Open access

Original scientific paper

https://doi.org/10.5552/crojfe.2025.3270

Developing a User-Friendly Interface for
Interactive Cable Corridor Planning

Carl O. Retzlaff, Christoph Gollob, Arne Nothdurft, Karl Stampfer, Andreas Holzinger

Abstract

Traditional methods of determining cable corridor layouts often rely on less accurate tree maps
based on forest density estimates and satellite imagery, which can lead to designs that rely on
infeasible corridors, undermining their reliability. In our previous research, we used LiDAR
forest maps to calculate highly realistic cable corridors in steep terrain. We then used a multi-
objective optimization strategy to determine an optimal combination of possible cable corridors,
taking into account costs as well as ergonomic and environmental factors. The optimization
process is however not easily accessible to users not familiar with mixed integer linear pro-
gramming approaches. To make the optimization process more accessible to forestry profes-
sionals, we have developed an interactive interface to support the layout planning process.
This interface provides an interactive overview, a 3D perspective of the current layout, and
detailed information on costs and metrics of the current cable corridor layout, facilitating the
comparison and modification of different corridor layouts. The interface was evaluated by three
subject-matter experts and their suggestions were incorporated into the presented version. The
resulting tool can help experts use optimized cable corridor layouts in the planning process,

and represents another step towards the digitalization of forestry.
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1. Introduction

Multi-objective optimization of cable corridor plan-
ning is a key component of the digital transformation
in forest operations (Holzinger et al. 2022, Holzinger
etal. 2024). Multi-objective optimization allows to con-
sider multiple criteria simultaneously, such as envi-
ronmental impact, cost efficiency, and operational
safety, when planning cable corridor layouts. By inte-
grating computational techniques into the planning
process, forest management can transition from tradi-
tional methods based on simple heuristics to more
systematic, efficient, and sustainable practices. This
shift not only aligns with the broader goals of digital
transformation but also enhances the sustainable man-
agement of forest resources, illustrating the potential
of digital innovations to tackle complex environmental
and operational challenges. In European silviculture,
the trend towards smaller extraction volumes and har-
vesting areas has increased extraction costs (Schweier
et al. 2020). These costs can be mitigated by mathemat-
ically optimizing cable corridor planning, which al-
lows for the determination of cost-minimal layouts.

However, the practical application of optimization
approaches has been limited by inherent inaccuracies
of the corridor placement when using remote sensing
data (Bont et al. 2019). Satellites are often the main
source for Remote Sensing data and, in practical ap-
plications, they are limited to a resolution of 10 meters
for most bands, which makes the estimations of veg-
etation-density and tree placements little accurate
(Acito et al. 2022). Ramstein et al. (2022) demonstrate
how remote sensing data can be processed to identify
potential support trees, with location deviations aver-
aging between 1.8 and 1.9 meters from the actual tree
positions. While this research highlights the potential
for creating cable corridor layouts based on remote
sensing data, it also acknowledges that in steep and
complex terrain, data inaccuracies can result in lay-
outs relying on infeasible supports, which can dimin-
ish confidence in the computed results. These issues
underscore the need for more precise and realistic
cable corridor layouts for complex terrain, where
Retzlaff et al. (2024a) introduced a method for simulat-
ing cable corridors using high-definition forest maps
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to tackle these issues, enhancing the realism and reli-
ability of the calculated cable corridors.

Another obstacle to the applicability of optimiza-
tions, apart from issues related to reliance on gener-
ated layouts, lies in the nature of optimization meth-
ods. Research into the automatic determination of
optimal cable corridor locations has been extensive,
with significant contributions from Chung and
Sessions (2003), Dykstra and Riggs (1977), and
Sessions (1992). Various optimization methods have
been introduced to identify cost-minimal harvesting
units and to allocate equipment, but for larger practi-
cal problems approximation algorithms have been
necessary as the computational complexity increases
exponentially with the problem size (Chung et al.
2004, Dykstra and Riggs 1977, Epstein et al. 2006).
However, newer approaches, as well as recent advanc-
es in computing power, have made it possible to tack-
le ever larger problems, even allowing the optimiza-
tion of areas of several hectares in size (Bont et al.
2019). See Bont and Church (2018) for an in-depth dis-
cussion of the mathematical background of optimiza-
tion in forestry.

