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Abstract: The decision of the inflection point is the key to ensure automatic section cutting precision using a boom-type 
road header. In this paper, cutting precision model was set up for the first time to trapezoidal section and a method deter-
mining inflection point is given. Considered the cutting head’ projection at section is elliptical with the cantilever’s joint 
variable. The relationship between ellipse curve and cutting section boundary was investigated, and thereby sets up the 
cutting precision model. Approximate iterative method is used to finding the optimal inflection point, of which takes the 
cutting precision as the objective function. Compared with the traditional process path planning method, the forming ac-
curacy can be improved greatly and controlled within 1mm. Through MATLAB simulation, it is proved that this method 
is correct and valid. 
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1. INTRODUCTION 

 Section automatic forming is known as an important 
research direction in the development of the automation of 
boom-type roadheader [1-3]. Precise forming can obtain reg-
ular section shape and size, thereby reducing the useless 
amount of excavation and filling [4]. Completed the cutting 
operation along the process path, the envelope generated by 
the cutting head is profile curve of section. The forming ac-
curacy of section is determined by the position of the inflec-
tion point on the process path; however, in most literatures 
[5-8], the inflection point is determined by simply using the 
method that boundary position minus the cutting head radius, 
which tends to produce less cutting or extra cutting. Through 
the establishment of pick coordinate, the literature [9] gives 
the formula of determining inflection point in the rectangular 
section, which can accurately calculate the projection coor-
dinate on inflection point in the section, however, this meth-
od is not suitable for special section, such as trapezoidal and 
circular arch. This paper proposed a method of determining 
the inflection point position in trapezoid section and circular 
arch section. First, the position relationship is established 
between the curve equation and the boundary of section 
based on the projection curve of cutting head, the approxi-
mate value of the inflection point is given, and then distance 
between the maximum cutting point formed by the pick and 
section boundary is taken as the objective function, finally, 
the optimal inflection point is found to ensure cutting preci-
sion by 'approximate iterative method. 

 
 

2. THE ESTABLISHMENT OF MATHEMATICAL 
MODEL AND THE OPERATION PROCESS ANALY-
SIS OF BOOM-TYPE ROADHEADER 

2.1. The Establishment of Mathematical Model of Boom-
Type Roadheader 

Boom-type roadheader is mainly composed of a cutting 
head, a telescopic part, cantilever, frame, rotary table, a drive 
cylinder, hydraulic and electrical system etc. The boom-type 
roadheader’s working device coordinate system and connect-
ing rod parameters as shown in Fig. (1). 

 

 

Fig. (1). Roboticized roadheader model and connecting rod parame-
ters. 

After solving for boom-type roadheader’s working de-
vice kinematics, homogeneous transformation matrix of the 
end cutting head coordinates relative to the bodywork's co-
ordinate system can be obtained: 
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Where, !1  !2  and d are the joint variables, a1, a2, a3, a4, 
b1, b2 and b3 are the connecting rod constants. 

Coordinate vector of the cutting head’s center point 4O  in 
the coordinate system 4 4 4 4O X Y Z−  is 4 [0 0 01]Tp = . By the 

  
0 p = 4

0T ! 4 p = [0x 0 y 0z 1]T , coordinate of the cutting head’s 
center point in the bodywork's coordinate system is: 
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2.2. The Operation Process Analysis of Boom-Type 
ROADHEADER 

The boom-type roadheader’s cutting operation generally 
use the cutting process path as shown in Fig. (2) (with 
rectangular section as an example): Forming control of the 
boom-type roadheader based on path planning and trajectory 
planning. When the section is given in the forms and the 
specific size, according to the step length, first we can de-
termine the coordinate sequence 

  
(x0 , y0 ),(x1, y1),... ...(x j , y j ){ }  of 

the inflection point in section coordinate planes, then accord-
ing to the sequence of the path planning, straight line trajec-
tory planning for two adjacent elements in turn. Thus we can 
get a S-shaped process path that traverses the entire presec-
tion.  

3. PRECISION FORMING THEORY OF SECTIONAL 
CONTOUR 

After the section of the form given, section real boundary 
is formed when the projection curve of pick and the bounda-
ry of the predetermined section tangent. The position of the 
inflection point should be based on this principle to deter-
mine. Pick coordinate system is shown in Fig. (3), and set 
coordinate vectors of the pick i which formed the section 
boundary in the coordinate system   O4-X4Y4Z4  is: 

  
4 p = [ 4xi

4 yi
4zi 1]  (3) 

So, coordinate of the pick i relative to bodywork's coor-
dinate system   O0-X0Y0Z0  is: 

   
0 p = 4

0T ! 4 p = [0xi!
0 yi

0zi 1]T  (4) 

When roadheader do the cutting work, cantilever swing 
speed is much slower than cutting head rotating speed, thus 
cutting track of pick at each time point can be expressed as a 
circular trajectory around the cutting head axis. In the 

  O4-X4Y4Z4 , parameter equation of the circular trajectory can 
be expressed as: 

  

4xi = ris!
4 yi = ric!
4zi = zi
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Where, !  is the angle between the pick coordinate vector 
and the positive direction of the horizontal axis in the plane 

  O4Y4Z4  and  ! "[0,2# ] , ri is i-th pick relative to the   Z4  ax-
is radius. 

