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Abstract  Considering memory occupation and large amount of operation of the conventional coal mine roadway 3D point 

cloud information map modeling method, studied the roadheader cutting error detection and compensation control system based 

on 3D laser scanning. A driving roadway space modeling method based on point cloud data and 3D grid mapping is proposed. the 

roadway space is divided into limited grids to form a three-dimensional raster map of roadway space, and 3D grid is divided into 

multiple functional areas. Through the conversion between 3D lidar coordinate system and roadway coordinate system, the point 

cloud data measured by 3D lidar can be converted into roadway contour data. Cutting error compensation control model is 

established to realize the compensation control of roadheader cutting underexcavation. Through the experimental verification, 

when three-dimensional grid side length size is set to 10cm, raster map obtained by the cutting forming roadway 3D raster map 

modeling method in this paper is used to guide the operation of the roadheader cutting system, which can reduce the data 

processing capacity by 84.7% compared with the conventional point cloud map. It is verified that the method can be used to 

compensate and cut the underexcavated surrounding rock of the roadway.  
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1. Introduction 

With the continuous progress of science and 

technology, underground coal mine roadheader is 

developing in the direction of more complex, 

automatic and intelligent tunneling robot1. At present, 

the cutting operation of roadheader mainly depends 

on manual on-the-spot operation2. Manual control will 

not only increase the work intensity of coal miners, but 

also achieve low cutting control precision and large 

cutting forming error3. It is difficult to meet the 

requirements of the increasing production efficiency 

of coal mines and to realize the development needs 

of fewer and unmanned working faces4. In recent 

years, many experts and scholars have carried out in-

depth research on the key technologies of 

robotization of roadheader. 

The position and attitude measurement method of 

roadheader fuselage based on machine vision is 

studied in reference5 and the accurate measurement 

of roadheader angle error ≤ 0.5 °and displacement 
error ≤ 20mm is realized. The positioning technology 
of roadheader based on UWB ultra-wideband 

technology is studied in reference6, and the 

measurement accuracy of 10m internal heading angle, 

pitch angle and roll angle is up to 0.2 °. Aiming at the 

environment without GPS in coal mine, the lidar 

SLAM technology is proposed in reference7 to realize 

the pose estimation and environment map 

construction of the robot. The technology of coal and 

rock recognition based on different gray value and 

texture of coal and rock is put forward in reference8-9, 

which provides a basis for adaptive cutting of 

roadheader. A control technology of roadheader 

memory cutting is proposed in reference10, which 

realizes the accurate cutting shape of roadway, and 

the cutting error is less than 6 cm. A remote 

monitoring system of roadheader based on Linux 

operating system, airborne controller and mine ring 

network switch is proposed in reference11, which can 

realize remote remote control and emergency 

shutdown of roadheader. The response time of 

emergency fault automatic protection is 20.6 ms. The 

spatial coordinate system and kinematics model of 

roadheader are constructed in reference12, and the 

mathematical model of accurate positioning and 

trajectory planning and control of cutting head of 

roadheader is studied. The influence of the delay 

characteristics of the hydraulic system of the cutting 

part of the roadheader on the cutting error is studied 

in the reference13, which provides a basis for the 

research of the automatic and accurate forming of the 

roadheader. 

Intelligent roadheader needs to use high-precision 

sensors for autonomous positioning, environmental 

identification and modeling, autonomous cruising and 

autonomous cutting operations. The identification and 

modeling of roadway environment and the application 

of the results to assist roadheader autonomous 

cutting is an important key technology of roadheader 

robotization. At present, there are many researches 

and reports on three-dimensional scanning of 

roadway, such as reference14-15. The related research 

mainly focuses on how to realize three-dimensional 

scanning of underground roadway and how to use the 

point cloud data to construct underground three-

dimensional map16. The amount of point cloud data is 

huge. Without processing, it is impossible to directly 

distinguish the roadheader cutting error and guide the 

roadheader autonomous cutting operation. At 

present, there are few reports about the application of 

three-dimensional scanning technology to the 

autonomous cutting operation of roadheader. 