Retzlaff et al. (2024b) introduced a multi-objective
optimization strategy for LiDAR-based cable corridor
layouts, allowing users to balance various objectives.
In line with Retzlaff et al. (2024b), we refer to those
objectives as defined in the following paragraph. The
cost of cable corridor layouts is quantified using pro-
ductivity models from Ghaffariyan et al. (2009) and
setup and takedown time estimates from Stampfer et
al. (2013). Environmental impact is measured by re-
sidual stand damage, which is influenced by lateral
yarding distance and affects forest stability and vital-
ity (Limbeck-Lilienau 2002). Ergonomic impact is as-
sessed through lateral yarding workload, which in-
creases with distance and affects worker safety
(Berendt et al. 2020). We recognize that although these
results are a first step for the application of optimiza-
tion in forestry, they are mostly accessible for academ-
ic users with a background in mixed integer linear
programming, which has minimal overlap with our
target audience of forestry experts.

Academic research should however not only pres-
ent trustworthy results, but also ensure their transfer-
ability to the real world. There is often a significant
gap between academic findings and their practical
implementation due to the highly specific nature of
the results and the substantial hurdles encountered in
their application (Gera 2012). In our case, the area first
has to be scanned with a LiDAR scanner, then an ex-
pert has to process the point cloud data, an expert has
to process the data and compute the appropriate sup-
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ports (refer to our previous publication Retzlaff et al.
(2024a)), and then compute optimal solutions with ap-
proaches such as Retzlaff et al. (2024b). This process is
overall very technical, and user interfaces can help
with enhancing accessibility for the intended users.

The objectives of this publication are the presenta-
tion as well as the development and evaluation of an
interface to simplify the interaction with our simula-
tion and optimization of cable corridors. The present-
ed interface is a Jupyter-based tool which loads the
simulated cable roads of Retzlaff et al. (2024a) as well
as the results of the multi-objective optimization of
Retzlaff et al. (2024b) and allows the user to compare
the resulting cable corridor layout as well as modify
them. We aim to provide a comprehensive and interac-
tive overview of the cable corridor layouts, and allow
users to compare the properties of current layouts
with different optimal layouts, manually select, mod-
ify, and compare different cable corridor layouts, and
gain a better understanding of the trade-offs between
different optimal solutions. As Mao et al. (2005) em-
phasize, it is crucial to develop solutions aimed at do-
main experts in collaboration with those experts,
which allows for the integration of domain knowledge
and specific feedback that would otherwise be inac-
cessible. In line with this, the interface was developed
in conjunction with three subject-matter experts, en-
hancing its usability and improving its value for the
end-user.

2. Materials and Methods

2.1 Technical Implementation

In our study, we used Jupyter Notebook, a web-based
interactive computational environment (Kluyver et al.
2016), in conjunction with ipywidgets (»jupyterwid-
gets/ipywidgets« 2024), to construct an accessible and
user-friendly interface. The code for the interface is
openly accessible and can be found in our GitHub re-
pository (Retzlaff 2023).

The interface provides a comprehensive 2D over-
view of the current layout, highlighting the currently
selected cable roads as well as the trees assigned to
them. It also displays a Pareto frontier, representing
all the optimal solutions based on the multi-objective
optimization strategy and showing their tradeoffs.
Additionally, the interface provides several properties
of the current cable corridor layout, such as cost, ergo-
nomic, and ecological factors as defined in Retzlaff et
al. (2024b). The individual components of the interface
are elaborated upon in Section 3.1.
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2.2 Interview Process

To ensure the effectiveness and usability of our inter-
face, we implemented semistructured interviews with
three experts in the field of forestry operations. These
experts, with their hands-on experience in planning
cable corridor layouts and working with cable yard-
ing, provided insights into the practical applications
of our interface. Transcripts for the interviews can be
found in the supplementary material. The interviews
lasted from 30 to 60 minutes, with the expert being
structured in three parts. Transcripts of the interviews
are provided in the supplementary materials. The first
ten minutes were allocated to introducing the inter-
face, where the general aim of the interface and its
intended purpose are explained. The interviewer also
explained the major interface components and an-
swered any questions. In the second part of the inter-
view, the experts were given the opportunity to use
the interface themselves and explore the different
components, taking an average of ten to twenty min-
utes. In the third part of the interview, we provided
further explanation on some of the more advanced
functionalities and opened the discussion of the inter-
face, taking about 20 to 30 minutes. This last part of
the interview was also used to gather explicit feedback
as well as discuss new ideas for additions or changes
to the interface. Notes were taken during the inter-
view, and propositions for their implementations were
discussed with the experts.

