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Abstract. Article take the coal mine equipment carrier for example, integrated use the robot basic theory and 
electro-hydraulic control system theory to research of planning steering trajectory, coordination and control 
its speed and so on basic theory. Design the control law, and force through the connecting rod simulation 
indirect validation. Through the simulation and testing of the connecting rod force indirectly proof its 
feasibility. For future theoretical study of multi-module and software to connect system to provide a research 
method. 

Introduction 
    Yan Shan University researched a coordination of the coal mine equipment carrier with a 

flexible connection of the power part and the carrier part separation, this is taking into account the 
actual situation of the restricted space in the mine roadway restrictions and Inoue geographical 
environment[1]. 

Nonholonomic mobile robots are generally dynamic and unknown work environment, so the 
nonholonomic mobile robot should have a certain amount of intelligence[2]. One of the biggest 
feature of the nonholonomic mobile robot is its unique ability of the space motion, the direction of 
motion of the robot only along the tire extended forward. Therefore, does not solve the problem of 
motion control, no matter what structure are unable to effectively complete a variety of established 
task. 

The Carrier Tracking Trajectory Control Method Based On D-H Method 
The coal mining equipment carrier use the split and flexible connection technology, the 

intermediate connecting rod connected to reduce the carrier 's turning radius, this design reduces the 
height of the carrier. The power part and the carrier part are drived by the hydraulic motor, the 
middle rod is stretched and squeezed only in the starting and stopping moment. Install an encoder 
on the wheel were used to detect the steering angle and walking distance of the carrier, and 
respectively install  encoder on the two junction points,  to detect the angle formed by the two parts, 
the angle will be involved in track transfer operations and information on the physical location of 
the two parts[3],[4]. 

Through the data acquisition and the monitoring system, collect the flexible connection between 
the two parts of each other positional parameters. Feedback the angle between the rod and the two 
parts to the controller in order to determine the relative positions of the two parts. Then, according 
to the acquisition of the power part trajectory, control the carrier part tracking the trajectory of the 
power parts[5]. 

First, we need to determine the relative position of the two parts. Established the coordinate 
systems O0—x0y0 and O3—x3y3, on the power part reference point O0 points and the carrier part 
reference point O3 point. Established the coordinate system in the two deputy commissioner of the 
connecting rod rotation O1-x1y1 and O2-x2y2, shown in Fig. (1). 
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Fig. (1). The model of the coal mine equipment carrier 

The general expression of the rod transform matrix as follows: 
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Based on the pose transformation equations of the two parts, the carrier part and the power part’s 
position and orientation relationship can be calculated as follows: 
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Available from the above equation: 
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According to the power part’s pose and the angle between the connecting rod and the two parts α, 
β, by equation (3), we can get the position and orientation of the carrier part at this time. Compared 
the carrier part’s position and orientation with the power part’s the collected trajectory, according to 
the above method can be achieved the carrier part’s trajectory tracking the power parts’, namely the 
coordination of steering the process of coal mining equipment carrier. We can collect the values of 
α, β in the actual steering of the coal mining equipment carrier[6]. 

So, the trajectory line of the coal mine equipment carrier can be plan by describe point, and then 
calculated the speed of two parts to complete the planned path automatically turn in the roadway. 

Route Planning 
According to the experimental situation, as Fig. (2),  Fig. (3), we assume that the width of the 

obstacle on the right side of the roadway for the D2=17500 mm, the initial position of a distance d1 
from the right side wall of the tunnel is 500 mm, and increases the safety distance at high 
confinement region ds=150 mm. 
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Fig. (2). Schematic of obstacle avoidance trajectory     Fig. (3).  Process of obstacle avoidance  
 
S values of the above six groups were generated six groups obstacle avoidance path as shown in 

Fig. (4). In Fig. (4), three path from left to right represent the left, middle, right side of the first car 
for the three parts of the reference path. 

 
a)s=3.85 m           b)s=4.00 m         c)s=4.50 m 

  
d)s=5.00 m           e)s=6.00 m          f)s=7.00 m 

Fig. (4). obstacle avoidance reference path under different S 
In summary we can see that in the case of a certain conditions, if s increases, β becomes smaller, 

φ2 also becomes smaller, this reduce the steering response time. 

Experiments 
We placed an obstacle in the side of the corridor, and then control the experimental car through 

the obstacle sections. Installed hourglass in the same location on the two experimental car use for 
record the trajectory, Then at a speed of 0.5 m/s to complete the obstacle avoidance, And along the 
trajectory of the travel direction, collect a set of error data every 30 mm[7],[8]. The specific process is 
shown in Fig. (5). 

             
                            Fig. (5). Actual trajectory                   Fig. (6). schematic of the two cartrajectory in 
                                                                                                      obstacle avoidance experiment 
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According to the collected data of the two car trajectory to generate the two car trajectory as 
shown in Fig. (6). During the process of the obstacle avoidance, the error of trajectory is small, this 
control strategy is similar to steering system characteristics, it have better ability to adapt. But when 
the length of trajectory and the control action increase, the trajectory error still showed a gradual 
increasing trend, This trend is mainly due to differences in the basic structure and implementation 
of the components of the two vehicles caused, which can not be eliminated. So when the driver 
driving the car, should try to avoid consecutive turns, the control system should be increased 
vehicular state recognition at the same time, and eliminated error which caused by the action follow 
the  control strategy at any time. When the car are producted and  debugged, we should try to make 
all modules steering system has basically the same dynamic characteristics, Otherwise it will cause 
greater action following error. 

Conclusion And Future Work 
By in-depth exploration and research of the independent steering of the key technologies 

involved in the system of coal mining equipment carrier. The research results can be generalized to 
all kinds of Self Propelled Modular Transporter and derivatives such as special loading platform 
system. This have some reference value for similar products research and development and 
improvement, have important theoretical significance and application value to improve the 
domestic truck modernization of installed capacity and production levels. 
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