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ARTICLE INFORMATION ABSTRACT

Original Research Paper Regarding the progress in technology and increase in the capabilities of the robots, one of the
Received 11 March 2015 main challenges in the field of robotics is the problem of real-time and collision-free path planning
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of robots. This paper focuses on the problem of path planning of a 3-DOF decoupled parallel robot
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vaflableBniine =¢ une called Tripteron in the presence of obstacles. The proposed algorithm is a synergy-based

algorithm of convex optimization, disjunctive programming and model predictive control. This

Keywords: . . . .

Optimal path planning glgorlt_hm has many advant_ages compared_to prewous_mgthods reported in the I|teratl_Jre
parallel robots including not getting stuck in the local optimums and finding the global optimum and high
convex optimization computational speeds. Finally, the algorithm will be implemented on a model of the real robot. It

disjunctive programming

: : should be mentioned that this algorithm has been implemented using Gurobi optimization
receding horizon concept

package with C++ programming language in Qt Creator environment and the simulation of the
parallel mechanism is performed by the CAD2MAT package for MATLAB. Obtained results reveal
that the maximum computational time at each step is less than one second which, for this
particular application, could be regarded as a real-time algorithm.
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11. Model Predictive Control (MPC)

12. Mixed Integer Linear Programming (MILP)
13. Receding horizon

14. Gurobi optimization
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1. Multipteron family

2. Tripteron

3. Artificial Potential Fields (APF)

4. Real-time

5. Visibility graph

6. Cell decomposition

7. Probabilistic Road Map (RPM)

8. Rapidly-exploring Random Trees (RRT)
9. Disjunctive Programming

10. Kassel University
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sk €{L,...,5} &5 5sb AL o, L aw gl A YL dobe o
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1. Multi-objective function
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m, (i) = tan(@ RO @) , («27)
S S S

Xaux (D) = 1, % cOS(¢ (1)) + x,, z27)

Yaux (0) = 1, % sin(@ (i) + o, (227)

Do (1) = Yaux (1) = Mo (i) X Xaux (i),

vi Z 1, ys YT TR T (.27)

ol Jo al> o 2 10 (g ilwaigs dluse YU slo il plad ol ain b
090 Cond (ol 18.00,5 o ooliiul s pnd sl o] o 9,5 5l g
A0 am e polie lgie 4 o i 381 sl ol Caws 4y polie el
e5iS slalinly Jas slace w Glan a5 JuS olo e g ool a8 S

i oo cwd 4 (30) B (28) w¥olas 3l oolitnl b axiws b,
_dxe.(2)

Pr i (28)
T (29)
_dz.(2)

Pz — dt (30)

S polie dZp (2) 9 dYee(2) xeo(2) g 005 Sy osbdl ] jo a5
i o i |y dmy Al o bS58 Al e 5l e (6 yzme laizre
Clacand o a5 ol Solatps Jow 45 J,8 ol ol el b
dilons a5l piie Wiz polie oS o)lal ol 4 3
bl o dry Al e 50 (giluaigy dlus slagog,g Hles 45 Wisd oo

1: Imitialize: nyipp, Nk, Ny Vimax, $s M, rg, Xg, Yo, €;
% Find the circumscribing polygon parameters for obstacles
2: Egs. (22)—> mg.bg:
3: while dzg,, > €do
9% Solve the optimization problem by Gurobi
4: (Ze.e,dt,dx;,dy, .. dz, ) = Path Optimizer(h,zs,Zg, Vimax, Mg, by );
% Solve the Inverse Kinematic Problem
3 Egs. (7-9)— 611.6.3.9_\|.9)-3.9:1.9_-3:
% Update the linear velocities
: Py =dx,.(2)/dr;
7: py =dy, . (2)/dr;
8: p-=dz,..(2)/drt;

% Update the position of the robot using kinematic model

9: Eqs. (5)— Xnew: ¥new: Znew:

10: Z; = [xne\v-ynew- znew]:

11: dZfinal = ||2Zs _lx”l: % Find the distance to the goal point
12: Tiotal = Tyl +dt; % Update the total time

13: end while
14: Go to the goal position and stop;
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St < VUmax
k=1,.. (h—1), (25)
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> by (@) + (U Q) — 1)M, (z-26)
Z Ui kg () =1, (526)
q=1
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Ao(D)z; i p(0) = bo(i) + (v(i) — )M (526)
;vq(i) >1, ()‘.26)
Zj,Z,m(i) =Zee + bj (C26)
Ze.e(to = O) = Zs (-L’26)
Ze.e(tf = T) = (626)
Zjkm (i +1) = 25 (D)

St = vj,k,max

vi€{1,.. h}Vj € {123} vk € {1,2},vp € {1, ..., m}, (s.26)
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