All experts were chosen based on their experience
in the field of forest engineering and especially cable
corridor planning. The experts (also referred to as ex-
perts) did not receive financial or other compensation
for their participation. Expert 1 was working at the
same institute as the main author and is recognized as
a forest technology expert, but was otherwise not in-
volved in this publication. The other experts were re-
cruited as professional contacts of the authors and are
not otherwise affiliated with this publication. The ex-
perts reviewed the interface within the context of cable
harvesting practices in Austria, which may limit the
broader applicability of our findings.

Expert 1 had an academic background with the
focus on cable corridor planning and mathematical
optimization in forestry. Their expertise was at the in-
tersection of theoretical knowledge and practical ap-
plication, and they have spent considerable time re-
searching and implementing strategies for efficient
and sustainable forestry practices, with a particular
emphasis on cable corridor planning. Expert 2 and 3
have an engineering background from an Austrian
harvesting and paper production company. Their
combined hands-on experience spans several decades,
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during which they have planned and conducted cable
yarding operations in a variety of terrains. This practi-
cal knowledge is invaluable in understanding the real-
world challenges and nuances of cable corridor har-
vesting. Furthermore, they have experience with
conducting training courses for cable yarding, demon-
strating a thorough understanding of cable corridor
planning practices as well as the ability to effectively
communicate complex concepts.

2.3 Development Approach

The interface development approach presented in this
paper followed an iterative process as suggested by
Branton et al. (2013) and Nacheva (2017). See Fig. 1 for
a visualization of the interface development process.
The first step of our approach was to identify the target
users, based on the approach by Branton et al. (2013).
As target users, we identified foresters developing
a cable corridor layout for a given area. They want to
find the best possible layout for their use-case, also
involving a tradeoff between costs, worker stress and
ecological factors. The target users have moderate
technical proficiency in information technology, but
possess expert knowledge of the forest environment
and the physical considerations of cable corridors. The
next step was to gather requirements for the interface
as defined in the system requirements phase by
Nacheva (2017). The identified requirements include
the ability to quickly change corridor configurations,
compare different layouts, and receive relevant details
about costs and other aspects of the current layout. We
furthermore highlight the requirement to speak the
users language, one of the ten golden rules of interface
design by Nielsen (1994). This requirement can only
be fulfilled by collaboration with subject matter ex-
perts, ensuring that the appropriate terminology is
used in our interface.

The third step included defining the features to
implement, which aligns with the sketching phase as
outlined by Nacheva (2017). We decided on the follow-
ing features to be included: a main contour map that
displays the cable corridors, a Pareto frontier that pres-
ents the computed optimal solutions and their trad-
eoffs, and tables with information about the currently
selected cable corridors and the overall layout costs.

The fourth step involves developing a prototype
from the initial designs to create a working model of
the interface, allowing developers to see their plans in
action. This prototype is a preliminary version of the
interface, and was developed in a Jupyter notebook.

In the fifth step, we conducted a user testing and

iteration loop, corresponding to the exploring usabil-
ity phase from Branton et al. (2013). During this phase,
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Fig. 1 Flowchart of interface development process

the prototype underwent usability testing, with the us-
ers providing feedback through observation and inter-
views. Based on the feedback received, we iterated on
the design, goingback to the third stage of defining new
features to implement and making necessary changes,
such as modifying the layout and navigation, or adding
new components. Feasible changes are implemented
in the interface, as detailed in Section 3.2. This iterative
process ensures that the final interface is user-friendly,
efficient, and meets the system requirements. The in-
sights gained from this process have significantly en-
hanced our interface, making it a practical and effi-
cient tool for optimizing cable corridor layouts. In
Section 4, potential enhancements within the scope of
this work are discussed.

3. Results

The presented interface is set up as the final stage of a
cable corridor planning process, following the prepro-
cessing of LIDAR data into a forest map using the ap-
proach from Gollob et al. (2021), the calculation of
potential cable corridors (Retzlaff et al. 2024a), and the
execution of multi-objective optimization (Retzlaff et
al. 2024b). These inputs, containing all relevant infor-
mation on cable corridors and environments, are im-
ported as Python objects into the Jupyter notebook.
The interface does not perform optimization itself, but
computes and displays critical metrics and enables us-
ers to visualize results and evaluate potential ecologi-
cal and ergonomic impacts. The initial external inputs
is the geodata of the area, on which the subsequent
results (forest map, cable corridors and optimal lay-
outs) are based. The outputs of the interface (contour
map, Pareto frontier, overview tables, 3D cable corri-
dor layout, comparison table) are described and ex-
plained in the following section. Fig. 2 describes its
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workflow, positioning the interface as the concluding
step following data processing and optimization.