Simultaneous Equation (1) (3) (4) (5) get the curve equa-
tion of pick’s cutting track in the bodywork's coordinate sys-
tem. 
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Fig. (2). Enactment of cutting path. 

 

 
Fig. (3). Pick coordinates system. 
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Projection equation in the vehicle coordinate plane is: 

  

0 yi = a2s!1 + b3c!2s!1 " ric!
'c!1 " zis!1s!2 " (a3 + a4 + d )s!1s!2 + ris!1c!2s!

'

0zi = "b3s!2 " zic!2 " (a3 + a4 + d )c!2 " ris!2s!
'

#
$
%

 (7) 

Where,  !
'  is the angle between the pick coordinate vec-

tor and the positive direction of the horizontal axis in the 
plane   O0Y0Z0  and  !

' "[0,2# ] . 

By Equation (7), we can see that in addition to the cutting 
head center at the origin of coordinates, with the changes of 

 !1  and  !2 , the projection equation of pick’s cutting track in 
the vehicle coordinate plane are ellipse with different shape. 

4. THE DETERMINATION OF THE INFLECTION 
POINT POSITION IN THE PROCESS PATH 

4.1. Rectangular Section 

The cutting range of the cantilever left swing, downward 
swing and upward swing was analyzed in the literature [9]. 
When the cutting head cutting the upper boundary, we put 

  
! = pi

2
 into Equation (6), and get the 

0
3 2 3 4 2( ) [ ]i i iz r b s z a a d cθ θ= − + − + + +    (8) 

When the cutting head cutting the lower boundary, we 

put 
  
! = 3pi

2
 into Equation (6), and get the 

0
3 2 3 4 2( - ) [ ]i i iz r b s z a a d cθ θ= − + + +  .   (9) 

Putting  hu  and  hd  which is the ordinate of the rectangu-
lar section’s upper and lower boundary into Equation (8) - (9) 
find out the corresponding cantilever swing angle  !2 . Fur-

ther, the ordinate   
0 zu  and   

0 zd  of the cutting head center can 
be calculated by Equation (2) (see Fig. 4). 

Setting the given reference step length is   l ' , the actual 
step length can be calculated by Equation (10). 

  

l =
0zu -0zd

ceil(
0zu -0zd

l ' )
 (10) 

The number of the inflection point in the whole process 
path is: 
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The ordinate of all the inflection point is: 

  z2n+1 = z2n+2 =
0zu + nl  (12) 

 Where 
  
n = 0,1,2,...,ceil(

0zu -0zd

l ' ) . 

We only discuss the situation when the cutting head cuts 
the section’s right boundary. Put  ! = 0  into Equation (6) and 
get the 

  
0 yi = ric!1 + [b3c!2 " (zi + a3 + a4 + d )s!2 + a2]s!1    (13) 

Putting the corresponding cantilever swing angle 2θ of 
the inflection point near the right boundary (1,4,5,8) and the 
abscissa  br  of the rectangular section’s right boundary into 

Equation (13) find out the cantilever swing angle  !1 . Further, 

the abscissa 
 
y j  of the cutting head center can be calculated 

by Equation (2). 

 

Fig. (4). The determination of inflection point in the rectangular section. 
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In this way, it can calculate all the position of the inflec-
tion point on the process path of the rectangular section au-
tomatic forming. 

4.2. Trapezoidal Section 

When the cutting head cut bevel edge of trapezoidal, the 

angle
  
! " 0, pi

2
, 3pi

2
 between the pick coordinate vector and 

the positive direction of the horizontal axis, so inflection 
point cannot be determined by the above method. This paper 
uses "approximate iterative method" to determine the posi-
tion of the inflection point for the trapezoidal section. The 
solving method for  !2  corresponding to the each inflection 
point position is the same as rectangular section. Taking the 
first inflection point as an example, the method is as follows. 

1) Preset the iteration variable of the initial value 
First, determine the corresponding boundary point of the 

first point Q (see Fig. 5). 
Equation of the trapezoidal bevel is: 

  (hd ! hu )y ! (bd ! bu )z + (hu ! hd )bd = 0  (14) 

 Putting the ordinate of the first inflection point into 
Equation (14) finds out the abscissa   b1  of the boundary point 

Q. And putting   b1 and  !2  of the first inflection point into 

Equation (13) find out the  !1  of the first inflection point, 

and as the initial value assigned to the  !1(0) . 

