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Interaction-Preserving Data Generation for Humanoid
Whole-Body Loco-Manipulation and Scene Interaction
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01 - PROBLEM
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Source: Fig. 7, Sec. V-B



01 - TASK
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Source: Fig. 2, Sec. llI-A



01 - MOTIVATION

OmniRetarget
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Source: Fig. 5, Sec. V-A



01 - RELATED WORK
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Methods Hard Kinematic Interaction w/ Interaction w/ Data
(1) Constraints Object Terrain Augmentation
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IMMA Yes No No No

PHC No No No No

GMR No No No No
VideoMimic Soft Penalty No Yes No
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OmniRetarget | Yes Yes Yes Yes
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Source: Table |, Appendix B
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02 - METHOD
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02 - OVERVIEW
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02 - SPATIAL REPRESENTATION

Interaction Mesh

Vertices
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Source: Fig. 9, Sec. llI-A
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02 - LOCAL RELATION

Laplacian Coordinate

L(pri)=pri— Y, Wij:Prj
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02 - MESH CONSTRUCTION

Delaunay Tetrahedralization
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02 - MESH CONSTRUCTION

Delaunay®} Uniform Weights

Delaunay Tetrahedralization
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02 - DEFORMATION ENERGY

Laplacian Deformation Energy
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02 - ROTATION

Object Local Frame

World Frame (MIA| Z}EA|)
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Source: Fig. 8, Appendix C.2
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02 - CONSTRAINED OPTIMIZATION

Constrained Optimization

q; = argmin ) |L(p
qr i

Objective (2 2%})
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02 - OPTIMIZATION DETAILS

Optimization: Input / Output
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02 - FRAME-BY-FRAME

Frame-by-Frame Optimization
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02 - SEQUENTIAL SOCP

Frame-by-Frame Optimization
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02 - DIVERSE REFERENCES

Data Augmentation
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02 - AUGMENTED TRAJECTORY
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03 - RL TRAINING
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03 - RL TRAINING
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Source: Sec. IV, OmniRetarget - arXiv:2509.26633v3



03 - POLICY OBSERVATION
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03 - RL TRAINING

57tX]|2| Reward
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Source: Sec. IV, OmniRetarget - arXiv:2509.26633v3
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03 - RL TRAINING
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03 - ROBUSTNESS

Domain Randomization
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04 - EXPERIMENTS

Evaluation

01 Kinematic Quality
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04 - HARDWARE & AUGMENTATION

Hardware / Data Augmentation

Wall-flip: &H| &€l 5/5 83
Augmentation H[O[E] A|Z2|0|d H3 & 79.1% - nominal B7I 82.2%

Source: Fig. 6, Sec. V-A
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04 - KINEMATIC QUALITY

Robot-Object: Kinematic Quality

. . . . Contact
Penetration Penetration Foot Skatin Foot Skatin .
Method BE) BE) (& ez (& 0jmapE) Heptnn
Duration | Max Depth | Duration | Max Vel. | D:r;:;iTon 4
(AlZHH|E) (%|cH Zol, cm) (AlZHH|E) (2l £, cm/s) EES
PHC 0.68 5.11 0.05 1.40 0.96
GMR 0.83 8.50 0.02 1.46 0.99
VideoMimic 0.60 7.48 0.12 1.50 0.77
OmniRetarget | 0.00 1.34 0 0 0.96
GMRe| M= X 0.99k 2 2HE 70| 8.50 cme} &t 2tof ot}

Source: Table Il, OMOMO - "x HA|, BEMAH= HEX LE




04 - KINEMATIC QUALITY

Robot-Terrain: Contact Preservation

Penetration

Penetration

Foot Skating

Foot Skating

Contact
Preservation

Method ;'.'_*% :'n'_*% (HEI' ﬂlﬂE'I’é!) (HEI' I]|HE-|§!) (JH_*_ °I|)

(b Duration | Max Depth | Duration | Max Vel. | D:;;tTon N
(AMZHH|E) (ZIcH Zol, cm) (AMZHHIE) (2l £, cm/s) (A2 HIE)

PHC 0.66 7.74 0.15 2.03 0.45

GMR 0.91 5.72 0.04 1.75 0.67

VideoMimic 0.83 5.97 0.14 1.85 0.47

OmniRetarget 0.01 1.37 0 0 0.72

& -4 X[deo| XS o & fXlotHA 2Sa & 0|nEH S SUCt

Source: Table Il, In-House MoCap - Wz HEA|, A|ZH|E
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04 - ROBOT-ONLY / TABLE II

=4 gl= SEAM=

Penetration

Method (HE)

(dHtH) Duration |
(MZHH|E)

Unitree 0.09

OmniRetarget 0.00

S Z M

Ho

Source: Table I, LAFANL - 3 EA|
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Penetration
(BE)

Max Depth |
(Z|cH Zol, cm)

3.22

1.07

T HHH D= A

o

Foot Skating
(& ojnzd)
Duration |
(AMIZHH|E)

0.06

e §
o

Foot Skating
(2 o|m2fz)
Max Vel. |

(2l £, cm/s)

1.46

RL Success Rate 1
(Z3fets MZE)

100%

100%
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04 - MAIN RESULTS

[ Z2 Reference?} RL $£32 S=C}

82.20%

SX = HE - AEY0|H

Method ()

Robot-Object

Robot-Terrain

(RR-2H) (22-X18)
PHC 71.28% 52.63%
GMR 50.83% 18.94%
VideoMimic 3.85% 51.75%
OmniRetarget 82.20% 94.73%

Source: Table Il - A|22{|0|M M3 E "W, M2 ¢
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04 - EVALUATION BREAKDOWN
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05 - DISCUSSION

Limitations

01 Computational Cost

02 Kinematics vs. Dynamics

03 Scene Observation

Source: Sec. V-VI - A& H|&2 YHEXIC| H|THE HE
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S =oHX| ot Yol HH A
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05 - TAKEAWAY

Conclusion / Q&A

MSRRE HESS
2% S48 S 0|0|E WAl

01 Interaction MeshZ A E&
02 Optimization + Data Augmentation@ = Reference 4
03 RLZ =2| EHA S| =& =t5

Source: Sec. VI
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