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Abstract 

This paper presents a motion planning method for archwire bending robot in orthodontic 

treatments. Because the movement of the archwire bending robot belongs to typical hybrid 

point-to-point movement, which has both long and short distance, thus the traditional 

acceleration/deceleration (acc/dec) method is not suitable for this mode of motion. In order to 

improve the stability and relief the impact and vibration in the process of archwire bending, a 

new motion planning method that based on three-order pure S acc/dec curve, 5 segments 

acc/dec curve, and modified acc/dec curve is established and a piecewise self-adjustment 

acc/dec strategy that based on displacements of three-order pure S acc/dec curve, 5 segments 

acc/dec curve, and modified acc/dec curve is proposed. The effect of acc/dec methods on the 

process of archwire bending is analyzed, and verification of the proposed method is 

conducted through MATLAB simulation. The MATLAB simulation realized validity of the 

motion planning. 

Keywords: Motion planning, Acceleration and Deceleration, Orthodontic, Archwire 

bending robot 

 

1. Introduction 

Malocclusion is one common oral disease, as one of the three major oral diseases by World 

Health Organization. According to statistics, about 67.82% of children and young people 

have some degrees of malocclusion in China. Currently the best way to treat malocclusion is 

to wear archiwre. Through the archwire generated successive and a certain value of elastic 

force during the deformation to control the movement of the teeth, the purpose of correction 

can be achieved [1].At present, bending the orthodontic archwire is mostly done by hand, the 

process is not only inefficient, labor-intensive, and accuracy not guaranteed, but also prone to 

the archwire breakage. A reasonable way to solve these problems mentioned is to use robots 

to replace manual bending. The research on archwire bending robot has been lasted few years. 

What’s more, as for the robot motion planning is a very important part of the research.  

Point-to-point movement is a basic and important motion method of robot, the same as the 

archwire bending robot, which belongs to the typical hybrid point-point motion. There are 

both large motion displacement and small motion displacement between control points. The 

control points and displacements based on mathematical model of basic archiwire curve are 

shown in Figure 1. As a result of this motion method, it has obvious start-stop movement. If 

motion planning is not reasonable, obvious impact and vibration will be generated, and the 

end actuator positioning inaccuracy will be bonded to. Thus it is necessary to study on the 

acc/dec method between two control points for the robot, and make the robot in the process of 
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running with shortest time and precision of the optimal effect. Linear acc/dec, exponential 

acc/dec, S curve acc/dec, and trigonometric acc/dec are the most common acc/dec methods. 

However, each of them has its own limitation [2-4]. Much deeper research is devoted to these 

methods by many researchers. 
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Figure 1. Control Points and Motion Displacements of Archwire Bending Robot 

Some researchers proposed new acc/dec planning based on S curve [5-11]. Tian et al., 

proposed an improved S-shape acc/dec algorithm, which could quickly figure out the run time 

of the various stages [12]. And some researchers proposed acc/dec planning method by 

NURBS curvilinear interpolation [13-15]. Rew, Wook et al., proposed analytic equations for 

generating motion contour [16-17]. 

This paper presents a motion planning method for archwire bending robot in orthodontic 

treatments. The advantage is that the motion planning can ensure the archwire bending robot 

move to each control point smoothly at higher efficiency, and the running time is more 

optimal with piecewise self-adjusting distribution strategy of acc/dec. Three-order pure S 

acc/dec curve, 5 segments S acc/dec curve, and modified three-order pure S acc/dec curve are 

established as the target curve. 

The rest of this paper is organized as follows. Section 2 describes the robot model. Section 

3 formulates the motion planning. Section 4 presents the process of motion planning 

simulated by MATLAB for archwire bending robot, and the result from the simulation verify 

the practicality of this motion planning. Experimental results are carried out in Section 5 

while concluding remarks are given in Section 6 to close this paper. 

 

2. Archwire Bending Robot Model Description 

As is shown in Figure 2, IMI-1 type of orthodontic archwire bending robot is 

developed by Intelligence Machine Institute, Harbin University of Science and  

Technology. The robot is composed of three parts. The first part is the robot body that 

based on Cartesian coordinate scheme, it bends the archwire into shape; the second part 

is the hardware of the robot control system, it is used for completing complex program 

planning, preparation of motion programs, implementation of the bending device 

drivers and other tasks; the third one is the software of the robot control system, which 

is used for developing the control interface and compiling individual configura tion file 

for the motion axes and controllers. In the process of archwire bending, an important 

way to ensure the accuracy of the processing is to guarantee the accurate positioning 
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with high efficiency. One requirement for a good acc/dec method is to keep  mechanism 

smoothly, steady and rapidly while working. If motion planning is not reasonable, it 

could generate obvious impact and vibration easily during start -stop situations, and 

bound to cause the end actuator positioning inaccuracy. Meanwhile, in order  to reduce 

impact and vibration, we need to increase the stable time during the vibration; In other 

words, the mechanism cannot do any movement without increasing the total time.  