Therefore, this paper studies the roadheader cutting 

forming 3D scanning system and roadway space 

modeling method based on laser scanning and 3D 

raster map. In this sutdy, a driving roadway space 

modeling method based on point cloud data and 3D grid 

mapping is proposed. the roadway space is divided into 

limited grids to form a three-dimensional raster map of 

roadway space, and the 3D grid is divided into multiple 

functional areas. so as to provide a basis for the 

autonomous cutting operation of roadheader.

2. Composition of cutting error detection 
and compensation control system 

Roadheader is the main mechanical equipment for 

driving roadway in coal mine, and the outline of its cut-

ting roadway has been planned at the beginning of 

mine design. The roadheader needs to be cut accord-

ing to the pre-set trajectory and shape. When the 

roadheader fuselage is offset or the cutting part is im-

properly controlled, the cutting trajectory and shape 

will deviate from the expected parameters, thus form-

ing the cutting error. The cutting error is usually di-

vided into over-digging and underdigging, and the cut-

ting error of the roadheader is shown in fig. 1. 

Designed 

roadway profile

Allowable cutting 

error

underexcavation

Overexcavation

Allowable 

negative cutting 

error

Fig. 1 schematic diagram of cutting error of roadheader 

With the development of intelligent coal mine ma-

chinery, advanced detection technologies such as li-

dar and machine vision are more and more widely 

used in coal mine. In this paper, the three-dimensional 

scanning of the roadway section is carried out by us-

ing the lidar technology, and the point cloud data of 

the roadway section are obtained, which provides 

data support for the roadheader cutting error compen-

sation control system. The original point cloud data of 

lidar has a huge amount of information, which can 
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cover all the roadway outline information in a certain 

range around the lidar, as well as roadheader, opera-

tor and other obstacle information. This paper only 

studies the three-dimensional scanning system of the 

roadway. The filtering of obstacle information is not 

considered for the time being. The schematic diagram 

of the three-dimensional scanning system of the road-

header is shown in Fig. 2. 
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(b) principle diagram of 3D lidar scanning system 

Fig. 2 schematic diagram of 3D scanning system of roadheader 

The three-dimensional scanning lidar is installed in 

the front of the roadheader, which can scan the point 

cloud data of the roadway section and side side of the 

roadway cut out by the roadheader. Through the point 

cloud data processing system, the outline of the ac-

tual roadway is obtained. The current cutting error of 

the roadheader can be obtained by comparing with 

the roadway design size, and the feed, pitch angle, 

azimuth and roll angle compensation of the road-

header can be obtained by cutting compensation cal-

culation. Through the cutting operation controller, the 

amount of compensation is converted into control ex-

ecution instructions and input to the cutting operation 

actuator, which controls the rise and fall, rotation and 

telescopic of the cutting part of the roadheader to re-

alize the cutting compensation operation. 

The automatic cutting compensation control system 

of roadheader is mainly composed of sensing unit, ex-

ecution unit and control unit. The sensing unit is 

mainly composed of sensors such as cutting head po-

sition detection, cutting forming quality detection, 

roadheader fuselage posture detection and so on. 

The execution unit is composed of pumping station, 

valve group, hydraulic cylinder, motor and other exec-

utive components. The control unit processes and 

makes decisions on the input signal of the sensing 

unit, and outputs control instructions to the execution 

unit to control the position of the cutting head and the 

posture of the fuselage, so as to realize automatic cut-

ting and shaping. The composition of the automatic 

cutting and forming control system of the roadheader 

is shown in fig. 3. 
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Cutting section
Telescopic 

cylinder

Horizontal rotary 

cylinder
Lifting cylinder

Walking 

hydraulic 

motor

Cylinder 

displacement 

sensor
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Fig.3 composition of automatic cutting forming control system of road-

header 

3. Coordinate transformation of 3D scan-
ning system 

The measured data of three-dimensional lidar is 

based on its own coordinate system. in order to use 

the measured point cloud data to describe the road-

way profile and guide the roadheader automatic cut-

ting operation, it is necessary to convert the three-di-

mensional point cloud data to the roadway coordinate 

system. this transformation process needs to estab-

lish the transformation relationship between the three-

dimensional lidar coordinate system and the roadway 

coordinate system, in which the roadheader car body 

coordinate system is needed as the intermediate link 

in the transformation process. 