3.1 Interface Components

The main window of the interface (see Fig. 3) shows a
contour map of the area with trees as dots and possible
cable corridors as grey lines. By selecting pre-comput-
ed layouts from the Pareto frontier graph (see Fig. 4),
the selected cable corridors are presented as active
with bigger, coloured lines, with the trees coloured
correspondingly as per their assignment to each cable
corridor. The user can activate and deactivate cable
corridors by clicking on them, or by cycling through
the adjacent cable corridors with the help of a button.

The second major component is the Pareto frontier
(see Fig. 4). It is presented as a 3D graph with the axes
cost optimality, environmental optimality and

LIDAR data
A

Forest inventory parameters
with LIDAR

Retzlaff et al. (2024a)

T
computes

Tree map

XYZ location,
DBH, height of
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I
computes
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supported force,
Ca_ble co_rridor | includes cable deflection,
simulations etc. of all
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¥

Multi-objective optimization

Retzlaff et al. (2024a)

I
computes

Associated
costs, residual
y . stand damage

Optimal layouts includes and yarding
workload with

all layouts

A
> Interactive interface <

Fig. 2 Flowchart of interface components. The interface loads the
simulated cable corridors, computed optimal layouts, as well as
tree map, to provide an interface for evaluating and editing different
layouts
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ergonomical optimality, where individual solutions
are represented as dots in the 3D space. We pre-com-
puted 16 optimal solutions along the Pareto frontier,
based on a combined objective approach as well as the
genetic algorithm NSGA and the epsilon-constraint
optimization AUGMECON?2. See Retzlaff et al. (2024b)
for an exhaustive description of how the solutions
were generated and the technical background of these
optimization approaches. The axes represent the rela-
tive optimal, e.g. a solution is 73% optimal with regard
to cost (where the most cost-efficient solution found
represents the 100% mark), 85% optimal with regard
to ergonomical and 54% optimal with regard to eco-
logical optimality. The user can select any of the pre-
computed solutions, which are then loaded into the
contour map of Fig. 2, which allows for a quick visual
comparison of different solutions.

The third main component of our interface are the
overview tables seen in Table 1. The first table pro-
vides an exact overview of details about the current
individual cable roads and their cost, length, wood
volume, amount and saddle height of supports as well
as the average tree height assigned to each cable road.
The second table provides facts about the current cor-
ridor layout, such as costs, penalties, yarding distance,
costs per cubic meter of wood, etc. The third table
shows information about the anchor tree configura-
tion such as DBH (diameter at breast height), height,
maximum supported force, etc. All tables are updated
when a layout is selected from the Pareto frontier or
changed via the contour map.

Furthermore, two additional components were de-
veloped to increase the interface usability and visual-
ization capabilities. The first component, the layout
comparison table (see Table 2), allows the quick com-

Fig. 3 Contour map of the area with activated cable corridors high-
lighted by colour and corresponding trees coloured
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Fig. 4 Pareto frontier of all optimized solutions with regard to cost
optimality, environmental optimality and ergonomical optimality

parison of different layouts. By clicking on the »Add
layout to comparison« button, the current cable cor-
ridor layout is added to the comparison table. Note
that the data in the table contains the same information
as the layout overview table, therefore allowing a com-
parison of the most relevant factors between various
layouts. With the help of a dropdown menu, the user
can directly load individual layouts from the com-
parison table into the contour map. The second com-
ponent (see Fig. 5) provides a 3D view of the current
cable corridor layout loaded in the contour map. The
user can inspect the location of supports and see the
cable deflections as computed by the simulational ap-
proach based on Pestal (1961), which allows the user
to better visualize the current layout than would be
possible only with the contour map as seen in Fig. 3.

3.2 Interview Takeaways

Insights from the first expert interview have signifi-
cantly improved our interface functionality. Expert 1
proposed several enhancements regarding which met-
rics should be provided in the interface, starting with
the inclusion of the cost per cubic meter (€/m®). This
metric offers a more precise understanding of each
layout financial implications, enabling users to make
cost-efficient decisions.

