
A Digital Twin Based Approach to Control Overgrowth of
Roadside Vegetation

Varun Kumar Reja1, Diana Davletshina1, Mengtian Yin1, Ran Wei1, Quentin Felix Adam1,
Ioannis Brilakis1 and Federico Perrotta2

1 Department of Engineering, University of Cambridge, UK
2 AECOM, UK

varunreja7@gmail.com

Abstract -
Roadside vegetation poses a significant risk to road safety,

often contributing to traffic accidents by obstructing drivers’
views and impeding visibility. This study investigates ex-
isting control methods, assesses their limitations, defines
technology-agnostic information requirements for vegetation
control, and proposes a Digital Twin-based solution. The
methodology involves expert interviews, a literature review,
and a real-world case study, demonstrating the solution’s
applicability. The study contributes to the field by offering
insights into current practices, defining information needs,
and presenting a novel approach for more effective roadside
vegetation management. This research contributes to ad-
vancing road safety practices by harnessing the capabilities
of digital twin technology to proactively manage and mitigate
the risks associated with overgrown roadside vegetation.
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1 Introduction
This paper is about a digital twin-based approach to

control the overgrowth of roadside vegetation. Digital
twins are "an up-to-date digital representation of a system’s
physical and functional properties” [1]. Roadside vegeta-
tion overgrowth refers to the excessive and uncontrolled
growth of plants, shrubs, or trees along roadsides. More
than 400 casualties, including three deaths, have been re-
ported in national figures provided by the Department for
Transport, UK, where overgrown vegetation was given as
a contributory factor [2]. It occurs when vegetation sur-
passes desirable or safe levels, impeding driver’s visibility,
encroaching onto road surfaces, obstructing traffic signs,
and posing safety hazards [3]. Consequently, there is a
higher risk of wrong turns or missed exits, increasing the
potential for accidents.

The existing approach to managing vegetation over-
growth relies heavily on manual methods, where visual

inspections are the primary means of identifying and ad-
dressing overgrowth along roads [4]. This manual ap-
proach extends to the labour-intensive trimming process,
and the information needed for effective vegetation con-
trol remains undefined. The reliance on manual meth-
ods for managing vegetation overgrowth along roads, as
highlighted by visual inspections, presents challenges in
efficiency and effectiveness. Firstly, the time required
for visual inspections can lead to delays in identifying
overgrowth issues promptly. This delay can result in in-
creased vegetation encroachment, potentially escalating
safety risks for road users. Secondly, the labour-intensive
nature of the trimming process, stemming from the man-
ual identification of overgrowth, can contribute to higher
operational costs. KPIs related to cost-effectiveness and
resource optimization are adversely affected as a conse-
quence.

Additionally, the lack of well-defined information needs
further hinders the development and implementation of tar-
geted strategies for vegetation control, making it challeng-
ing to measure and improve KPIs related to the precision
and efficacy of control measures. This situation under-
scores a critical demand for a paradigm shift in vegetation
control methodologies. There is an urgent requirement
to transition from predominantly manual methods to an
automated and efficient system that addresses specific in-
formation needs.

The research design followed a structured methodol-
ogy, first analysing current roadside vegetation control
processes through expert interviews and a literature re-
view. Identified drawbacks were scrutinized, and infor-
mation requirements were established by analysing control
parameters. Then, a Digital Twin-based solution was pro-
posed to address these requirements and overcome identi-
fied drawbacks. A real-world case study demonstrated the
solution’s applicability, validating its effectiveness in road-
side vegetation control. This approach ensures a thorough
investigation integrating expert insights, critical analysis,
and practical validation.

The expected contributions include an investigation into
current control methods and their limitations, the defini-
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tion of information requirements for vegetation control,
and the illustration of how these requirements can be met
through a Digital Twin technology-based solution. The
study aims to provide valuable insights and a practical so-
lution for more effective roadside vegetation management.

The paper is organized as follows: It commences with
an introduction in Section 1, followed by background in-
formation in Section 2. The proposed concept and solution
are presented in Section 3, and the research methodology
is outlined in Section 4. Subsequently, Section 5 delves
into the findings, emphasizes limitations, and proposes di-
rections for future research. Ultimately, conclusions are
drawn in Section 6.