3.1 Coordinate system definition 

The transformation relationship of the three-dimen-

sional lidar coordinate system, the roadway coordi-

nate system and the roadheader car body coordinate 

system are shown in Fig.4. 

OV

ZV

XV

YV

OL

ZL

YL

XL

OT

ZT

XT

YT

Oh

Xh

Zh

Yh

Fig. 4 schematic diagram of coordinate system definition 

(1) 3D lidar coordinate system  
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Because the three-dimensional lidar relies on the 

two-dimensional rotating device to measure the sur-

rounding environment information, the three-dimen-

sional lidar obtains the original point cloud data in the 

form of polar coordinates. The car body coordinate 

system and roadway coordinate system of road-

header are usually in the form of Cartesian coordinate 

system, so it is necessary to convert the polar coordi-

nate system of three-dimensional lidar to Cartesian 

coordinate system OLXLYLZL: 

L

L

L

cos sin

cos cos

sin

x

y d

z

 
 


   
      
             (1) 

(2) Roadheader body coordinate system  

OVXVYVZV is used to represent the coordinate sys-

tem of roadheader car body. The OVXVYVZV coordi-

nate system is established at the bottom of the road-

header, which is used to describe the position and at-

titude of the roadheader and roadway coordinate sys-

tem. The direction of each axis in the roadheader 

body coordinate system OVXVYVZV is defined as fol-

lows: 

The X axis is set to coincide with the bottom center-

line of the roadheader and points to the front of the 

fuselage; the Z axis is set perpendicular to the floor of 

the roadheader and points to the roof; and the Y axis 

is determined by the right hand through the X axis and 

Z axis.  

(3) Roadway coordinate system 

OTXTYTZT is used to represent the roadway coordi-

nate system, and the roadway coordinate system is 

used to locate the roadheader and the roadway sec-

tion. The position relationship between the roadway 

section coordinate system OhXhYhZh and the roadway 

coordinate system OTXTYTZT is compared in real time, 

and the heading correction and section forming con-

trol of the roadheader are carried out. The coordinate 

system OTXTYTZT of the roadway is usually set at the 

tangent point of the roadway. The X axis is set to co-

incide with the centerline of the bottom of the roadway 

and points to the front of the tunneling; the Z axis is 

set perpendicular to the roadway floor and points to 

the roof; and the Y axis is determined by the right 

hand rule through the X axis and Z axis. 

3.2 Conversion between 3D lidar coordinate 
system and roadway coordinate system 

The transformation between three-dimensional li-

dar coordinate system and roadway coordinate sys-

tem needs three links: (1) the conversion from three-

dimensional lidar coordinate system to roadheader 

car body coordinate system; (2) the conversion from 

three-dimensional lidar coordinate system to roadway 

coordinate system; (3) the conversion from three-di-

mensional lidar coordinate system to roadway coordi-

nate system. The conversion between 3D lidar coor-

dinate system and roadway coordinate system re-

quires three links as shown in Fig.5. 
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Fig. 5 conversion between 3D lidar coordinate system and roadway coor-

dinate system 

(1) Conversion from 3D lidar coordinate system to 

Roadheader car body coordinate system 

The conversion relationship between the three-di-

mensional lidar coordinate system and the road-

header body coordinate system can be described by 

a rotation matrix R and a translation matrix T. The 

translation matrix T can coincide the origin of the 

three-dimensional lidar coordinate system with the 

roadheader body coordinate system through transla-

tion transformation. The rotation matrix R makes the 

three-dimensional lidar coordinate system consistent 

with the Euler angle of the roadheader body coordi-

nate system through angle transformation. The con-

version relationship between 3D lidar coordinate sys-

tem and roadheader body coordinate system can be 

obtained: 

     

V 1L

V 1 L 1

LV 1

1L

1 1 1 1 1 1 L 1
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y y y

zz z

xx

y y

z z

  

    
         
        

  
      
     

R

R R R
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where

 1 1 1 1

1 1
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0 cos sin

0 sin cos

  
 

 
   
  

R ;

 
1 1

1 1

1 1

cos 0 sin

0 1 0

sin 0 cos

 


 

 
   
  

R ;

 
1 1

1 1 1 1

cos sin 0

sin cos 0

0 0 1

 
  

 
   
  

R . 

