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Where Should I Walk?
Predicting Terrain Properties from Images via
Self-Supervised Learning
Lorenz Wellhausen1 , Alexey Dosovitskiy2 , René Ranftl2 , Krzysztof Walas3 , Cesar Cadena4 , and Marco Hutter1

Abstract—Legged robots have the potential to traverse diverse
and rugged terrain. To find a safe and efficient navigation path
and to carefully select individual footholds, it is useful to be
able to predict properties of the terrain ahead of the robot.
In this work, we propose a method to collect data from robotterrain interaction and associate it to images. Using sparse data
acquired in teleoperation experiments with a quadrupedal robot,
we train a neural network to generate a dense prediction of the
terrain properties in front of the robot. To generate training
data, we project the foothold positions from the robot trajectory
into on-board camera images. We then attach labels to these
footholds by identifying the dominant features of the force-torque
signal measured with sensorized feet. We show that data collected
in this fashion can be used to train a convolutional network
for terrain property prediction as well as weakly supervised
semantic segmentation. Finally, we show that the predicted
terrain properties can be used for autonomous navigation of the
ANYmal quadruped robot.
Index Terms—Semantic Scene Understanding; Visual-Based
Navigation; Visual Learning

I. INTRODUCTION
OBOT navigation through natural environments poses
numerous challenges not present in indoor and other
man-made environments. Perceived terrain geometry cannot
be assumed to be rigid without severely restricting operational
capabilities, for instance in the presence of vegetation. Even
flat ground might not be negotiable without the risk of failure
in the presence of bodies of water, sand and other challenging
terrain types. Moreover, terrain properties change depending
on the environmental conditions such as precipitation (e.g.
dry vs. wet sand) and temperature (e.g. water vs. ice). Because these properties typically cannot be directly measured
remotely, they need to be estimated from sensor streams in
order to enable safe and efficient navigation and individual
foothold selection.
Previous methods largely focus on purely geometric environment models for traversability estimation [1], [2], [3].
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Fig. 1: Robot footholds are projected into camera images to automatically obtain label values. They are used to train a convolutional
network to predict dense terrain properties from images.

Unfortunately, information provided by these approaches is
not sufficiently detailed to support effective locomotion in
complex natural environments. To overcome these limitations,
terrain classification is widely employed for more detailed
terrain perception [4], [5]. However, these methods are typically limited to a manually pre-defined fixed set of terrains
and usually do not account for intra-class property variations.
Additionally, ground interaction dynamics depend on robot
morphology and locomotion mode and are difficult to impossible to obtain via hand-annotation, without terrain interaction.
A. Contribution
In this paper, we take a step towards fully automated
self-supervised learning and prediction of navigation-relevant
terrain properties. We approach the problem by associating
terrain information obtained from robot operation with camera
images. To this end, we project robot footholds to the camera
frame. To obtain image labels associated with the footholds,
we estimate the terrain properties automatically and without
any human intervention, by measuring the interaction during
locomotion using sensorized feet.
We deploy and test the proposed system on the ANYmal
quadruped [6]. Based on recordings of terrain interaction, we
derive a ground reaction score, which serves as a measure
for the difficulty of terrain negotiation. To accurately regress
this score from images, we then train a convolutional network
(CNN). Moreover, we show that semantic terrain segmentation
labels for over 70, 000 images can be obtained with less
than an hour of manual work and can be used to train an
accurate segmentation model. Finally, navigation trials that use

