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Online motion planning using path deformation and replanning

Eiichi YOSHIDA*!, Fumio KANEHIRO*!*2, Kazuhito YOKOI*'*? and Pierre Gergondet*!

We present a reactive method for online robot motion replanning in dynamically changing environments by com-

bining path replanning and deformation. Path deformation is integrated in a replanning method featured by parallel

planning and execution. The proposed reactive planner can handle dynamic environments including continuously

moving obstacles by smoothly deforming the path during execution. If the collisions cannot be removed by path

deformation, alternative paths can be replanned efficiently by using continuously updated roadmaps. Simulation

results are shown to validate the effectiveness of the proposed method.
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Table 1 Planning interface with robot controller

bool execute(Path)
void stop()

Execute the path

Stop the execution

safely with deceleration
Return true if moving
Get the current config.
Get the traveled distance
on the path

Return true in case of
environmental changes

bool isMoving()
config getCrntConfig()
double getCrntDist ()

bool getGeoChange()
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Deform(path, timeLimit, improveThresh)

1: timeout < false, changed < false
2: while !timeout AND !changed do
3:  lenOld < path.length()

4:  for i=1 to path.numConfigs() do
5: LPy + localPath(q; 1, q;)

6: LPy < localPath(g;, g;11)

LP; .length()

7 T4
LP;.length() + LP2.length()

8: LP+ localPath(g; 1, g;41)

9: qp < LP.getConfigAt(r)

10: gnew < tighten(g;, qq)

11: // local path is “tightened” towards g
12: newSeg + 0

13: LPVYeW « localPath(g; 1, gnew)

14: LPY®W « localPath(gnew, g;.1)

15: if LPRCW valid() AND LPYeW valid() then
16: newSeg + makePath(g; 1, gnew, ;1 1)
17: path.replace(i-1, i+1, newSeg)

18: changed < true

19: else

20: if LP;.valid() then

21: newSeg.add(LP1)

22: else

23: // cut the local path into two

24: Ghalf < LP1.getConfigAt(0.5)

25: newSeg.newPath(q; 1, a1 ;)

26: end if

27: // do the same thing for LP, and update newSeg
28: /]

29: path.replace(i-1, 41, newSeg)
30: changed < true
31: end if
32: timeout < checkOutOfTime(timeLimit)
33:  end for

34: if changed = true then
lenOld - path.length()

35: pathlength() < improveThresh then
36: changed < false

37: end if

38:  end if

39: end while

Fig. 6 Path deformation procedure
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Fig.7 Local deformation of the path by the function Deform().
The local paths connecting the configurations gq; 1, g;,
q;11 is deformed using gnew that is the projection of
the shortcut configuration g onto the hyperplane repre-
senting the boundary of repulsion area.
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Fig.9 Results of reactive motion planning. The initial path is deformed at (b-d). Al-
ternative path is searched when obstacle fills the gap (d) and is executed (e-g)
which is also deformed at (g). The resultant path is shown in (h).
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Fig.10 Transition of learning roadmap size during execution
with and without deformation
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Fig.11 Cumulative planning time with and without deforma-
tion. “Deform.” and “Replanning in Deform.” mean
computation time for deformation and replanning with
the proposed planner. “Replanning only” means the
planner without deformation.
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Fig.12 Planning of a redundant manipulator. The deformation is performed with the
small moving obstacle (b-c). When the planned path is obstructed (d-e), a new
path is replanned (f-h). The resultant end-effector path is shown in (h).
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