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Abstract +Ai2

Deploying robots at scale demands robustness to the long tail of everyday situations. The countless variations
in scene layout, object geometry, and task specifications that characterize real environments are vast and
underrepresented in existing robot benchmarks. Measuring this level of generalization requires infrastructure
at a scale and diversity that physical evaluation alone cannot provide. We introduce MolmoSpaces, a fully
open ecosystem to support large-scale benchmarking of robot policies. MolmoSpaces consists of over 230k
diverse indoor environments, ranging from handcrafted household scenes to procedurally generated multiroom
houses, populated with 130k richly annotated object assets, including 48k manipulable objects with 42M stable
grasps. Crucially, these environments are simulator-agnostic, supporting popular options such as MuJoCo, Isaac,
and ManiSkill. The ecosystem supports the full spectrum of embodied tasks: static and mobile manipulation,
navigation, and multiroom long-horizon tasks requiring coordinated perception, planning, and interaction across
entire indoor environments. We also design MolmoSpaces-Bench, a benchmark suite of 8 tasks in which robots
interact with our diverse scenes and richly annotated objects. Our experiments show MolmoSpaces-Bench
exhibits strong sim-to-real correlation (R = 0.96, p = 0.98), confirm newer and stronger zero-shot policies
outperform earlier versions in our benchmarks, and identify key sensitivities to prompt phrasing, initial joint
positions, and camera occlusion. Through MolmoSpaces and its open-source assets and tooling, we provide a
foundation for scalable data generation, policy training, and benchmark creation for robot learning research.

1 Introduction

Recent advances in robot learning [1—4], have given rise to increasingly general, open-vocabulary policies, capable
of zero-shot deployment. As we work towards generalist robots, it becomes important to consider how to evaluate
and measure the performance of these policies. State-of-the-art models are already nearing saturated performance on
several established tasks, providing little signal to drive further progress [5]. Moreover, most manipulation benchmarks
frequently focus on short-horizon skills in a single scene, failing to probe the long-horizon, compositional challenges
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Figure 1 MolmoSpaces is an open ecosystem consisting of a large number of simulation environments, 3D articulated objects,
and tasks for training and evaluating robot navigation and manipulation at scale. It provides object metadata, grasps, and tooling to
generate training data, create benchmarks, and evaluate policies in a manner that correlates with real-world performance.

that arise in realistic environments [6—11].

The real world presents an extraordinarily long tail of situations a robot must handle. Kitchens vary in layout, lighting,
and clutter. Objects come in countless shapes, sizes, and materials. Instructions can be phrased in myriad ways. A
truly generalist policy must be robust to not just the common cases but to the vast combinatorial space of environments,
objects, and tasks that constitute everyday life. Estimating a policy's ability to do so requires evaluating on a far broader
distribution of tasks, environments, and objects than ever before.

Simulation offers a compelling path to enable this level of rigor and scale in evaluation. Unlike physical experiments,
which are expensive, slow, and dif cult to reproduce, simulation enables systematic assessment across thousands
of controlled scenarios. Rather than testing on a handful of cherry-picked scenarios, we can characterize policy
performance across the full distribution of environments a robot might encounter. However, effective simulation for
mobile manipulation must simultaneously support scene-scale diversity, physical realism, articulated interactions, and
long-horizon compositional tasks in realistic indoor environments. For simulation experiments to be useful, results
in simulation must attain strong correlation with real-world performarié [However, existing simulators and
benchmarks remain limited. Many provide only dozens of scenes or objects, lack realistic physics or visuals, or support
a narrow range of tasks.

We introduce MolmoSpaces, an end-to-end large-scale ecosystem for robotics research illustrated in Figure 1. Molmo-
Spaces uni es diverse scenes, objects, tasks, and tools for training and evaluating generalist robot policies. It contains
over 230k diverse indoor environments spanning a wide range of layouts and scene types, which enables evaluation
across the long tail of real-world spatial con gurations. It also includes more than 130k high-quality rigid and articulated
object models with rich semantic and physical metadata, which supports assessment of generalization to novel objects.
In addition, MolmoSpaces provides over 42M annotated grasps across 48k interactive rigid and articulated objects,
which offers ground-truth supervision for grasp success evaluation. Our assets and scenes dataset can be loaded into
multiple simulators (MuJoCo [13], IsaacSim [14], and ManiSkill [15]), all backed by high- delity physics.

Using this ecosystem, we construct MolmoSpaces-Bench, a new benchmark suite that evaluates robot policies on 8
base tasks—navigate-to, pick, pick-and-place, pick-and-place-next-to, pick-and-place-color, open, close, and open-door
(Sec. 4.1)- in never-before-seen environments, all zero-shot (i.e. with no ne-tuning on benchmark data). Importantly,
the entire MolmoSpaces platform is open-source and extensible. This means that beyond the benchmarks we report,
researchers can leverage MolmoSpaces to synthesize their own datasets of scenes, objects, and tasks for training robust
robotic policies at scale. We hope that by providing a community-driven ecosystem of this scope, we will accelerate
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