Additionally, Expert 1 emphasized the importance
of adding units to columns for clarity and precision.
By doing so, users can accurately interpret data and
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Table 1 Activated cable corridor overview, current cable corridor layout overview, as well as anchor information table. Cable corridor setup
costs include estimated setup and takedown costs per cable corridor. Total layout costs are the sum of costs for setup and takedown of all
cable corridors as well as the productivity cost for harvesting all assigned trees in an area. Productivity is abbreviated as »prod.«. See

Retzlaff et al. (2024b) for a more detailed explanation of how the costs are computed

Activated cable corridor overview

Cable corridor setup cost | Cable corridor length | Wood volume per cable corridor Supports Supports height Average tree height
€ m m? amount m m
569 124 144 1 6 19.21
463 133 122 0 - 26.81
618 134 143 1 9 23.67
693 141 419 1 14 23.67
Current cable corridor layout overview
Total layout | Setup and takedown, | Ecol. Ergon. penalty Selectgd cable l\/lax.llateral yarding A\{eragg [ateral Cost pear m® | Volume Eer
costs, € prod. costs, € penalty corridors distance, m yarding distance, m €/m meter m*/m
2344
22,768 20,424 1594 1522 0,8,18,35 36 9 275 0.64
Anchor information
BHD, cm | Heigh, m Max. supported force, N | X coordinate Y coordinate Corresponding cable corridor Attack angle skyline, °
31 27 33,683 -17.94 -26.04 0 53
31 27 33,683 —-17.94 —26.04 8 52
50 28 85,243 -15.31 -31.33 18 52
38 23 50,455 -15.13 —26.16 35 52
Table 2 Comparison of details of three different layouts
Total layout | Setup and prod. Ecal. Ergon. | Selected cable | Max. lateral yarding | Average lateral Cost perm’ | Volume per meter
costs, € costs, € penalty | penalty corridors distance, m yarding distance, m € m*/m
22,768 2334, 20,424 1594 1522 0,8,18,35 36 9 275 0.64
22,855 2357, 20,498 1580 1513 0,8,19,35 36 9 27.6 0.65
23,332 2946, 20,385 1517 1499 |0,8,10,24,35 36 9 28.18 0.8

40

20

-60

-80

-100

100

Fig. 5 3D view of cable corridor layout. The upper lines of a cable corridor show the load path of the cable itself, with the corresponding
lower lines tracing the floor relief below
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Load expla... | Pareto Frontier v
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Explanation: | The Pareto Frontier shows the trade-offs between ecological, ergonomic and

cost objectives. Each point represents a layout with different cable road
configurations. The points on the frontier are the most optimal layouts, where
no objective can be improved without worsening another. Click on a point to
select the corresponding layout.

Fig. 6 Dropdown menu which displays explanations for various important terms in a text box

make relevant comparisons. To offer a comprehensive
view of financial aspects of cable corridor planning,
the expert suggested including detailed installation
and productivity costs. These insights further support
users in making cost-effective choices.

Regarding layout feasibility and safety, Expert 1
advised displaying the number and height of supports
as well as the average tree size per cable road, consid-
ering its ecological impact in sustainable forestry prac-
tices. Furthermore, they proposed adding the volume
per running meter —a critical metric for efficient plan-
ning and resource allocation, and to include average
and maximum lateral yarding distances per cable
road.

Expert 1 also highlighted the need to clarify terms
such as »economic penalty« and »ergonomic penalty«.
We agree that the terms needed a better explanation,
as they can be quantified with different approaches.
See Retzlaff et al. (2024b) to understand how we de-
fined the ecological and ergonomical penalty. We
added a text box with a dropdown menu which pro-
vides an explanatory text for the ergonomic and eco-
logical impact, as well as how costs are determined
and what the Pareto frontier defines (see Fig. 6). By
providing clear definitions and examples, users can
better understand these penalties and how they im-
pact the overall optimization process.

Based on feedback from Expert 2 and 3, two new
features were implemented to enhance the user expe-
rience. A first major change was to change the 3D cable
corridor visualization from a point cloud to a 3D mesh
surface with Delaunay triangulation, significantly im-
proving the visualization of the area. This change al-
lows for a more detailed and accurate representation
of the terrain.

Furthermore, Expert 2 and 3 emphasized that in-
formation about the anchor configuration is vital to
judge if a cable corridor is feasible. We therefore add-
ed the Anchor Information table seen in Table 1, which
contains information about the end anchor configura-
tion. The table includes details such as the Diameter at

Breast Height (DBH), tree height, supported force, and
coordinates, providing the user with comprehensive
data about the area and trees they are working with.