(2) Transformation from Roadheader car body co-

ordinate system to roadway coordinate system 

As mentioned above, the transformation from 3D li-

dar coordinate system to roadway coordinate system 

is also realized by a rotation matrix R and a translation 

matrix T. 
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(3) conversion from 3D lidar coordinate system to 

roadway coordinate system.  

Finally, the transformation from 3D lidar coordinate 

system to roadway coordinate system can be ob-

tained by the above two processes: 

1 2T L

T 2 1 L 1 2

T L 1 2

t t

t t

t t

x xx x

y y y y

z z z z

       
                
               

R R

  (4) 

Through the conversion between the three-dimen-

sional lidar coordinate system and the roadway coor-

dinate system, the point cloud data measured by the 

three-dimensional lidar can be converted into the 

outer contour data of the roadway, so as to analyze 

the error of the cutting profile of the roadheader, and 

carry out the shape cutting control and deviation cor-

rection control of the roadheader in real time. 

4. Cutting error detection 

Three-dimensional lidar can scan the surface of all 

objects such as ground, equipment and personnel in 

a certain range around it, and get the point cloud data 

of the object surface, so the amount of original point 

cloud data of three-dimensional lidar is very large and 

complicated. At present, there are mainly four kinds 

of map building methods, namely, feature map 

method, topological map method, direct representa-

tion method and raster map method. The raster map 

method divides the real world environment into a se-

ries of virtual grids with specific size, and realizes the 

modeling of real world features by judging whether 

each virtual grid is occupied or not. 

In this paper, a driving roadway space modeling 

method based on point cloud data and 3D grid map-

ping is proposed, which divides the roadway space 

into limited grids to form a three-dimensional raster 

map of roadway space, as shown in Fig.6. 

Outer outline 

of roadway 

design

Virtual 3D 

grid

Undrivable 

grid area of 

roadway

Drivable grid 

area of roadway

Error grid area in 

roadway profile

Error grid area 

outside roadway 

profile

Fig. 6 schematic diagram of three-dimensional grid map of roadway space 

In order to show clearly, the size of the grid is en-

larged. In fact, the size of the grid should be centime-

ters. The three-dimensional grid is divided into four 

regions: drivable grid area of roadway, undrivable grid 

area of roadway, error grid area within roadway profile 

and error grid area outside roadway outline. The 

boundary between the error grid area in the roadway 

outline and the error grid area outside the roadway 

outline is the outer outline of the roadway design. 

Roadway drivable grid area: the space occupied by 

the roadway rock mass that is expected to be exca-

vated by the roadheader. 

The grid area of the roadway cannot be excavated: 

the space occupied by the roadway rock mass exca-

vated by the roadheader is not expected. 

Error grid area in roadway profile: the grid space 

occupied by the positive error of the cutting error al-

lowed by the roadheader. It is usually required that 

the cutting error of the roadheader is + 10cm, then the 

error grid area in the roadway profile is the space oc-

cupied by the 10cm rock mass outside the outer out-

line of the roadway design. 

Error grid area outside the roadway profile: the grid 

space occupied by the negative error of the cutting 

error allowed by the roadheader. The negative cutting 

error of the roadheader is usually required to be-10cm, 

so the error grid area in the roadway profile is the 

space occupied by the 10cm rock mass within the 

outer outline of the roadway design. 

The point cloud data obtained by lidar is mapped to 

the three-dimensional raster map of roadway space 

through the coordinate transformation of formula (5). 

