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Abstract This paper proposes an algorithm using Lagrange interpolation method to realize trajectory planning for
torque minimization of robot manipulators. For the algorithm, position constraints of robot manipulators should be
given and the stability of robot manipulators should be satisfied. In order to avoid Runge’s phenomenon, we set up
time interpolation points using Chebyshev interpolation points. After that, we found suitable angle which corresponds
to the points and then we got trajectories of joint's angle, velocity, acceleration using Lagrange interpolation method.
We selected performance index for torque consumption optimization of robot manipulator. The method went through
repetitive computation process to have minimum value of the performance index by calculated trajectory. Through
the process, we could get optimized trajectory to minimize torque and performance index and guarantee safety of the
motion for manipulator performance.
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Algorithml: Lagrange interpolation method for each joint angle of the robotic manipulators

Input: initial time ¢; and final time ¢, and their comresponding angle positions 0(t,),0(t,)

Output: searching Ply, and comrespondi ptimal trajectory

1: t—Chebyshev(t,,ty);

2: Angular positions for time segments 6
3: for i=1: do

4: for j=1: N do

[M,N]; PI= |

segments

5: 956‘/,"5”“(2 J)FAnglePosltlon(t 6( ) G(tN));

6: j=jt+1

7: end for

8 0,(t).8,(t),6,(t)— Lagrangelnterpolation (t,t,, 0 segments(is2));
9:  PL < Performancelndex(t,Gf(t),é[(t),&(t)),

10 1=1:+1;

11: end for

12: if PI=Plyi, then
13: 6 OI,(T ), 9,, p( (),)Jf— OptimalParameters(Plni);

14: end if
15: Trajectory for Plnn < Movement( );

I;
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Fig. 1.

3 degree of freedom robotic manipulator

Algorithm2: polynomial function method for overall joint angle of the robotic manipulators

Input: initial time ¢, and final time ¢, and their con

itions 0(t,).6(t )

P s

angle |

Output: searching Plyi, and comresponding optimal trajectory

pr=1
Afinal and step-length @

: Angle positions 6 = [ ];

Giving research range @,

initial’ step

: for a’jk = Qinitial * a’stcp

1:
2:
3 . afinal do

4

5: Pl <— Performance[ndex(t.,0L(t),0'1(t)7éi(t));
6 i=i+1;

7 end for

8: if PI=Plnuin then

9: 6,,(t), 6011
10: end if

11: Trajectory for Plun < Movement( );

.0, < OptimalParameters(Plyiv);

op

of the polynomial parameter a;

91(t),él(t),él(t)FPolynomialFunction(t,ajk,O(tl),O(tN));
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Table 1. Characteristics of the 3 axis robotic manipulator

link (%) 1 2 3
link length ({;[m]) 0.2 0.4 0.2
link mass (17, [kg]) 1 2 1
mass center length (lci [m]) 0.1 0.2 0.1
AAZL st Bk
t, =0s ty=1s
0,(t))=0(rad) 6,(ty)=1(rad)
02(t0)20(md) 02(tN):0(md) (13)
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Table 2. Chebyshev interpolation points of time

Time

. . . t
interpolation points !

ty ts ty

Time 0.2588 | 0.5000 | 0.7071 | 0.9898
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Table 3. Optimal angular positions for the Lagrange
interpolation method

Angular positions (degree)

Joints j ty ty i3 ty ts
1 0 11.4592 | 34.3775 | 45.8366 | 57.2958
2 0 57.2958 | 42,9718 | 28.6479 0
3 0 143239 | 42.9718 | 28.6479 0
[LE

06

= 4]

02
0,

a2 . . . . .

42 L] 02 04 L1 08

*-axis

Fig. 2. Optimal trajectory for the Lagrange interpolation
method
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Table 4. Optimal parameters of the polynomial function

Parameters
Joints j
ap aj aj
1 -9.5608 10.5608 0
2 15.3390 -15.3390 0
3 -0.5487 0.5487 0
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