The discussion with Expert 2 and 3 brought forth
several key points for consideration of various aspects
of the interface itself, but also the underlying require-
ments and possible further applications for the opti-
mization of a toolset for optimizing cable corridor
layouts.

Firstly, both experts agreed that a more realistic
computation of the cable deflection beyond the Pestal
approach (Pestal 1961) was not required. Larger dif-
ferences in deflection can occur for long single span
configurations for the Pestal approach, which is how-
ever less relevant as loads are usually transported par-
tially suspended, therefore not placing the full load on
the cable itself. The experts furthermore argued that
differences in the local terrain, equipment used, tree
species, and different approaches for attaching the tree
to the cable yarder also have a strong influence on the
cable deflection in the field, which makes a more ac-
curate computation of cable deflection superfluous.

Secondly, Expert 2 argued against using the ground
contact of trees to measure ecological impact. They
emphasized that damage to the residual stand was
much more important to quantify ecological damage.
They further explained that covering the ruts with
branches from the trees reduces impact, and that the
weight of stems to be moved is not large enough to
pose significant damage to the soil.

Thirdly, both experts highlighted the various com-
plications with an exact quantification of the costs of
a layout. They pointed out the significant influence of
the skill of the worker for the time required for various
tasks, the influence of terrain and tree species, equip-
ment used, weather conditions, etc. The consensus
was that a relative computation of costs makes sense,
but the absolute cost should not be used as a reliable
figure for the end user.
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Lastly, Expert 3 suggested the use of the interface
for documentation purposes to facilitate the documen-
tation of the layout process. They noted the increasing
regulation of cable yarding operations in general, and
highlighted the importance of documentation both for
governing bodies and for the harvesting company to
document their setups for later reference. They pro-
posed that exact information about the cable corridors
built, their dimensions, the timber extracted, etc.,
could be provided by a software package, saving sub-
stantial amounts of time for the end users.

4. Discussion

The insights gained by the experts, as presented in
Section 3.2, proved to be invaluable to the develop-
ment of our interface. We already highlighted that it
is essential to develop user interfaces in conjunction
with users from the target group, as it is often nearly
impossible for developers to define what the user actu-
ally needs, and often foregoes the expert knowledge
the target group has (Mao et al. 2005). Especially as-
pects like which metrics to consider (such as suggest-
ed by Expert 1), adding specific information about the
used tail anchors (suggested by Expert 2) as well as the
change from visualizing the forest floor with a 3D
mesh instead of a point cloud are aspects that signifi-
cantly increased the usefulness of the interface pro-
vided.

As discussed with Expert 3, we highlight the po-
tential of utilizing the interface presented in this paper
to streamline and automate the documentation pro-
cess for setting up a cable corridor. This process could
be framed as three-step procedure. The first step in-
volves using the optimization approach and interface
to compute an initial draft of the layout. Following the
initial draft, the user proceeds to the field to construct
the layout based on the computed design. After the
completion of the fieldwork, the user returns to the
interface to update the cable corridors that were actu-
ally built. This step also includes the incorporation of
the actual costs and time required by the company. We
also propose enabling manual adjustments to addi-
tional layout details, such as the saddle height of sup-
ports, the skyline attack angle at the support, or the
positions of supports and anchors themselves. The
updated information could then be used to automati-
cally generate a comprehensive report. This approach
not only has the potential to save time and reduce
costs for the end user but also adds significant value
by providing a seamless and efficient method for plan-
ning, implementing, and documenting cable corridor
layouts.
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There are however also limitations to the imple-
mentation of the interface in its current state. The
Jupyter-based interface and the underlying Python
code can be deployed on platforms like Google Colab
(Merkel 2014) and are therefore cheap to set up and
use. Jupyter provides an easy way of interacting with
the underlying code as well as the interactive interface
(see Kluyver et al. 2016) for further information), al-
lowing the users to further adapt it to their use-case.
We however acknowledge that there are many re-
quired steps before the end user can start working
with the interface for a given area (see Section 2 for
further details). First, the area has to be scanned with
a LiDAR scanner, then an expert has to process the
point cloud data, an expert has to process the data and
compute the appropriate supports (refer to our previ-
ous publication Retzlaff et al. (2024a), then, optionally,
compute optimal solutions with the help of Retzlaff et
al. (2024b), and finally load these solutions into the
provided Jupyter notebook. This process is quite in-
volved, and shows the limitations of such an academ-
ical process. The application in a professional context
therefore requires further work to simplify and
streamline the whole process. Possible approaches
could include the readily accessible publication of the
LiDAR data processing tools, the publication of
Retzlaff et al. (2024a) and Retzlaff et al. (2024b) as co-
herent package, and possibly the setup as ready-to-
use, reproducible environment with for example
Docker images (Bisong 2019).

