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Task and Motion Planning for Grasping Obstructed
Object in Cluttered Environment

SRR

Seokjun Lee', Incheol Kim'

Abstract: Object manipulation in cluttered environments remains an open hard problem. In cluttered
environments, grasping objects often fails for various reasons. This paper proposes a novel task and
motion planning scheme to grasp objects obstructed by other objects in cluttered environments. Task
and motion planning (TAMP) aims to generate a sequence of task-level actions where its feasibility is
verified in the motion space. The proposed scheme contains an open-loop consisting of three distinct
phases: 1) Generation of a task-level skeleton plan with pose references, 2) Instantiation of pose
references by motion-level search, and 3) Re-planning task based on the updated state description. By
conducting experiments with simulated robots, we show the high efficiency of our scheme.

Keywords: Object Manipulation, Task and Motion Planning, Grasping Obstructed Objects
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[Fig. 1] An example of grasping obstructed object
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action PickUp

param obj gripper

precond  empty (gripper)

effect graspedBy (obj, gripper), ~empty (gripper)
[Fig. 2] An action specification for pick up
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[Algorithm 1] TAMP Algorithm

Input: set of actions A, initial state s, goal condition g
Output: feasible plan 7'
F < none
stepi <1
while s, is not g
task plan 7"« callTaskPlanning (4,s,),9)
for action ¢; in 7'
initial pose p,, set of target poses /> < generatePoses (o, )
trajectory t, error e <— callMotionPlanning (p,, )
if e is none
bindReferences (o, py, p,, t)
P F+q
s, < updatelnitialStateFromAction (s, ;)
else
s, < updatelnitialStateFromError (s, e)
break
end if
i < i+1
end for
end while
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[Fig. 4] isGrasp, isPlacementLocation, isClearanceLocation,
isMotion, obstructs 5-¢] 71=2] 2}4] A1 8] A4 WP Sl A T
FA B9 AEE A AsAtss G0 5 AT isGrasp
(pose2, obj, objLoc) A1 &A= ‘poes2= objLoc®ll $1 |8+ =4
ob & TS = = 77| =P E 2w|$HY, isPlacementLocation
(targetLoc, obj) A1 &A= ‘targetLoc &4 obj & W& E7] 9
Sl &3 || o]th & 9wt} isClearanceLocation (clearLoc,
obs, tar) ‘clearLoc “FolE obs7| H3E B4 tarE 712 9HA]
2= A flRloloh & SJm| gtk 317] - 2(grasp pose), HiA| 91
Z|(placement location), *|+& $]=*](clearance location) G- &
T X2 A7 2R A Eo B AlE AT A A
A&l EE(motion planning goal) 2 A|A|HTE 22+ ¥=
Aol gk U-8-2 434804 & 1] AA8] A gt

action  PickUp_PR2
param  obj gripper, posel, pose2, traj
precond  empty (gripper), robotAt (posel),
objectAt (obj, objLoc),
isGrasp (pose2, obj, objLoc),
isMotion (traj, posel, pose2),
{70bj’ —obstructs (obj’, traj, obj1)
effect  graspedBy (obj, gripper), ~emply (gripper),
7obj’, traj” —obstructs (obj, traj’, obj’)

action  PutDownGeneral PR2
param  obj, gripper, posel, pose2, traj, targetLoc
precond  graspedBy (obj, gripper), robotAt (posel),
—obstacle (0bs)
isPlacementLocation (targetLoc, obj),
isGrasp (pose2, obj, targetLoc),
isMotion (traj, posel, pose2),
7obj —obstructs (obj’, traj, obj)
effect —graspedBy (obj, gripper), at (obj, targetLoc)

action  PutDownForClearance PR2
param  obs, tar, gripper, posel, pose2, traj, targetLoc
precond  graspedBy (obj, gripper), robotAt (posel),
obstacle (obs)
isClearanceLocation (targetLoc, obs, tar),
isGrasp (pose2, obs, targetLoc),
isMotion (traj, posel, pose2),
{7obj —obstructs (obj’, traj, obs)
effect —graspedBy (obs, gripper), at (obs, targetLoc),
—obstacle (0bs),
—isClearanceLocation (targetLoc, obs, tar)

action  MoveBase PR2

param  posel, pose2, traj

precond  RobotAt (posel), isMotion (traj, posel, pose2)
effect —RobotAt (posel), RobotAt (pose2)

[Fig. 4] Action specification for obstacle handling
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[Fig. 5] Constraints for grasp pose
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[Fig. 7] Constraints for placement pose
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[Fig. 9] Constraints for clearance pose 1: Negative Goal Region (NGR)

[Fig. 10] Constraints for clearance pose 2: workspace and support plane
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@ Task Planning

(empty Igripper)

(robotAt robotlnitLoc)
(isGrasp larm_gp_object1..)
(isMotion larm_pick_traj_object1...)