2) The establishment of the iterative formula 
Derivation of the Equation (7), derivative of the cutting 

trajectory of the pick in the plane is: 
 

  

d 0zi

d 0 yi

= -
ric!

's!2

ric!1s!
' + ric!2c!

's!1

 (15) 

Corner of the trapezoid section: 

  
!T = a tan(

bu -bd

hu -hd

)  (16) 

Let
  
-

ric!
's!2

ric!1s!
' + ric!2c!

's!1

= tan!T , Put  !1(0)  and  !2 into 

equation to find  !
'  (take   !

' < pi ). 

Putting  !1 ,  !2  and  !
'  into Equation (7) to get poin   P0

  
[0 yiq , 0ziq ]  of which curvature in the projection curve is 
equal to the slope of the trapezoidal bevel. This is the maxi-
mum cutting point of pick. 

  (bd ! bu )y ! (hu ! hd )z + m = 0  (17) 

Put point 
  
[0 yiq , 0ziq ]  into Equation (17) to get parame-

ter m. 

 Simultaneous Equation (13) (14) solve the coordinates 

  P1   
[0 yij ,

0zij ]  which is the intersection of two straight lines. 
The modified inflection point coordinate can be got by the 
cutting head center coordinates move with the vector 
0 0[ - ,0]ij iqy y . New !1(1)  can be calculated by Equation (2). 

3) To control the iterative process 
The objective function is defined as: 

0 0 2 0 0 2( ) ( )iq ij iq ijF y y z z= − + −
. 

 

 
Fig. (5). The determination of inflection point in the trapezoidal section. 
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The change of the pick‘s projection curve will be further 
caused in the plane   O0-Y0Z0  when the center position of 
the cutting head changes. When the trapezoidal section base 
angle is small, only one correction for inflection point on the 
process path cannot achieve precise cutting. Repeat the 
above process, iteration process will be end when the objec-
tive function F is less than the preset error. The correspond-
ing cantilever swing angle  !1  of the entire inflection point 
can be obtained by this method. 

4.3. Circular Arch Section 

 The main reaserch of the circular arch section is the 
decision of inflection point when cantilever cut the vault. 
This paper also uses "approximate iterative method" to de-
termine the position of the inflection point for the circular 
arch section. Circular arch section comprises the rectangular 
part and the vault part. The inflection point in the rectangular 
section can be determined by the above method. To the in-
flection point Gj+1 as an example when the cutting head 
forms the vault and side of the sction. 

1) Preset the iteration variable of the initial value 

First, determine the corresponding boundary point of the 
first point Q (see Fig. 6). 

Equation of the vault is: 

  

y = rc! '

z = rs! ' + (hg -r)

"
#
$

%$
 (18) 

Where,
  
r =

(hg ! h)2 + b2

2(hg ! h)
, 

  
! "[asin(

r # (hg # h)
r

),  

  
pi ! asin(

r ! (hg ! h)
r

)] , 
  
b,h,hg  as shown in Fig. (6). 

Putting the abscissa of the last inflection point in the 
rectangular part into Equation (18) find out the ordinate   b1  

of the boundary point Q. And putting   h1  into Equation (8) 

find out the  !2  of the 
  
Gj+1 , and as the initial value assigned 

to the  !2(0) . Taking  !1  of the 
 
Gj  as the initial value as-

signed to  !1(0) . 

2) The establishment of the iterative formula 
Derivation of the Equation (18), get the vault tangential 

equation: 

  

d 0z
d 0 y

= ! c" '

s" '  (19) 

Let
  
-

ric!
's!2

ric!1s!
' + ric!2c!

's!1

= - c! '

s! ' , Put  !1(0)  and  !2  into 

equation to find  !
'  (take   !

' < pi ). 

Putting  !1 ,  !2  and  !
'  into Equation (7) and (18) to get 

point   P0   
[0 yiq , 0ziq ] and   P1   [

0 yih , 0zih]  .   P0  curvature in the 

projection curve is equal to the   P1  curvature in the vault cur-
ve. This is the maximum cutting point of pick. 

Vertical movement of the cutting head center will lead to 
the change of the pick‘s maximum cutting point in the hori-
zontal direction. 

Let 
  
-

ric!
's!2

ric!1s!
' + ric!2c!

's!1

= 1 , Put  !1(0) and  !2(0) into 

equation to find  !2
' . 

 
Fig. (6). The determination of inflection point in the circular arch section. 



1426    The Open Automation and Control Systems Journal, 2015, Volume 7 Hang et al. 

Putting  !1 ,  !2  and  !2
'  into Equation (7) to get point   P2

  [
0 yis ,

0zis] . This is the maximum cutting point of pick in the 
horizontal direction. 

