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Abstract

We demonstrate MonkeyBot, an end-to-end planning system
for adhesion-free multi-limbed robotic climbing. Unlike prior
climbing robots that assume stable anchoring at arbitrary sur-
face locations, MonkeyBot targets sparse, directionally con-
strained contact points and terrain gaps that require dynamic
maneuvers such as ballistic jumps. The system reduces the
continuous climbing task to a discrete Al planning prob-
lem via three tightly integrated components: a precomputa-
tion module that validates dynamic maneuvers and encodes
them as symbolic Transition Links (TLs); a classical plan-
ner operating over the resulting FDR task; and a physics-
based execution engine that translates high-level plans into
robot motion. To keep planning tractable, we introduce three
satisfiability-preserving pruning strategies that reduce the TL
action set by up to 95%. Experiments across 12 benchmark
instances show that pruning enables the planner to solve prob-
lems it could not otherwise handle within a 600-second time-
out, with the most effective strategy alone yielding a near-
threefold speedup. A video demonstration is available at:
https://www.youtube.com/watch?v=ex AnQHI9IMtI

Introduction

Steep and irregular terrain remains inaccessible to wheeled
rovers. Existing climbing robots such as the LEMUR series
(Parness et al. 2017), LORIS (Nadan, Backus, and Johnson
2024), and SCALER (Tanaka et al. 2022) rely on low-level
execution pipelines that assume broadly grippable or pre-
mapped surfaces. When this assumption fails, even a single
misgrip can be mission-ending.

We introduce MonkeyBot, a planning architecture that
unifies deterministic planning, dynamic feasibility checking,
and low-level execution. The system makes three contribu-
tions. First, a planning model for adhesion-free climbing: the
robot is modeled as a body with n limbs over a set of dis-
crete gripping points, yielding a Finite Domain Represen-
tation (FDR) task whose actions include limb release, reat-
tachment, and body shifts. This allows off-the-shelf classi-
cal planners to generate high-level climbing strategies with
no domain-specific search modifications. Second, Transition
Links (TLs): symbolic actions encoding dynamically feasi-
ble maneuvers such as ballistic jumps. Their feasibility is
governed by nonlinear constraints that cannot be encoded
directly in a symbolic planner, so each TL is validated of-
fline and injected into the planning instance as an ordinary

action. Third, pruning strategies that reduce the TL action
set by up to 95% while preserving solvability, making plan-
ning tractable on larger instances. The full system is demon-
strated in a 2D physics simulator (PyMunk), where a con-
troller maps planner output to limb-level execution.

System Description

Robot Model and Planning Domain. The virtual robot
consists of a rigid body center connected to n extensible
limbs. Each limb can independently extend and retract, at-
taching to or releasing from discrete gripping points on a 2D
climbing surface. The climbing environment is represented
as a set of gripping points V' C R2, each a location on the
wall where a limb tip can latch. A limb can reach any grip-
ping point within Euclidean distance E of the body center.
The robot must keep at least k limbs attached at all times to
remain stable.

This physical setup maps directly to a classical plan-
ning task in the Finite Domain Representation (FDR)
(Helmert 2006), formulated in the Unified Planning Frame-
work (Micheli et al. 2025). Each limb has a state variable
ranging over V U {0}, recording which gripping point it
currently holds (or that it is detached). The action set con-
sists of ATTACH;(p), which moves limb i to gripping point
p provided the remaining attached limbs allow the body to
be positioned within reach of p, and RELEASE;, which de-
taches limb ¢ provided stability is maintained. The goal is
to reach a body position from which a designated target lo-
cation is accessible. This formulation requires no domain-
specific search modifications: the LAMA planner (Richter
and Westphal 2008) is used directly on the propositional en-
coding.

Transition Links. Kinematic actions alone cannot bridge
large gaps between gripping point clusters, which require
dynamic maneuvers such as ballistic jumps. A Transition
Link (TL) 7 = (Ppre, Ppost) is @ symbolic action encoding
one such maneuver: its precondition specifies the required
source configuration, and its effect specifies the landing con-
figuration. Feasibility is verified offline by solving the bal-
listic equations and checking kinematic and velocity con-
straints; only validated TLs are injected into the planning
instance. The planner treats TLs identically to kinematic ac-
tions.

Pruning Strategies. Exhaustive TL generation yields in-
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tractably large action sets. We introduce three satisfiability-
preserving strategies: short-TL pruning removes TLs whose
target is already reachable by kinematic actions; same-
component pruning removes TLs between configurations in
the same connected component of the gripping-point reacha-
bility graph; and same-end-center pruning deduplicates TLs
whose targets expose identical sets of reachable gripping
points. Together these reduce TL counts by up to 95%.

Physics Simulator and Controller. A 2D rigid-body simu-
lator (PyMunk) models the body, spring-jointed limbs, and
contact dynamics. A controller translates planner output into
limb-level commands, executing precomputed TL trajecto-
ries for dynamic maneuvers and simple attach/release se-
quences for kinematic steps.

System Properties

Robustness. Correctness is enforced at two layers. Every
TL is validated offline: a trajectory exists only if the ballis-
tic equations and kinematic constraints are jointly satisfied,
so no infeasible dynamic action can enter the planning in-
stance. At the symbolic level, the FDR formulation guaran-
tees that any plan returned by the planner is executable under
the model. The physics simulator then serves as a ground-
truth check: the demonstration shows planned sequences ex-
ecuting in PyMunk, making failures immediately visible.
Generalization. The planning model is parameterized en-
tirely by gripping point coordinates, robot reach E, limb
count n, and stability threshold k. Any terrain layout ex-
pressible in these terms produces a valid planning instance
automatically, with no hand-crafted domain knowledge. The
demonstration includes multiple distinct terrain configura-
tions to illustrate this directly.

Scalability. The bottleneck is TL precomputation, whose
cost grows with gripping point density. Pruning is what
makes the approach practical: without it, TL counts exceed
30,000 on larger instances and the planner times out; with
same-component pruning alone, counts drop by up to 95%
and previously intractable instances become solvable. In-
stance 10 in our benchmark remains unsolved under all con-
figurations, marking a concrete open challenge.
Deployment Effort. No learning, training data, or hyperpa-
rameter tuning is required. The only inputs are the geomet-
ric parameters above. Precomputation is a one-time offline
step per environment; the planner and controller then run
on commodity hardware (experiments used an Intel Core i7-
6700K).

Demonstration

The live demonstration will show the full MonkeyBot
pipeline: gripping point configuration input, TL precompu-
tation and pruning, plan generation, and physics-based exe-
cution in PyMunk. Attendees will be able to modify gripping
point layouts and observe how the system adapts its plan. A
pre-recorded video is available at:

https://www.youtube.com/watch?v=ex AnQHI9IMtI
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