The motion method of archwire bending robot belongs to the typical hybrid point-to-

point movement, and the rate of movement in each control point is zero, so more start -

stop times are added. In order to ease the impact and vibration, the following three 

options are proposed: (1) Improve the accuracy of machining, and guarantee the 

accuracy of the assembly; (2) Selected reasonable acc/dec method; (3) Increase stability 

time during vibration. However, scheme (3) will increase the time of the whole process 

of bending the archwire, so the scheme (3) is ruled out.  

At present, there are many ways concerning the acc/dec method, such as the linear 

acc/dec method, and exponential acc/dec method. These methods belong to second-

order acc/dec method, although ensure fast, the motion can also exert significant impact 

and vibration. If using the general 7 segments S curve acc/dec method, which can only 

ensure the accurate location in long distance; when under the short distance movement, 

because of the speed and acceleration cannot reach the maximum, resulting in uniform 

segment during the running does not appear, which will also exert significant impact 

and vibration. While using the S curve to determine the general condition of the 7 

segments is too complicated, and the implement of the program algorithm is also more 

difficult, and real-time is not easy to guarantee. Meanwhile, according to the movement 

characteristics of the archwire bending robot, because the movement distance has the 

branch length, the effect should not be ideal if we use the acc/dec method mentioned 

directly. 

 

P1

P2

R1

R2

P3      
(a) Structure diagram                            (b) 3-Dimension structure  

Figure 2. IMI-1 type of Orthodontic Archwire Bending Robot Structure Diagram 

3. Motion Planning Formulation 

For the characteristics of robot motion, a piecewise self -adjusting distribution 

strategy of acc/dec is proposed. Combined with the system parameters of the archwire 

bending robot, three-order pure S acc/dec curve, 5 segments acc/dec curve and modified 

S acc/dec curve are established. And based on the displacement of three -order pure S 

acc/dec curve, a piecewise self-adjusting judgment is proceeded by the distance 

between the control points planned. If the distance is larger than the displacement of 

three-order pure S curve, adopt 5 segments acc/dec curve with uniform velocity, or else 

adopt modified S acc/dec curve. 
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3.1. Establishment of Three-order Pure S Acc/Dec Curve 

We define the maximum jerk is jmax, the maximum acceleration is amax, and the maximum 

velocity is vmax, which are the system parameters of the archwire bending robot. The process 

of establishing three-order pure S acc/dec curve is described as follows. Make jerk be the 

maximum, and acceleration changes according to the jerk. The acceleration immediately 

decreases to zero while increases to the maximum. Symmetrically, the acceleration decreases 

to zero while increases to the maximum in opposite position with a constant maximum jerk. 

At this time, the velocity falls to zero from maximum. The establish jerk, velocity, acc/dec 

and displacement are shown in Figure 3. 

Figure 3. Three-order Pure S acc/dec Curve 

In Figure 3, we assume the displacement of three-order pure S acc/dec curve is s*. If 

the movement distance is longer than s*, we call it long motion distance session, 

otherwise short motion distance session. 

Because of the process time of pure S plus acc/dec and less acc/dec are completely 

the same, and the processes of velocity increase and decrease are totally symmetrical. 

Therefore, we assume the time of plus acceleration, less acceleration, plus deceleration 

and less deceleration is tm, which are all the same. The displacement of plus 

acceleration segments is s1; the sum of displacement of less acceleration segments and 

plus acceleration segments is s2; the sum of displacement of plus deceleration segments, 

plus deceleration segments and plus acceleration segments is s3; the sum of 

displacement of less deceleration and s3 is s4. Hence, the expressions of three-order pure 

S acc/dec are shown in Equations (1)-(4). 
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3.2. Establishment of 5 Segments Acc/Dec Curve 

Based on the three-order pure S acc/dec curve, when the movement distance is longer, in 

order to reduce the residual impact and vibration, and improve efficiency, velocity curve 

should exist in the system maximum velocity of uniform motion phase. In the meantime, the 

time in uniform motion phase should be longer to reduce the system running time. So the 

creation establishment of acceleration curve is that the acceleration increases to maximum by 

the maximum jerk, then decreases to zero in the same way, and keep this status for a while. In 

the end, the velocity falls to zero in the way as acceleration process. The established jerk, 

velocity, acc/dec and displacement are shown in Figure 4.  