Usually, multiple point cloud data will be included in a 

virtual three-dimensional grid, on the one hand, the 

processing amount of point cloud data can be greatly 

reduced, on the other hand, the environmental infor-

mation of underground roadway in coal mine can be 

better represented by raster map. by comparing with 
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the expected raster information, the over-underexca-

vated position and grid number of the roadheader can 

be identified for the roadheader to control the cutting 

error. The schematic diagram of the process of estab-

lishing a three-dimensional grid map of roadway 

space is shown in Fig.7. 

Position and attitude update 

of roadheader
Lidar 3D scanning 3D point cloud data

In the grid area 

that can be dug?

The grid belongs to 

the undercut grid.

In the grid area 

where it is not 

possible to dig?

The grid belongs to 

the overdug grid.

In the internal 

and external 

error grid?

The grid belongs to 

the grid within the 

normal error range.

Local mapping between 

point cloud and grid

Grid display

Global mapping of 

roadway map

Fig. 7 schematic diagram of the establishment process of three-dimensional raster map of roadway space 
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The working process of the 3D scanning system is as 

follows: 

Step 1: taking the origin of the roadway coordinate 

system OTXTYTZT as the starting point (that is, the open-

ing point of the roadway), according to the designed 

roadway driving trajectory and size, with the preset grid 

size, a three-dimensional grid map of the roadway 

space is established. Each grid cell includes a three-

element vector origin for the starting point of the grid 

cell, a three-element vector EDGE (E1, e2, E3) for the 

edge length of the grid cell, and a grid unit occupation 

state parameter sm (initialization sm=0). 

Step 2: according to the designed roadway section, 

the three-dimensional grid is divided into drivable grid 

area, undrivable grid area, error grid area within road-

way profile and error grid area outside roadway profile. 

Step 3: start the three-dimensional lidar, scan the 

surrounding environment, and obtain the point cloud 

data on the roadway surface. 

Step 4: map the point cloud data to the 3D grid 

through coordinate transformation. The occupied grid 

cell occupies the state parameter sm = 1. 

Step 5: determine the block in which the occupied 

grid unit is located in the occupied state parameter sm 

= 1. If the occupied grid unit is located in the driveable 

grid area of the roadway, it shows that the grid belongs 

to the underexcavated residual rock mass. If the occu-

pied grid unit is located in the undrivable grid area of 

the roadway, it shows that the grid belongs to the over-

excavated exposed rock mass. If the occupied grid unit 

is in the error grid area of the roadway outline and the 

error grid area outside the roadway outline, it shows 

that the grid belongs to the rock mass within the allow-

able range of cutting error. 

When dividing the three-dimensional grid, the smaller 

the size of the three-dimensional grid, the finer the char-

acteristics of the roadway environment described, the 

greater the amount of calculation and processing infor-

mation, and the worse the efficiency and real-time per-

formance of three-dimensional scanning, so it is neces-

sary to select the appropriate size of the three-dimen-

sional grid. The cutting error of the roadheader is usu-

ally required to be ±10cm. In order to clearly describe 

the over-underexcavation of the roadway by the road-

header, the three-dimensional grid size should be ≤
5cm × 5cm × 5cm. 

5. Cutting error compensation control 

When cutting the roadway boundary, the cutting 

head of the roadheader mainly depends on the cutter 

of the ball crown to cut the coal and rock. in order to cut 

out the preset roadway profile, the cutting head ball 

crown should be tangent to the roadway boundary to 

avoid the phenomenon of over-underexcavation. The 

target grid of underexcavation compensation corre-

sponding to underexcavated surrounding rock is ob-

tained through the cutting error detection system, and 

the midpoint of the grid boundary is taken as the target 

point of cutting compensation control. the coordinate 

value of the middle point of the grid boundary in the 

roadway space is equal to the coordinate of the cutting 

head and the cutting point of the roadway boundary, 

and the cutting compensation control can be completed 

by controlling the movement of the cutting head to the 

corresponding position. The schematic diagram of error 

compensation control for undercut is shown in fig. 8. 

