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Abstract— Attics are one of the largest sources of energy
loss in residential homes, but they are uncomfortable and
dangerous for human workers to conduct air sealing and
insulation. Hexapod robots are potentially suitable for carrying
out those tasks in tight attic spaces since they are stable,
compact, and lightweight. For hexapods to succeed in these
tasks, they must be able to navigate inside tight attic spaces
of single-family residential homes in the U.S., which typically
contain rows of approximately 6 or 8-inch tall joists placed
16 inches apart from each other. Climbing over such obstacles
is challenging for autonomous robotics systems. In this work,
we develop a perceptive walking model for legged hexapods
that can traverse over terrain with random joist structures
using egocentric vision. Our method can be used on low-cost
hardware not requiring real-time joint state feedback. We train
our model in a teacher-student fashion with 2 phases: In phase
1, we use reinforcement learning with access to privileged
information such as local elevation maps and joint feedback.
In phase 2, we use supervised learning to distill the model
into one with access to only onboard observations, consisting
of egocentric depth images and robot orientation captured
by a tracking camera. We demonstrate zero-shot sim-to-real
transfer on a Hiwonder[1] SpiderPi robot, equipped with a
depth camera onboard, climbing over joist courses we construct
to simulate the environment in the field. Our proposed method
achieves nearly 100% success rate climbing over the test courses,
significantly outperforming the model without perception and
the controller provided by the manufacturer.

I. Introduction

Attics are one of the largest sources of energy loss in
residential homes. A typical unfinished attic is shown in Fig.
[[(a). A substantial reduction in home energy costs and its
carbon footprint can be achieved through attic air sealing and
insulation. However, it is usually difficult, uncomfortable, and
potentially dangerous for workers to carry out these tasks.
For example, since attics typically consist of multiple rows
of joist structures, a human worker could easily fall through
the attic floor and get seriously injured if he or she steps on
the sheetrock between two joists by mistake. Workers may
also need protective suits to protect themselves from toxic
substances during vacuuming and spray foaming, which are
common tasks for air sealing and insulation.

Lightweight legged robots are ideal platforms for navigat-
ing inside attics to carry out various tasks such as air-sealing
and vacuuming. To do so, we need to enable legged robots
to traverse in environments with dense and high joists. Since
most single-family residential home attics in the U.S. contain
approximately 6 or 8-inch high joists that are 16 inches apart,
it is important for legged robots to be able to autonomously
climb such joists inside attics.

1UC Berkeley, >Robotics at Google

(b) Time-lapse photo of SpiderPi climbing over joists

Fig. 1: (a): Photo of an unfurnished attic with joists. (b):
Time-lapse photo capturing the SpiderPi robot climbing over
8 joists using the method proposed in our work.

There has been a significant amount of work on
quadrupeds and bipedal robot locomotion. However, in this
work, we focus on using hexapods for joist climbing for two
main reasons. First, hexapod robots are by design more stable
and lightweight than quadrupeds and humanoids of similar
size. Secondly, bipedal or quadruped robots are often taller
than hexapods from the ground and are therefore less suitable
for traversing within tight spaces such as the corners of attics.

To facilitate the practical usage of robots in the retrofit
business, it is important for legged locomotion controllers
to work with low-cost hardware. However, most existing
legged locomotion systems require high-end robots capable
of real-time sensing of joint states, which could ultimately
result in expensive hardware. For example, model predictive
control methods such as [6] require powerful computation
resources and real-time joint feedback from expensive robot
platforms and often compromise real-time performance when
incorporating more complex dynamics. Data-driven methods
such as [2] can work with limited computation resources and
are robust to a variety of perception failures but need fast
joint state feedback. Many low-cost robots are not equipped
with powerful onboard computation or real-time feedback
such as joint torque and angle that are accessible on more
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