion method 

Vibration sensing signal 



Coal-rock interface identification 

by terahertz method 

19 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
0

20

40

60

80

A
b

so
rp

ti
o
n
 /

 c
m

-1

Frequency / THz

 C1    C2    C3

 C4    C5    C6

 C7

 R1    R2    R3

 Absorption spectrum 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
0

1

2

3

4

5

6

7

8

 Ref

 C1  

 C2  

 C3

 C4   

 C5   

 C6

 C7

 R1   

 R2   

 R3

A
m

p
li

tu
d
e
 (

a
.u

.)

Frequency / THz

Wave in frequency domain 

-200 -150 -100 -50 0 50 100 150 200
-80

-60

-40

-20

0

20

40

60

80

 C1  C2  C3  C4  C5

 C6  C7  R1  R2  R3

P
C

2
 (

3
.5

)

PC1 (93.8%)

0 10 20 30 40 50 60 70
0.0

0.5

1.0

1.5

2.0

2.5

3.0

Rocks (R1-3)

 Actual

 Test

L
ab

el

Number of samples

Coals (C1-7)

2

2 2
1

( )
n

Tj

j
Tj j

A

i


  

  




 
 



High lorentz model 



2.3 Automate steering of long 

wall shearer 

20 

Self-adaptive control of four parameters 



①Adaptive control of driving speed 

 Proposed the online accurate identification and control of cutting 

models based on the fusion perception of cutting sound, vibration 

and thermal imaging 

峰态

均值

能量

PF分量 筛选

截割状态识别

三次三角Hermite

插值

生成上、下包络

曲线

LMD分解

改进的LMD截割振动信号

建立粗粒向量

设置尺度因子

生成粗粒序列

模糊熵

样本熵

时-频统计参数

多尺度特征提取

信号1的最优PF分量

信号2的最优PF分量

最优PF分量

支持向量机

神经网络

加速度

传感器1

加速度

传感器2

采集硬件

• The recognition rate of no-

load, cutting of floor, roof and 

hard coal seam is about 95%. 

• Error of the actual speed to  

the set speed is 0.025m/min. 

transducer thermal imaging Identification arithmetic 
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Recoded cutting sound signal 

Cutting coal Cutting rock 

Dirt band No-load 
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②Automate straightening of  

conveyor rail 
 Developed the automatic straightness detection, straightening 

reference algorithm and rectifying technology. 
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测量形状

实际形状
detection 

reference algorithm 
Error<1/1000 
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③Automate height adjustment of 

cutting drum 
 Double-direction adaptive height adjustment method for shearer 

drum is firstly developed based on the coal seam GIS.  
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煤层分段线性表示 

Seam angle 

shift height adjustment 

cutting height adjustment 

开采空间 截割线 
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④Automate adjustment of coal 

flow 
 On line measurement and 

feed-back control for coal 

flow on scrape conveyor 

输送机 

破碎机 
转载机 

刮板机 

 Two stage crushing and two 
grade transportation on 
workface. 

预破碎机 

转载机 
筛分破碎 

一体化装备 

分级破碎 

分流运输 

破碎机自适调控 

• Improve the productivity of lump 

coal and smoothness of coal flow.  
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2.4 The adaptive model for 

hydraulic support 

 The coupling dynamic model of surrounding rock 

–supporting mechanism-dynamic medium is 

established. 
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基本顶能量释放
模型 

围岩-支架耦合动力
学模型 

Model Analysis Design 
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2.5 Internet of things for mining 

workface 
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液压支架
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2.6 Remote monitoring & control 

Integrated 
monitor & 

control  

Remote 
control 

Remote automatic 

Remote manual 

On-site automatic 

On-site manual 

Remote 
monitor 

Virtual operation 

Equipment condition 

On-site video 
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Virtual 

display 

Condition 

display 

Video 

display 

Control unit at working face 
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3 Applications of robotic mining 

technology in China 

31 



 In the past five years, unmanned mining concept 

has been popular recognized. Over 70 unmanned 

coal mining workface have been built,70% works 

are reduced. 

Robotic mining technology is 

applied in coal mines in China 
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Example at Xiegou Coal Mine 

 Xiegou coal mine reaches the annul output upto 

10 megaton, the mining workface has 6 workers, 

acting for remote monitoring and controlling. 
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Summary remarks 

 Robotic mining promotes the unmanned mining for 

coal mines being more safety and more efficient.   

 Automatic sensing, autonomous learning, independent 

decision-making ability are three key issues for 

robotic mining.  

 China has planned to popularize the unmanned 

mining working face in 2030, by robotic technology. 

Nowadays, over 70 working faces of underground 

coal mine are in unmanned operation. 
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Thank you for your attention. 
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