Z4

X4
Y4

Roadway width B

θ1

r

Overexcavation 

grid

uderexcavation 

grid

Uderexcavation 

compensation target 

grid Allowable 

cutting error

Allowable 

negative 

cutting error

Designed roadway 

profile

Fig. 8 schematic diagram of cutting compensation control 

Therefore, it is necessary to deduce the relationship 

between roadway width B, spherical crown diameter r, 

roadheader yaw angle θ1 and lifting angle θ2. 

1

2

2sin
cos

B
r

L







             (5) 

The coordinate vector of the tangent point between 

the cutting head ball crown and the roadway boundary 

in the cutting head coordinate system is 4pOT=[rsinθ2

r(1-cosθ2sinθ1)  rcosθ2sinθ1  1]T。References [8-11] 

have established a coordinate system that can deter-

mine the motion and attitude relationship of the road-

header cutting head relative to the roadway space, and 

the establishment process will not be repeated here. 

The kinematic coordinate system of the roadheader is 

shown in fig 9. 
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Fig.9 kinematic coordinate system of roadheader 
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From the kinematics model of the cutting head, the 

coordinate transformation of the tangent point between 

the cutting head ball crown and the roadway boundary 

relative to the roadway coordinate system can be 

obtained. 

T 1 T 2 T 3 4

T 1 T 2 T 3 4

T 1 T 2 T 3 4

x u u v u w u u

y u v v v w v v

z u w v w w w w

   
    
            (6) 

where u1=cosθ1；u2=-sinθ1cosθ2；u3=- sinθ1sinθ2；
u4=-(a3+a4+d)sinθ1cosθ2-a2sinθ1；v1= sinθ1；v2=cosθ1

cosθ2；v3=- cosθ1sinθ2；v4=(a3+a4+d) cosθ1 cosθ2+a2

cosθ1+a1+a0+d0 ； w1=0 ； w2=sinθ2 ； w3=cosθ2 ；
w4=(a3+a4+d)sinθ2 +b2+b1+b3 。 uT= rsinθ2； vT= r(1-

cosθ2sinθ1)；wT= rcosθ2sinθ1。
The movement of the cutting head cutting roadway is 

controlled by the rotation of the turntable (horizontal ro-

tation angle θ1), the rise and fall of the cutting part (ver-

tical lifting angle θ2), and the movement of the tele-

scopic part (d). In fact, these three variables are com-

pleted by the expansion of the corresponding cylinder. 

When the turntable rotates, the cylinder expansion con-

trol model is shown in fig. 10. 

Fig. 10 control model of oil cylinder expansion and contraction when rotary 

table rotates 

In fig. 10, O is the center of rotation; An is the hinge 

point between the rotary cylinder and the fuselage on 

one side; B1 is the hinge point between the rotary cyl-

inder and the cutting part; when B1 is the initial position 

(θ1=0) the rotary cylinder and the cutting part are hinged, 

when the cylinder length is L1bot B2 is the hinged joint 

between the rotary cylinder and the cutting part after 

the telescopic cylinder extendsΔl1; R1 is the rotary ra-

dius of the turntable; h1 is the distance between the 

hinge point A and the rotary center O; and γ1 is the an-

gle between the straight line OA and AB1 in the initial 

position. γ2 is the angle between the line OA and AB2, 

and L2 is the length of the line segment B1B2. Accord-

ing to the geometric relationship, the relationship be-

tween the horizontal rotation angle θ1 and the cylinder 

expansion Δ l1 can be calculated. 
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The cylinder expansion control model during the rise 

and fall of the cutting part is shown in fig. 11. 

Fig. 11 control model of cylinder expansion when the cutting part is lifting 

In fig. 11, O4 is the lifting slewing center; J0 is the con-

nection between the lifting cylinder and the turntable; J1

is the hinge point between the lifting cylinder and the 

cutting part when J1 is the initial position (θ2=0), and the 

length of the cylinder is L3 at this time. J2 is the hinge 

point between the cylinder and the cutting part after the 

cylinder protrudes Δ l2. R2 is the radius of J2 and O4; H2

is the distance between J0 and O4; γ3 is the angle be-

tween the straight line J0J1 and JO4 in the initial position; 

γ4 is the angle between lines J0 J2 and J 1O4. L4 is the 

length of segment J1J2. According to the geometric re-

lationship, the relationship between the lifting angle θ2

and the cylinder expansion Δ l2 can be calculated. 
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6. Experimental study 

As the resolution and scanning range of the existing 

three-dimensional scanning lidar on the market have 

been solidified, it is not easy to change at will, so in or-

der to facilitate the experiment, the author has made a 

three-dimensional scanning system testing device. 

