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Abstract

In alpine multi-pitch climbing orientation and wayfinding is a
complex and crucial task. So called topo maps usually pro-
vide a rough overview of multi-pitch routes. However, these
topo maps require high expertise in reading and wayfinding
during the actual climb. In such alpine environments taking
the “wrong turn” may quickly lead into critical situations.

This position paper proposes a vision towards navigation
and life-logging of multi-pitch climbing using wearables and
drones. First, we introduce a scenario that describes how
the approach works in an alpine multi-pitch climbing route.
Second, we discuss our technology visions more in detail.
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Motivation

In alpine multi-pitch climbing orientation and wayfinding

is a complex and crucial task. Taking the “wrong turn” may
quickly lead into critical situations. In addition quickly chang-
ing weather condition sometimes make orientation even



Figure 1: Example topos:hand-drawn topo sketch (left) and
annotated photograph(right).

more complicated. In outdoor rock climbing, routes are
commonly described in topo maps. These topos give a
detailed description of the route by hand-drawn sketches
or annotated photographs (see Figure 1 [4, 6] ). However
especially for long multi-pitch routes these topos can only
provide a rough overview of the actual climb and thus re-
quire high expertise in route reading and wayfinding during
the climb.

Very few related work exists with respect to the tracking

of climbing routes and navigation in multi-pitch climbing.
Schéning et al. [5] envisioned location based services and
navigation in the vertical domain. They discussed ideas
such as augmented reality and hands-free interaction.
Ladha et al. [3] used wrist worn accelerometer sensors to
assess the climbing performance of the user. An evaluation
of the system during a climbing competition resulted in a
positive correlation between the predicted and the actual
score of the participants. Kosmalla et al. [2] proposed an
approach that uses sensor-fused orientation information
and accelerometer data of a 9 degrees of freedom (DOF)

IMU to track and automatically recognize climbed indoor
routes. Their approach achieved high recognition rates for
indoor routes but in its current form it most probably will

not work for outdoor climbing due to the diversity of holds
and climbing styles on natural rock. Kajastila and Hamalai-
nen [1] investigated 3D topo maps. They present an inter-
active 3D topo of a large boulder and discuss the creation
process. An online survey gave initial insights how 3D topos
can be utilized for information sharing and planning in rock
climbing.

In the following we propose a vision towards navigation
and life-logging of multi-pitch climbing using Wearables and
Drones. First, we introduce a scenario that describes how
the approach works in an alpine multi-pitch climbing route.
Second, we discuss how we aim to acheive this vision with
wearbale and drone technology.

Scenario

Jon and Jane have carefully planned an alpine climb in the
Ratikon area. The weather forecast predicts isolated thun-
derstorms. Since they are experienced climbers they de-
cide to give it a try. Guided by their outdoor GPS device
they hike up early in the morning. The approach to the ac-
tual base of the climb was strenuous due to old snow fields
and thus took longer than expected. Shortly before they
reach the base of the climb they try to get an overview of
the whole route by inspecting the mountain from farther
away in order to match the topo sketch of the route to the
actual structure of the rock (see Figures 1 and 2). The
switch off the GPS since it is not possible to navigate in the
vertical with such a device. They now prepare the printed
topo sketch and activate their both their ClimbTracker wear-
able and a small drone that is attached to the backpack of
the climber. In the third pitch they are unsure which line to
follow. So they use the drone as scout to explore the terrain



Figure 2: Climbing in a multi-pitch route.

above the belay. Happily, with the help of the drone they
were able to spot the next belay and plan a strategy how to
climb this pitch. In the middle of their climb there is a long
and difficult traverse which is a point of no return since ab-
seiling or climbing-back is almost impossible. So they have
to decide if they should proceed based on the weather con-
ditions. They check their current fatigue level on the climb
tracker and use the drone to inspect the clouds behind the
mountain to get an impression about potential thunder-
storms. Since they feel good and the sky looks promising
the decide to continue up the mountain.

Multi-pitch Climb Tracking and Navigation

We envision the following approach that consists of a wear-
able device and a personal drone to guide climbers and
allow life-logging of their climbing experience. We plan to
explore this approach at the workshop.

Climb Tracking

The wearable device can be used to continuously log sen-
sor data such as IMU data, barometric altitude, bio sensor
data in order to match it with drone photos in order to gen-
erate an interactive topo map of the climb that improves
orientation during the climb.

The drone can be used to capture (representative) imagery
of the route or video footage of (parts of) the climb.

The logged data can be then used as input for the naviga-
tion system. Due to the inaccuracy of GPS especially in the
vertical dimension a climbing navigation system requires a
more elaborated approach

Navigation

Besides investigating which sensor data is useful it needs
to be explored how the climb needs to be captured to pro-
vide a comprehensive visualisation to optimally guide the
climber in real-time.

Based on the knowledge of current position of the climber
in the route potential user interfaces to navigate the climber
while standing at a belay or climbing a pitch.

At the belay:
« Textual or static image information that describe the
next pitch
« Aerial drone imagery that is annotated by route infor-
mation

During climbing:

« Auditory information, a compass view on a smart-
watch or smart glasses



» Augmented Reality the projects the route into the field
of view

» Drone-based Life-Logging Experiences in the Moun-
tains

The life-log of the climb consists of progress of the climb
that is matched to the topo map and annotated with bio-
sensor information as well as drone-selfies. This enables
climbers to analyse their personal performance but also
provide new ways to tell and present the story of their climb-
ing experience.

Conclusion

In this position paper we discuss our vision towards naviga-
tion and life-logging of multi-pitch climbing using wearables
and drones. First, we introduced a scenario that describes
technology use in alpine multi-pitch climbing. Second, we
discussed how we aim to acheive this scenario with wear-
bale and drone technology.

In future work we will develop a prototype that implements
these ideas. We will further evaluate the prototype in an
alpine environment and during the field trip of the UbiMount
workshop at the outdoor climbing crack.
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