1 MoveBase_PR2(...)
2 PickUp_PR2(obj1, ...

<0ld Plan>

)

=0ld Initial State>

@ Motion Feasibility Checking and Fail

initial state MoveBase_PR2 PickUp_PR2
) (obj1. ..

@ Initial State Updating and then Re-planning

(empty Igripper)

(robotAt bp object1) 1 MoveBase_PR2(...)

(isGrasp larm_gp_object1 ...) i‘—Pt:kUp—Plé{uW—)

(isMotion larm_pick_traj_object1...) 3 PickU p:PRZ(ubj3: )

(obstacle object3) i e . 4 PutDownClearance_PR2(obj3, ...)
(obstructs object3 larm_pick_traj_object1 object1) 5 PickUp_PR2(ohjt, ...)
(isClearanceloc larm_gp_object1 object3 object1) — .

<Revised OId Plan>

<New Initial State>

@ Motion Feasibility Checking and Success

initial state MoveBase_PR2 PickUp_PR2 PutDownClearance_PR2 PickUp_PR2
) (obj3. ..) (obj3, ...) (obj1, ...)

[Fig. 11] An example of replanning process
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3% A 8lo]| 4+ PUTDOWNFORCREARANCE PR2 3} ¢]
7} ool SP3}aL Srivastaval] HPHO R XA E AlEe|M=
PUTDOWN_PR2 &§9]7} olof] 33t} o] 5 89 Zfol= af<]
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Goal: grasp the objectl (obstructed by object36)

Task Plan from our method:

1 MOVETO_PR2

(ROBOT INIT LOC ROBOT GP _OBJECT36 ROBOT MP OBJECT36)
2 PICKUP_PR2

(OBJECT36 LGRIPPER ROBOT GP OBJECT36 LARM GP_OBJECT36
LARM MP OBJECT36)

3 MOVETO_PR2

(ROBOT GP OBJECT36 ROBOT PDP TABLFS LOC36 ROBOT MP TABLES LOC36)
4 PUTDOWNFORCLEARANCE_PR2

(OBJECT36 OBJECT! LGRIPPER ROBOT PDP TABLE6 LOC36 LARM
PDP TABLE6 LOC36 LARM MP TABLE6 LOC36 TABLE6 LOC36)

5 MOVETO_PR2

(ROBOT PDP TABLE6 LOC36 ROBOT GP OBJECTI ROBOT MP OBJECTI)
6 PICKUP_PR2

(OBJECT! LGRIPPER ROBOT GP_OBJECTI LARM GP OBJECTI LARM
MP OBJECTI)

Task Plan from Srivastava’s method:

1 MOVETO_PR2

(ROBOT INIT LOC ROBOT GP _OBJECT36 ROBOT MP OBJECT36)
2 PICKUP_PR2

(OBJECT36 LGRIPPER ROBOT GP _OBJECT36 LARM GP_OBJECT36
LARM MP OBJECT36)

3 MOVETO_PR2

(ROBOT GP_OBJECT36 ROBOT PDP TABLE6 LOC36 ROBOT MP
TABLE6 LOC36)

4 PUTDOWN_PR2

(OBJECT36 LGRIPPER ROBOT PDP TABLE6 LOC36 LARM PDP
TABLE6 LOC36 LARM MP TABLE6 LOC36 TABLE6 LOC36)

5 MOVETO_PR2

(ROBOT PDP TABLE6 LOC36 ROBOT GP OBJECTI ROBOT MP OBJECTI)
6 PICKUP_PR2

(OBJECT! LGRIPPER ROBOT GP OBJECT! LARM GP OBJECTI
LARM MP OBJECTI)

[Fig. 13] Generated task plan from ours method and Srivastava’s
method
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[Table 1] Experiment results: average number of clearance and
average number of duplicated clearance

# of Clearance (Avg.)  # of Duplication (Avg.)
Problem - | - |
Srivastaval' Ours Srivastaval' Ours
Object-15 34 3 0.3 0

Object-20 6.6 0.7

Object-25 75 12

Object-35 10.7 23

5 0
5 0
Object-30 8.2 6 1.6 0
6 0
6 0

Object-40 11.2 3
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