The expressions of 5 segments acc/dec are shown in Equations (6)-(10). Where the time 

of uniform motion is tc, the definition of tm is the same as in pure S acc/dec curve. We 

can see from the Figure 4 and expressions that if tc and tm are confirmed in long distant 

motion, the expressions of acc/dec are determined. 
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Figure 4. 5 segments acc/dec Curve in Long Motion Distance 
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3.3. Establishment of Modified Acc/Dec Curve 

When the movement distance is fairly short, because of the acceleration and velocity 

cannot reach the maximum, and the motion lacks the buffer function in uniform motion 

segments, the residual impact and vibration caused by the changes in acceleration of 

inflection point is more obvious than in long distance movement. So the method of 5 

segments acc/dec is not suitable for short distance movement. Hence, modified acc/dec curve 

is proposed for the robot in short distance movement. In this method, jerk changes in a linear 

fashion, and acceleration segment is connected with deceleration segment; jerk is continuous, 

and the acceleration is quadratic function curve with continuous and smooth, which ensure 

the smooth start-stop movement of the robot. Meanwhile the algorithm involves less 

parameters and segments with easy computing and programming. The establish jerk, velocity, 

acc/dec and displacement are shown in Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Modified acc/dec Curve in Short Motion Distance 

The expressions of modified acc/dec are shown in Equations (11)-(12). Where, the 

definition of tm is the same as in pure S acc/dec curve. The form of acc/dec can be determined 

by confirming the time parameter tm only. 
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3.4. Piecewise Self-adjusting Distribution of Acc/Dec 

Due to the differences of oral parameters between patients, the position information 

of the control nods planned differs from one to another. Therefore each of the 

movement distance in processing is different and each patient oral parameter should 

generate control its nods planning and acc/dec planning. In the meantime, despite in one 

patient, the control nods are not distributed uniformly, and the distance between control 

nods are not same. As a consequence, the piecewise self-adjusting distribution of 

acc/dec has double meanings. 

By real-time comparing the relationship of the standard distance s* between the 

planning theory and robot system platform, and then distribute corresponding acc/dec 

curve between adjacent two control points, the residual vibration and shock can be 

minimized in the process of movement. If the movement distance is longer than the 

displacement of pure S curve, 5 segments S acc/dec curve is adopted, or else S acc/dec 

curve is adopted. The piecewise self-adjusting distribution of acc/dec is shown in 

Figure 6. 

 

Figure 6. Piecewise Self-adjusting Distribution of acc/dec 
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4. Algorithm Simulation 

In order to realize validity of the motion planning, we use MATLAB to simulate different 

lengths in two period of movement distance of acc/dec. The Robot system platform 

parameters are shown as follows: jmax=40mm/s
3
, amax=10mm/s

2
, vmax=2.5mm/s, v0=ve=0. After 

calculation, we get the corresponding movement distance at this time is 1.25mm. Therefore, 

we take the movement distance of pure S curve as a criterion, and assume two movement 

distance are 2.5mm and 0.625mm. The parameters of the two movement distance by the 

planning of 5 segments acc/dec curve and modified pure S acc/dec curve are shown in Table 

1.In this table, the parameter of cts represents the quantity of pulse the drivers received. The 

acc/dec curves planned in two kinds of movement distance are shown in Figure 7 and Figure 

8. 

Table 1. Results Parameters of acc/dec Planned 

Parameters Long distance motion Short distance motion 

Motion distance (cts) 4000 1000 

tm (s) 0.25 0.2271 

tc (s) 0.5 None 

Maximum speed (cts/s) 4000 2201 

Maximum acceleration (cts/s) 16000 7268 

 

 

 

 

 

 

 

 

Figure 7. Simulation Curve of 5 Segments acc/dec 

 

 

 

 

 

 

 

Figure 8. Simulation Curve of Modified S acc/dec 
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According to Table 1, Figure 7 and Figure 8, the values of velocity and acceleration 

in long distance motion all reached the maximum, while short distance motion does not 

reach the maximum; the acceleration changes in a quadratic fashion, and the curve is 

smooth, so the flexible is better. As to the running time, the time will become longer by 

the jerk changes in a linear fashion in short distance movement, therefore despite the 

distance in long movement is three times than in short distance, the running time is 

basically the same, that is to say, increase flexible motion by sacrificing running time. 

And the simulation results are consistent with the analysis above. 

 

5. Conclusion 

In this paper, a new motion planning method based on piecewise self-adjusting 

distribution strategy of acc/dec is proposed and realized by the MATLAB simulation. 

Pure S curve is taken as a criterion and 5 segments S acc/dec curve and modified S 

acc/dec curve is adopted, which can ensure the robot in each control nod with high 

efficiency steady movement and the feasibility of motion planning is proved.. 
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