The testing device of 3D scanning system is mainly 

composed of two-axis rotating platform and laser rang-

ing sensor. The dual-axis rotating platform is driven by 
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a stepper motor with a minimum resolution of 0.02 °and 

a worm gear and worm transmission ratio of 1:90. Us-

ing the three-dimensional scanning system, the three-

dimensional scanning experiment is carried out for the 

simulated roadway environment, and the point cloud di-

agram of the simulated roadway environment is shown 

in Fig.12. Among them, the (a) diagram is the result of 

a single scan, and the, (b) diagram is the superposition 

of the three scan results obtained by the roadheader for 

three times of propulsion. 
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Fig. 12 Point cloud diagram simulating roadway environment 

It can be seen that the amount of data of the point 

cloud map simulating the roadway environment is huge, 

and the number of point clouds per scan is as high as 

46104. If the point cloud is used to model the roadway 

profile, if the data is used to directly guide the road-

header cutting system to compensate for overexcava-

tion and underexcavation, it will take up a lot of compu-

ting resources of the cutting control system and cause 

a huge burden on it. 

The point cloud map obtained by three-dimensional 

lidar describes a large number of details of roadway 

surrounding rock, which is a lot of unnecessary details 

for roadheader cutting system. The raster map ob-

tained by using the 3D raster map modeling method of 

cutting roadway in this paper is shown in Fig.13. 
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Fig. 13 3D raster map modeling of cutting roadway 

The raster map obtained by the three-dimensional 

raster map modeling method of the cutting roadway in 

this paper is used to guide the operation of the road-

header cutting system, and each cutting only needs to 

process the final 7040 raster information. compared 

with the conventional point cloud map, the amount of 

data processing can be reduced by 84.7%, which 

greatly reduces the burden of the processor of the cut-

ting system. 



10 

The cutting error compensation control method stud-

ied in this paper is used to compensate and cut the un-

derexcavated surrounding rock of the roadway. In the 

process of compensating cutting, the controller auto-

matically issues motion instructions to the roadheader's 

horizontal rotation angle θ1, vertical lifting angle θ2 and 

push d, as shown in fig. 14. 
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Fig. 14 cutting compensation control instruction 

Once again, the simulated roadway after compensa-

tion cutting is scanned in three dimensions, and the ras-

ter map is shown in fig. 15.  
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Fig. 15 3D raster map modeling of roadway after compensation cutting 

Compared with the three-dimensional raster map in 

figure 14, it can be seen that the underexcavated grid 

has disappeared, indicating that the underexcavated 

surrounding rock of the roadway can be compensated 

by using the cutting error compensation control method 

studied in this paper. 

7. Conclusion 

This paper studies the cutting error detection and 

compensation control system of roadheader based on 

three-dimensional laser scanning. The main contents 

are as follows: 

 (1) A driving roadway space modeling method 

based on point cloud data and three-dimensional grid 

mapping is proposed. the roadway space is divided into 

limited grids to form a three-dimensional raster map of 

roadway space, and the three-dimensional grid is di-

vided into multiple functional areas. so as to provide a 

basis for the autonomous cutting operation of road-

header.  

(2) when the three-dimensional grid side length size 

is set to 10cm, the raster map obtained by the cutting 

forming roadway 3D raster map modeling method in 

this paper is used to guide the operation of the road-

header cutting system, which can reduce the data pro-

cessing capacity by 84.7% compared with the conven-

tional point cloud map, and greatly reduce the burden 

of the cutting system processor.  

(3) it is verified by experiments that the cutting error 

compensation control method studied in this paper can 

be used to compensate and cut the underexcavated 

surrounding rock of the roadway. 
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