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ARTICLE INFORMATION ABSTRACT
Original Research Paper This paper deals with the collision-free path planning of planar parallel robot by avoiding
Received 21 July 2015 mechanical interferences and obstacle within the workspace. For this purpose, an Artificial
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‘Available Online 01 December 2015 Potential Field approach is developed. As the main contribution of this paper, In order to

circumvent the local minima problem of the potential fields, a novel approach is proposed

which is a combination of Potential Field approach, Fuzzy Logic and also a novel algorithm

Keywords: - . . .

3_|¥\|’qu planar parallel robot consisting of Following Obstacle as well as Virtual Obstacle methods, as a hybrid method.
path planning Moreover, the inverse kinematic problem of the 3-RRR planar parallel robot is analyzed and
obstacle avoidance then the aforementioned hybrid method is applied to this mechanism in singular-free case. It is

artificial potential field approach

¢ : worth mentioning that, in this paper, all the probable collisions, i.e., the collision between the
ollowing obstacle method

mechanism and the obstacles and also mechanical interferences among the links, are taken into
accounts. Two general cases have been considered in collision-free path planning simulation;
the first case considered a mobile robot in several workspaces and the second one was
assigned to the 3-RRR planar parallel robot path planning. Results of the simulations, which are
implemented in C programming language for the sake of real-time purposes. reveal that for the
both cases, the newly proposed hybrid path planning method is efficient enough for the mobile
robot, or the end-effector of the planar parallel robot to reach the goal without colliding with
the obstacles.
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11 - Artificial potential fields(APF)

12 - Vector field histogram(FHA)

13 - Dynamic window approach

14 - Polar density

15 - Evolutionary Artificial Potential Fields (EAPF)
16 - Velocity obstacle method

17 - Khatib
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- End-effecotr

- Kinematic chain

- Revolute joint

- End-effector

- Offline

- Online

- C-Space

- Road map

- Cell decomposition

0 - Genetic Algorithm(GA)
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[16] cusl 5 & )yg0 @

0, = 2tan?!

(4Y4Ly = ((4Y4Lq)? — 4(Hy — 2X4L,) (Hy + 2X4L4)) 5

[ 2(H, + 2X,L,) ] (7)
6, = 2tan~!

(4B,L, = ((4BZL2)2 —4(H, — 2A,L,)(H, + 2A2L1))'5

[ 2(H, — 24,L,) ] (8)
f; = 2tan~!

(4B;L, = ((4B3L,)* — 4(Hs — 2A;5L, ) (Hs + 2A;3L,))°

[ 2(H, — 24,L,) ] (9)

wld 398 Oyl jo
H =X+ Y2+ L,>—L,% A, = X4+ Lycos(e) — X,
B, =Yy + Lysin(p) —Y,,, H, = A,* + B,? + L,;? — L,?
T
Ay = Xq+ Lycos (g +§) — X,
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1 Input: Target position, start position of centroid of the
end-effector, orientation of end-effector, distance threshold
2: Output: Position coordinates of centroid of the end-

effector and orientation of end-effector in every single time step
3 S = start position of centroid of the end-effector
4: Piargetr = target position
5: Pcg = current position of centroid of the end-effector
6: P,,,s = position of closest point of the obtacle to Pqg
7 6 = displacement step size
8: r;=goal and centriod of end-effector’s distance
9: (¢,7, po) = parameters of the potential field functions
10:  for i (each time step) do
11: p < norm (Ptarget — Pcg) and
12. ngg < —Vp
13:  p < norm (Pcg — Pops)
14:  ngp <« Vp'
15: Fae < E(Ptarget — Pcg)
16: ifp < p,then

1 1) p? 1 1
17 Kepen|l—=——]—znor+7 _'_p_o PNRg

P Po/p p
18: else
190 Fep <O
20: endif
21. if CE, obstacle and goal are aligned then
Pg[i]— P,
22: Flocalminima < %
23:  else
24: Flocalminima <0
25.  endif

26: Fior < Fape + F;‘ep + Flocalminima
27: T Fo/ | Feoell

28:  Pg(i+1) « Pg(i) + 8 +f

29: endfor

30: return Pg
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1 Input: Position of all joints(Py, Pg, Pc, Pp, Pg, Pr)
Distance threshold
s ' ' ' ' ' ' ! 2: Output: orientation of end-effector and new position
151 ] 3 w = rotation step size
4: Dy yz =Distance between X joint and YZ link
1F 1 5: Dy z =Distance between X and Z joints
6: Pmx yz =the point on YZ line that has minimum
05} . distance from X
o 7 if (XY < XmX,YZ < XZ | XZ < XmX,YZ < Xy) & DX,Z < dO
é 0 - '.lllliilltll?lllli:-Fg - 8' While DX’YZ S do
P 9:  ifX,YZ=D,CF | X,YZ=ABE | X,YZ=C,AD |
05k | 10:  X)YZ=EAD | X,YZ=FBE | X,YZ=B,CF
’ . . T[
11: <p[z+1]<—<p[z]+w180
Ar T else
120 ofi+1] < ofi] - w—
15} ] - ¢ ¢ 180
13: endif
3 ! : . . ) . , 14:  Ppli + 1] « Ppli]
05 0 05 1 15 2 25 3 35 15:  6,[i],6,[il, 65[il, P, Ps, Pc, Pp, Pg, Pr, Pcg < Eq.6 —7
X(m) 16:  end while
. . e . . : Ise if (Xy > X &X;>X |
S b il g0 o S0y oK e 2ilo > b, s ,~ 15 17 € Y mX,YZ ™= 42 mX,YZ
P RER I O A I S [eaaiP) el <) > wa 18: (XY < XmX,YZ &XZ < XmX,YZ) & DX,Z < dO
if X,YZ=D,CF | X,YZ=ABE | X,YZ=C,AD |
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. . . T . 24: Ppli+1] « Ppli]
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. . e . . . . 26: d whil
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