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Abstract

Recently, leveraging pre-trained vision-language models (VLMs) for building vision-language-
action (VLA) models has emerged as a promising approach to effective robot manipulation learn-
ing. However, only few methods incorporate 3D signals into VLMs for action prediction, and they
do not fully leverage the spatial structure inherent in 3D data, leading to low sample efficiency. In
this paper, we introduce BridgeVLA, a novel 3D VLA model that (1) projects 3D inputs to multi-
ple 2D images, ensuring input alignment with the VLM backbone, and (2) utilizes 2D heatmaps
for action prediction, unifying the input and output spaces within a consistent 2D image space. In
addition, we propose a scalable pre-training method that equips the VLM backbone with the ca-
pability to predict 2D heatmaps before downstream policy learning. Extensive experiments show
the proposed method is able to learn 3D manipulation efficiently and effectively. BridgeVLA out-
performs state-of-the-art baseline methods across three simulation benchmarks. In RLBench, it
improves the average success rate from 81.4 % to 88.2 % . In COLOSSEUM, it demonstrates sig-
nificantly better performance in challenging generalization settings, boosting the average success
rate from 56.7 % to 64.0 % . In GemBench, it surpasses all the comparing baseline methods in
terms of average success rate. In real-robot experiments, BridgeVLA outperforms a state-of-the-
art baseline method by 32 % on average. It generalizes robustly in multiple out-of-distribution
settings, including visual disturbances and unseen instructions. Remarkably, it is able to achieve a
success rate of 96.8 % on 10+ tasks with only 3 trajectories per task, highlighting its extraordinary
sample efficiency.

Project Page: https://bridgevla.github.io/
Corresponding Email: wuhongtao.123@bytedance.com; tnt@nlpr.ia.ac.cn
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Overall Task Success Rate ( % )

Models Avg. Avg. Close Drag ‘ Insert ‘ Meat off Open ‘ Place ‘ Place ‘ Push
SR (% )1 Rank | Jar Stick Peg Grill Drawer Cups Wine Buttons
Image-BC (CNN) [? 7 ] 1.3 | 9.3 0.0 | 0.0 0.0 0.0 | 0.0 4.0 0.0 0.0
Image-BC (ViT) [? ? | 1.3 9.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C2F-ARM-BC [? ? | 20.1 | 87 240 | 240 4.0 200 | 200 0.0 8.0 72.0
HiveFormer [? ] 45.3 6.9 52.0 76.0 0.0 100.0 52.0 0.0 80.0 84.0
PolarNet [? ] 46.4 | 65 36.0 | 920 4.0 100.0 |  84.0 0.0 40.0 96.0
PerAct [? ] 49.4 6.3 552+ 4.7 89.6+41 | 56+£41 | 704+20 880+57 | 24+£32 | 448+78 | 928 +£3.0
Act3D [? | 650 | 43 920 | 920 27.0 940 | 930 3.0 80.0 99.0
RVT [? | 62.9 44 52.0 £ 2.5 992+16 | 11.2+£30 | 88.0+£25 712+69 | 40£25 | 91.0+5.2 | 100.0 £ 0.0
3D Diffuser Actor [? ] 81.3 | 25 96.0 2.5 | 100.0 £ 0.0 | 65.6 +4.1 | 968 £ 1.6 | 89.6 £ 41 | 240+ 7.6 | 93.6 £4.8 | 98.4+2.0
RVT-2 [? ] 81.4 2.5 100.0 £ 0.0 99.0 £1.7 | 40.0£0.0 | 99.0 £ 1.7 74.0+11.8 | 38045 | 950+ 3.3 | 100.0 + 0.0
BridgeVLA (Ours) 88.2 | 19 100.0 & 0.0 | 100.0 = 0.0 | 88.0 & 2.8 | 100.0 = 0.0 | 100.0 £ 0.0 | 58.4 £ 10.0 | 88.0 £2.8 | 98.4 £ 22
Models Put in Put in Put in Screw Slide Sort, Stack Stack Sweep to Turn
Cupboard Drawer Safe Bulb Block Shape Blocks Cups Dustpan Tap
Image-BC (CNN) [? ? | 0.0 | 80 4.0 | 0.0 0.0 0.0 | 0.0 0.0 0.0 8.0
Image-BC (ViT) [? ? ] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.0
C2F-ARM-BC [? ? | 0.0 | 40 120 | 8.0 16.0 8.0 \ 0.0 0.0 0.0 68.0
HiveFormer [? | 32.0 68.0 76.0 8.0 64.0 8.0 8.0 0.0 28.0 80.0
PolarNet [? | 12.0 | 320 84.0 | 440 56.0 120 | 4.0 8.0 52.0 80.0
PerAct [? ] 280+44 512447 | 840+£36 17.6+20 | 740+13.0 | 168+47 264+32 | 24+£20 | 520+£00 | 88.0 + 4.4
Act3D [? | 51.0 | 900 950 | 470 93.0 8.0 12.0 9.0 92.0 94.0
RVT [? ] 496+32 880+57| 912+30 480457 | 81.6+54 | 36.0+£25 288439 | 264+£82 | 72000 | 93.6 4.1
3D Diffuser Actor [? ] 85.6+4.1 [ 96.0+3.6 | 97.6+2.0 | 824+2.0 | 97.6+£3.2 | 440+44 | 683+£33 | 47.2+£85 | 84.0+£44 | 992+ 16
RVT-2 [? ] 66.0 45 96.0+0.0 | 960+28 88.0+49 | 920+28 | 35071 80.0+28 | 69.0+59 | 100.0+0.0 | 99.0 + 1.7
BridgeVLA (Ours) 73.6+46 [ 99.2+18 | 99.2+18 | 872+6.6 | 96.0+28 | 608+ 77 | 768 +87 | 81.6+3.6 | 87.2+£1.8 | 92.8 £33
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