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Abstract：The paper using the inverse kinematics theory of the parallel 

mechanism , studied the movable needs of the transplanting robot,deduced the 

inverse kinematics formula of transplanting robot.Considered the demand of the 

“fetch and plant”operations,made an important research on the two trajectory 

planning methods of the moving platform: quintic and septic polynomial 

motion laws, acquired their variation rules of displacement, velocity, 

acceleration and saltus by using matlab software, and to make choice. After 

selected the law of motion equation, through numerical simulation of inverse 

kinematics by matlab, acquired kinematic parameters angular speed and 

acceleration of the two active motors,can be used as the priority basis for 

control the movement of the manipulator. 

Keywords: parallel mechanism; transplanting bowl seeding; trajectory 

planning; inverse position; numerical simulation 

1   Preface 

Pot seeding technology has many advantages, such as reduce man-hour, raise working 

efficiency and protect the agricultural ecology environment, and it has been used in 

production of vegetable and flower widely, transplanting bowl seeding is an important 

link. Although transplanting bowl seeding is easy, it needs amount of hand labour, the 

average speed of artificially transplanting is 800—1000 trees per hour, and the 

workers work continuously will get tired easily, a low production efficiency, and hard 

to realize large-scale operations. So, to research high-speed automatic bowl seedling 
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transplanting machine is particularly important, it has important significance in 

improve labor productivity, reduce the labor intensity, promote potted tray seeding 

technology development. Currently, transplanting machines with the industrial robot 

as body have many shortcomings, such as many freedoms, complicated structure and 

so forth, have many difficults to fit for greenhouse automatic assembly line working 

facilities, so the type of automatic potted tray seedling transplanting machine fails to 

get promotion. 

The paper will put forward a Two-DOF parallel transplanting robot of independent 

mechanical and electrical system, as shown in Figure 1, the mechanism consists of a 

five-bar parallel mechanism, two groups parallelogram chain and a moving platform, 

driven by the active motors, pneuncatic manipulator could achieve two-dimensional 

translational. Due to the driving motors fixed on the frame, driven arms are made into 

light bars, so could make the moving platform achieve a high speed and acceleration, 

to meet bowl seedlings transplanting demand of high speed and short to medium 

distance.  

2  Select bowl seeding transplanting robot motion law 

2.1  Motion law requirement of Two-DOF parallel transplanting robot 

Two-DOF parallel mechanism used to pick up and placed the object, its main job is 

pick up object in the initial position, then move to the target position placed the object, 

kinematic sketch is shown in Figure 2.  



 

Fig. 1.  Schematic diagram of transplanting robot   1. parallel mechanism  2. motor 3. 

seeding tray  4. plant seeding tray 5. manipulator 

 

Fig. 2.  Kinematic sketch 

Working space of the mechanism is 600 * 150 mm, maximum speed of the 

manipulator is 4.5m/s, the maximum acceleration is 60m/s2. Maximum load weight is 

0.3Kg, the average frequency of transplanting reach 100 times/minute. 

To make the moving platform under the condition of the maximum acceleration 

allowed, the fastest way to fetch seedling from a certainl position of the seedling tray, 

then set the seeding to the corresponding position of the plant seedling tray, must be 

based on position, velocity and acceleration to plan trajectory.  



2.2  Motion trajectory planning on transplanting manipulator 

In the process of transplanting bowl seedings, manipulator required fetch seeding and 

plant seeding the two motion process for each seeding transplanting. While each 

process, the manipulator would pass through rising, translation, decline three stages. 

Transplanting motion requires the manipulator on the rise and decline section must 

keep a certain distance of straight-line movement, as AB and CD section shown in 

Figure 3: 

 

Figure 3  Manipulator trajectory of transplanting process 

For each straight line track, set motion law of the manipulator is cease-speed 

up- speed down-cease. So to achieve this rule, must meet the following points: 

1)Moving platform velocity and acceleration at the start and end of the trajectory is 

zero; 

2)First and second derivatives of displacement motion law must be continuous; 

3)The third-order derivative of the displacement motion law f (the derivative of 

acceleration) is limited; otherwise it will cause shock;to ensure that the 

manipulator avoid to be impacted. 

2.3  Mathematical Representation of the two motion laws 

In less than a given maximum acceleration condition, base on the movement theory, 

there are many motion laws to meet the above requirements, such as sine law, 

cycloidal law, trapezoidal law, quintic polynomial motion law, septic polynomial 

motion law and so on. Because quintic and septic polynomial are more likely to 

achieve above motion requirements accurately, therefor, only conduct analysis on 
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them. They are under the condition of known the displacement S and the maximum 

acceleration amax , the calculation formula is as follows: 

1) Quintic polynomial motion law 

Displacement equation 
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2)Septic polynomial motion law 

Displacement equation 
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Derivative of （6），acquire velocity, acceleration and saltus equation 
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2.4  Simulation analysis of the two motion laws 

Applied Mathematics software matlab, obtain the following motion law of Figure 4 to 

Figure 7。 

 

Figure 4 Displacement curve 

 



Figure 5 Speed curve 

 

Figure 6 Acceleration curve   

 

 Figure 7 Saltus curve 

From the above charts we can see, quintic polynomial motion law arrive the 

maximum displacement, velocity, acceleration, spent shorter time, more stable saltus, 

indicating the saltus of acceleration is smaller;under the condition of the motion laws 

have the same size of displacement and the maximum acceleration, quintic 

polynomial motion law uses a shorter time of 0.07s. 

In the case of ensure the moving platform smooth operation, select the quintic 

polynomial motion law as the trajectory function, can greatly reduce the time used in 

transplanting, improve transplanting efficiency.  



3. Solving the active motor motion laws of the high-speed parallel 

transplanting robot 

3.1 Position inverse model 

Refer to Figure 2, in fixed reference coordinate system O-xy, establish equation: 

r-sgn(i)ee1-l1ui=l2wi                                               （11） 
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3.2 Velocity,  acceleration model 

First and second order derivation of time for formula（11），can get system speed and 

acceleration model： 
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In the formula， v  and a  are speed and acceleration of ， speed Jacobian 

matrix is： 
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3.3 Numerical simulation curve of the two active motors 

Set the manipulator horizontal moving distance 600mm, vertical moving distance 

150mm, in the condition of a given mechanism parameter, inverse simulation by 

software matlab, acquire the following curves of the active motors: 

  

Figure 8  Angular velocity curve      

   



Figure 9  Angle acceleration curve 

Obtain the motors numerical parameters from above figures，provided theoretical 

basis for control the manipulator and optimal design the physical prototype。 

4. Conclusion 

1） Using the inverse kinematics theory of the parallel mechanism, studied the 

movable needs of the transplanting robot, deduced the inverse kinematics 

formula of transplanting robot. 

2） Motion trajectory of transplanting robot was planned, conducted numerical 

analysis for quintic and septic polynomial by matlab software, selected the better 

motion polynomial. 

3） Apply quintic polynomial motion law, under a certain condition of motor motion 

law, the operating cycle to be shorter, meet the requirement of high-speed robot 

for transplanting, can reduce the transplanting time of 0.07s, improve the 

transplanting efficiency. 
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