A limitation of the results presented is the possibil-
ity of misinterpreting the calculated harvesting costs
as exact prices rather than estimates. We emphasise
that the calculated costs are estimates, not exact pre-
dictions. Experts 2 and 3, with their practical knowl-
edge, emphasized the many factors that influence the
time and cost intensity of a harvesting operation.
These factors include individual terrain difficulties,
weather conditions, tree defects, worker skills and the
equipment used. Each of these elements affects where
and how cable corridors can be constructed, the speed
with which they can be set up and dismantled, and the
costs associated with felling and transporting the trees.
Furthermore, the expert interviews were conducted in
the context of Austrian silviculture and cable harvest-
ing practices, potentially limiting the generalizability
of our results to other regions or forestry practices.

Necessarily, the realism of our predictions depends
on the underlying models used to forecast setup and
takedown costs and productivity costs. While the
models used (Stampfer et al. (2013) for setup and take-
down times and Ghaffariyan et al. (2009) for produc-
tivity costs) provide a good approximation of average
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costs, they cannot account for the confounding factors
mentioned above. We therefore suggest that the calcu-
lated costs should be interpreted as an estimate rather
than a highly accurate prediction. The estimate also
allows a relative comparison of costs within the refer-
ence framework. Using the Relative Negative Impact
(see Retzlaff et al. 2024b), we can determine whether
a particular layout is likely to be more expensive than
another, although the exact total costs should only be
regarded as estimates.

Finally, we would also like to highlight the signifi-
cant lateral yarding distances in the simulation, as well
as the significant volume of timber allocated to each
cable corridor. This is primarily because the simula-
tion uses a clear-cut approach by default, allocating all
trees to the selected cable corridors, even if they are
further away than the usual 15 m. If users wish to re-
strict these allocations, we also allow selective cutting
based on the A-value approach. With the A-value ap-
proach, competitors to central trees can be automati-
cally selected for harvesting (see Retzlaff et al. 2024b
for further information). Alternatively, users can ex-
clude specific trees or areas from the optimization in-
put table to achieve more realistic volume allocations.

5. Conclusion

This paper presents the development as well as the
development and evaluation of a user interface de-
signed to facilitate the optimization process of cable
corridor layouts in forestry, which have the potential
for cost savings as well as a reduction of manual labor
workload and ecological impact. However, current
optimization approaches for cable corridor layouts are
often used based on imprecise satellite data, leading
to less reliable results, and also often fail to consider
trade-offs among different objective functions. The
presented interface enhances the accessibility of our
previous simulation (Retzlaff et al. 2024a) and multi-
objective optimization (Retzlaff et al. 2024b). We em-
phasize the importance of integrating user insights
into the design process. Suggestions such as the inclu-
sion of specific metrics for cost analysis, tail anchor
configuration details, and a 3D mesh visualization of
the forest floor have significantly improved the func-
tionality of the interface.

Despite efforts to make the user interface as acces-
sible as possible, the complexity of the process re-
quired for the end user to begin working with the in-
terface remains a significant barrier to its applicability.
We recommend further work to streamline the various
steps involved, such as LiDAR scanning, point cloud
processing, cable corridor computation, as well as the

C. O. Retzlaff et al.

application of optimization approaches. A second
limitation lies in the multitude of factors influencing
the time and cost intensity of harvesting operations,
which reduces the accuracy of the estimated harvest-
ing costs. However, the use of relative comparison al-
lows users to understand how different layouts vary
from each other.

We discussed the potential for adapting the pre-
sented interface as a tool for quickly generating docu-
mentation of the harvesting operation, with the aim of
streamlining and automating the process of creating
cable corridor layouts. This could lead to a significant
reduction in the time and cost of manual documenta-
tion, and is a promising idea for increasing digitaliza-
tion in forestry. Overall, this could facilitate the use of
optimization methods in forestry, ultimately saving
time and labour costs.
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