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Abstract— Non-prehensile manipulation of diverse objects
remains a core challenge in robotics, driven by unknown phys-
ical properties and the complexity of contact-rich interactions.
Recent advances in contact-implicit model predictive control
(CI-MPC), with contact reasoning embedded directly in the
trajectory optimization, have shown promise in tackling the task
efficiently and robustly, yet demonstrations have been limited
to narrowly curated examples. In this work, we showcase the
broader capabilities of CI-MPC through precise planar pushing
tasks over a wide range of object geometries, including multi-
object domains. These scenarios demand reasoning over numer-
ous inter-object and object-environment contacts to strategically
manipulate and de-clutter the environment, challenges that
were intractable for prior CI-MPC methods. To achieve this,
we introduce Consensus Complementarity Control Plus (C3+),
an enhanced CI-MPC algorithm integrated into a complete
pipeline spanning object scanning, mesh reconstruction, and
hardware execution. Compared to its predecessor C3, C3+
achieves substantially faster solve times, enabling real-time
performance even in multi-object pushing tasks. On hardware,
our system achieves overall 98% success rate across 33 objects,
reaching pose goals within tight tolerances. The average time-
to-goal is approximately 0.5, 1.6, 3.2, and 5.3 minutes for 1-,
2-, 3-, and 4-object tasks, respectively. Project page: https:
//dairlab.github.io/push—anything.

I. INTRODUCTION

A key challenge in robotic manipulation is planning dy-
namic, contact-rich motions with objects of arbitrary ge-
ometries, especially within cluttered, multi-contact environ-
ments. Model-based approaches like contact-implicit model
predictive control (CI-MPC) [1]]-[3]] are promising for these
tasks as they include contact terms as part of real-time
trajectory optimization. However, CI-MPC relies on local
approximations of nonlinear dynamics, which can restrict its
effectiveness to regions where these approximations hold.
To address this limitation, Venkatesh, Bianchini et al. [4]
augment CI-MPC, specifically using Consensus Comple-
mentarity Control (C3) [[1], with global exploration through
low-dimensional sampling of end effector positions. Their
approach separates task execution into a contact-free stage,
where the robot follows easily computed collision-free paths,
and a contact-rich stage, during which CI-MPC effectively
guides the robot to make and break contacts as long as
the local dynamics permit progress toward the goal. De-
spite these advances, prior demonstrations have largely been
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Fig. 1.
end effector to push and rearrange four objects from an initial cluttered
configuration.

Experimental Setup: The Franka Emika Panda arm uses a spherical

restricted to single-object scenarios with precisely known
geometries, mass, and inertia from CAD models, limiting
their applicability to online, real-world settings. Moreover,
tasks involving complex multi-object interactions, such as
resolving cluttered scenes, remain intractable for prior CI-
MPC methods as problem complexity grows exponentially
with the number of contacts.

We introduce Push Anything, a manipulation pipeline
for real-time planar pushing of a wide variety of objects,
including multi-object scenes. Push Anything integrates real-
world object scanning and mesh reconstruction, robust object
tracking, and a controller built on the framework of [4]]
with improvements to the local CI-MPC. Central to these
improvements is Consensus Complementarity Control Plus
(C3+), an enhanced version of C3 that substantially accel-
erates solve times, enabling the system to reason over nu-
merous inter-object and object-environment contacts across
multi-step horizons. Our pipeline shows high-precision ma-
nipulation of diverse objects on hardware, including multi-
object decluttering tasks that were previously intractable.

In this paper, we contribute:

o Push Anything: A fully-integrated manipulation system
that processes real-world scans to reconstruct object
geometry, tracks objects robustly, and plans contact-rich
pushing motions in real-time.

o Consensus Complementarity Control Plus (C3+):
An enhanced CI-MPC algorithm capable of effi-
ciently reasoning over numerous inter-object and ob-
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