— Carnegie Mellon University
al

Fobotics Insttute Enhancing 2D VLA Models with 3D Spatial Awareness

Kailash Jagadeesh, Keerthi GV Our Solution @
& Problem Statement
Current VLA models only see the world in 2D, %:ﬁ Research Obijective This project investigates the practicality of converting
1 i - it - - _ _ 2D RGB inputs into rich 3D scene representations for
which limits their ability to mterpr.et depth, object 1.To check if “software-only 3D" can replace actual depth sensors. Vision-l Acti del
geometry, and occlusions. - - : ISIoN-Language-Action models.
| 2.To understand the quality gap between real and predicted 3D. | | | o _
Although 3D-aware VLA models are emerging, 3.7To test if VLAs benefit from lightweight 3D cues Our baseline architecture is the 3D Diffusion Policy, a
they demand significant compute resources and robot control framework that uses a diffusion model to
massive 3D dataset, making them impractical. No Specialized 3D . 4%+  Leverages widely learn and generate actions directly from 3D point
Hardware Needed @ available 2D datasets clouds.
3 Pain POints @ (a) End-to-End Training (b) Evaluation
Can we extract 3D scene representation Makes VLAs capable  Addressed Avoids overfitting to ot Demonetratons B - Environment
from 2D input? Y of geometric G perfect simulator - a : :
reasoning Enables real-world depth | L\_J e — 5 rerception [ :
scalability ~— N e B
|’ _——__-;ifgeggiiﬁt?o?éizt 3D Re;;e:e:t;i:n;t;-::ém;gggﬁgfgs: m;r:_---":‘ Decision: Diffusion Policy Q:
RESUItS Table 1: Depth Anything v3 Pipeline (PointNet i Single-view Point Cloud Points wio Color ,  ME fisisepreh :! }E,ml, Condsoning :
PIPELINE 1 : Depth Anythlng V3 Encoder + Pseudo-3D Point ClOUdS) : g e | g : :: 3094.-:: —) . :
el -4 kg - -
Task: Slide Plate High Res (512*512:4096 points) Task: Slide Plate Low Res (128%128:512 points) Task cem | HEER DD SIEEEEE : S X 3 { - =y
————— S A— Size Points Rate (%) A T !

RGB Image (Sample 215/1999) Point Cloud (Sample 215/1999)

Depth Map (Sample 441/1999)
in: 0.666

Depth Map (Sample 215/1999)
in: 0.609

T ootc-side-

o o Tl D9SN i 512x512 4096 100.0

. 8 side ‘

° ° y b

5 late-slide-
oy o7 S i 128%128 ‘ 2DRGB Dept,h Depth
RGB Image (Sample 215/1999) Point Cloud (Sample 215/1999) RGB Image (Sample 441/1999) Point Cloud (Sample 441/1999) l n pUt Anyt h| ng M ap
Min:l?)i[::)hMap(Sample215/1999) Min:[;_e;;tzh Map (Sample 441/1999) 2.50 RGB Camera Model
e . assembly i 512x512 . _ 2
. > assembly 128%128 Garigratad
T Point Cloud
okolace- . >
RGB Image (Sample 1607/1999) Point Cloud (Sample 1607/1999) pIC p ace 51 2x51 2 DlﬁuOSIon
. Pepth Map (Sample 1607/1999) Wa I | PO ll Cy
—— kDl Block Action
pick-place-
2 wal 128x128 - 3D Diffuslon Policy Framework
Success Rate
Pred basketball ' 512x512 . PIPELINE 2 :
Task: Assembly High Res (512*512;4096 points) Task: Assembly Low Res (128*128;512 points) basketball 128%128 Diffusion
RGB Image (Sample 0/1999) s oo Point Cloud (Sample 0/1999) RGB Image (Sample 0/1999) e e oo e Point Cloud (Sample 0/1999) 2D RGB DINO v2 =
Table 2: DINO v2 Pipeline ‘ Input > Model Policy
; 0 (dinov2_vits14 Backbone, 384-dim Block
features) RGB Camera
Image  Success 2D Feature
Task _ o
GT Pred Size Rate (%) Encoder (Replacing Pointnet
Encoder)
PIPELINE 2: Dino V2 Encoder hammer 128%128 85.0
Task: Assembly High Res (512*512;4096 points)
basketball 128%128 80.0 ,_.&
==---1  Future Work

basketball ' 912x512 50.0

1. DinoV2 delivered good results with single-view high-resolution
images; hence, in the future, we would like to extend the

dial-turn 128x128  15.0 architecture to multi-view inputs, as there is clear potential for

enhanced 3D reasoning.
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models such as UniK3D, MiDa$S, and Monodepth2.
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