The modified inflection point coordinate can be got by 
the cutting head center coordinates move with the vector 

  
[0 yis ! b, 0zih-0ziq ] . New  !1(1)  and  !2(1)  can be calculated 
by Equation (2). 

3) To control the iterative process 
The objective function is defined as: 

  
F = max ( 0 yiq !

0 yih )2 + ( 0ziq !
0zih )2 , 0 yis ! b{ } . 

Repeat the above process, iteration process will be end 
when the objective function F is less than the preset error. 

 

4. THE SIMULATION AND VERIFICATION 

Taking EBJ-132 boom-type roadheader as an example, 
MATLAB can be used for simulation and verification of 
section automatic forming. The basic parameters of EBJ-132 
roadheader:   a1  =1145mm,   b1  =720mm,   a2  =720mm,   b2

=80mm,   a3 =2050mm,   b3 =100mm,  !1 = -39°~ + 39° , 

 !2 = -31°~ + 42° , d =0~800 mm. Set pick i which forms the 
section boundary in the cutting head relative to the Z axis’s 
radius is 300mm, zi =-200mm. Set step length is 500mm and 
the cutting precision is 1mm.  

Set trapezoidal roadway section’s under width x upper 
width x height is 3000mm x 1800mm x 1800mm. The simu-
lation map of the trapezoidal section automatic cutting pro-
cess path as shown in Fig. (7). 

 

 

(a) Adopt the literature [9] method 

 

 
(b) Approximate iterative method 

Fig. (7). The simulation diagram of process path. 
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Set circular arch roadway section’s under width x upper 
width x height is 2000mm x 2000mm x 2300mm. The simula-
tion map of the circular arch section automatic cutting pro-
cess path as shown in Fig. (8). 

Fig. (7, 8) shows that using the literature [9] method to 
determine the inflection point in the process path will pro-
duce obvious less or extra cutting (usually reach 100 mm). 
However, thought this paper method to calculate the inflec-
tion position and determine the process path can achieve 
precise forming of section (the cutting error can be con-
trolled within 1mm). 

CONCLUSION 

1) The cutting precision model was set up for the first 
time  to trapezoidal section and circular arch section; 

2) Taking the cutting precision as the objective function 
"approximate iterative method" was used to find inflection 
point to trapezoidal section and circular arch section in au-
tomatic forming process path; 

3) The algorithm is implemented by using MATLAB, 
and proved to be correct through the simulation on trapezoi-
dal cross section and circular arch section; 

4) This method is applicable not only to trapezoidal sec-
tion and circular arch section, but also can be extended to 
non-rectangular section, and has a certain universal. 
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(a) Adopt the literature [9] method 

 

 
(b) Approximate iterative method 

Fig. (8). The simulation diagram of process path. 



1428    The Open Automation and Control Systems Journal, 2015, Volume 7 Hang et al. 

ACKNOWLEDGEMENTS 

Declared none. 

REFERENCES 
[1] T. Minming, K. Dongliang, and L. Peng, “Research on Automatic 

Section Cutting Control of Roadheader”, In: International Confer-
ence on Measuring Technology and Mechatronics Automation, 
Changsha, China, 2010, pp. 22-25.  

[2] H. Riheng, Boom-type Roadheader. Beijing, China, 1996, pp. 123-
135.  

[3] C. Zixing, Fundamentals of Robotics. Beijing, China, 2009, pp. 56-
67.  

[4] T. Jie, “Automatics Section Cutting and Forming Control of Longi-
tudinal-axial-roadheaders”, Journal of China Coal Society, vol.34, 
no. 1, pp. 111-115, 2009.  

[5] Z. Shiyong, and N. Zhongliang, “Application of MATLAB in 
boom-type roadheader auto profiling control research”, Coal Mine 
Machinery, vol. 11, pp. 87-89, 2005.  

[6] T. Jie, “Research on boom-type roadheader auto cutting and profil-
ing control system”, PhD thesis, Beijing, China University of Min-
ing and Technology, 2009.  

[7] X. Shuanghui, “Study on boom-type roadheader laneway section 
shaping control system”, PhD thesis, Xian, Xi'an University of Sci-
ence And Technology, 2009  

[8] C. Jiasheng, Z. Zhikang, and D. Haishun, “MATLAB simulation of 
intelligent control cutting of boom-type roadheader”, Mining Tech-
nology, vol. 7, no. 3, pp. 38-42, 2007.  

[9] L. Junli, “Reserch on Automatic Cross Section Profiling Theory 
And Control Strategy for Boom-Type Roadheader”, PhD thesis, 
Taiyuan, Taiyuan University of Technology, 2009.  

 

Received: September 16, 2014 Revised: December 23, 2014 Accepted: December 31, 2014 

© Hang et al.; Licensee Bentham Open. 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited. 
 
 
 
 


