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Real-time Robot Placement-based Inverse Reachability Map
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Abstract: This paper presents an efficient method for determining optimal robot base placement based on target end-effector poses.
While traditional approaches involve time-consuming online computations, our method uses a precomputed 3D inverse reachability
map (IRM) to reduce computational costs. The 3D IRM is constructed offline by dividing the workspace into voxels and sampling
potential base poses relative to each end-effector pose. Given a specific task, a 2D IRM is generated by slicing the 3D IRM with a task-
specific plane and transforming it into the world frame. This enables rapid evaluation of candidate base poses on a predefined ground
plane. We further integrate multiple 2D IRMs for different task poses and evaluate candidate base configurations using an accumulative
manipulability score derived from inverse kinematics solutions and manipulability measures. Our algorithm significantly reduces
computation time compared to other methods while ensuring feasible and manipulable base placements for the task poses.
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Real-time Robot Placement—based Inverse Reachability Map
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Fig. 1. Capability map based on manipulability scores.
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Algorithm 1. 2D inverse reachability map.

Input : task pose (Tgs,.4)
Qutput : 2D Inverse Reachability Map (2D IRM)

1. procedure 2DInverseReachabilityMap

2. Get 2D IRM Center(x,, y,)
3. Define 2D IRM bounds :
L L L L
4. xe[xo—g,xo+5],yE[Yo—;.J’o‘F;]
5. for each index(i,j) in 2D IRM do
6. compute world-frame position(x, y) from (i, )
7. compute z-value from M2%¢, using (x,y)
8. transform world-frame point to ee-frame point:
9. Pee = T\izrld_l *[x,y,2, 1"
10. If p.. inside 3D IRM bounds then
11. get voxel score from 3D IRM at p,,
12. end if
13. end for
14. end procedure
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(a) 2D inverse reachability map for task pose 1.
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Algorithm 2. Find optimal pose of robot base using 2D

inverse reachability map.

Input : task poses

OQutput : optimal base pose

1 procedure FindOptimalBasePose

2 Generate 2D IRM for each task pose :

3 for cach i in task poses do

4 2D IRM; =

2DInverseReachabilityMap(task pose;)

5. end for

6. Create unified map :

7 for each 2DIRM; do

8 for each j in 2DIRM; do

9. add voxel score; to UniﬁedMap(x]-, yj)

10. end for

11 end for

2 Select K positions with highest voxel score in
’ unified map

13. Generate poses P :

14. for ecach k in top K positions do

15. sample rotation in n-axis uniformly

16. Find optimal base pose :

17. for each p; in P do

18. calculate manipulability score

19. optimal base pose = max(P)

20. end procedure

——— i i
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Fig. 7. Optimal base pose for task poses.

F L A o] A AT

Table 1. Verification of optimal base pose.

SE(3) IK | Manipulability

095 —031 0.0 012

ee; -0.31 —095 0.0 054

TOIthase 00 00 -10 030 0 0.0938
00 00 00 10
031 00 -095 025

ee; 095 00 031 —0.03

opt base 00 -1.0 00 050 0 0.0489
00 00 00 10
03 069 065 —041

ees 081 055 —021 —013

TOPtbase -051 046 —0.73 0.20 0 0.0849
00 00 00 10
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Fig. 8. Grasp simulation using mobile manipulator.
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Table 3. Result of the task success rate and manipulability distribution.

Random RM4D [10] Ours
Success rate mean 0.3643 0.5864 0.6579
Success rate
standard deviation 0.2298 0.1441 0.1421
Manipulability mean |  0.0628 0.0370 0.0671
Manipulability
standard deviation 0.0165 0.0130 0.0082
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Fig. 10. Manipulability distribution for each algorithm.
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