2 Background
There are several advantages of roadside vegetation,

which multiple studies have highlighted [5]. Key to these
are improvements in air quality, temperature regulation,
and noise reduction [6]. However, roadside vegetation
along road networks can bring some drawbacks, including:

• Reduced Visibility: Overgrown vegetation can limit
the visibility of road signs, signals, and other essen-
tial traffic control elements, increasing the risk of
accidents to users and wildlife [7].

• Infrastructure Damage: Tree branches can damage
road infrastructure, such as speed camera systems and
road lights, increasing maintenance costs.

• Obstructed Sightlines: Tall or dense vegetation can
obstruct sightlines at intersections, driveways, and
pedestrian crossings, making it difficult for drivers to
anticipate and react to potential hazards [8].

• Encroachment on Road Space: Uncontrolled
growth of vegetation may encroach upon the road
space, narrowing lanes and reducing the overall ca-
pacity of the road network.

Most of these pose risks to public safety and cannot be
ignored; therefore, roadside vegetation maintenance must
happen continuously to avoid such incidents.

The current body of literature concerning the automated
detection and removal of overgrown vegetation is notably
limited. Hyyppä et al.’s study [9] showcases the potential
of utilizing autonomous vehicle-based perception data to
transform map updating processes, particularly in the con-
text of city tree registers. The research findings highlight
that, through appropriate post-processing, autonomous
perception data can accurately estimate key parameters,
such as the diameter at the breast height of city trees, show-
casing lower errors compared to specially planned mobile
mapping laser scanning surveys. This emphasizes the
critical role of time-based filtering for precise point cloud
analysis in autonomous perception data. Another relevant
study by Harbas et al. [10] introduces a method for de-
tecting roadside vegetation in traffic infrastructure mainte-

nance using visible spectrum images captured by standard
colour cameras on vehicles. The study underscores the
effectiveness of Fully Convolutional Neural Networks in
real-world applications. However, it is noteworthy that ex-
isting studies have primarily concentrated on detecting the
presence of roadside vegetation cover rather than specif-
ically detecting their overgrowth, which poses a risk of
obstruction.

The integration of digital twin and computer vision tech-
nologies has the potential to revolutionize conventional
roadside vegetation control methods, as demonstrated in
other road management applications [11, 12, 13]. By com-
bining these technologies, a virtual counterpart capable of
capturing real-time vegetation data and its impact on vis-
ibility is created, offering a more accurate representation
of the roadside landscape. Computer vision algorithms
integrated within the digital twin framework enable au-
tonomous identification and precise assessment of over-
grown vegetation, leveraging visual data from sources like
surveillance cameras or drones [14, 15]. This integration
represents a paradigm shift in roadside vegetation control,
introducing a dynamic, data-driven, and precise approach
compared to traditional methods.

Therefore, three primary gaps have been recognised, re-
flecting the analysis of the state of practice and research
presented. Firstly, the existing documentation of practices
for controlling overgrowth lacks specific and detailed in-
formation. Secondly, the technology-agnostic information
requirements for vegetation control processes are not de-
fined. Lastly, research on applying innovative technologies
in this domain is scarce.

Recognizing this potential, the paper proposes a digi-
tal twin-centred strategy, aided by computer vision tech-
nique, to manage overgrown roadside vegetation and meet
the identified information needs. The research aims to:
(a) investigate existing methods for controlling roadside
vegetation, identifying their limitations, and (b) assess the
information requirements for vegetation control, illustrat-
ing their fulfilment through a solution based on Digital
Twin technology.

To achieve the above objectives, the following specific
research questions should be answered:

• RQ1: What is the current method (in practice) of
controlling roadside overgrown vegetation?

• RQ2: How efficient and effective is this method in
the current era of technology?

• RQ3: What are the technology-agnostic information
requirements for vegetation control?

• RQ4: How can Digital Twin technology help effec-
tively control vegetation overgrowth?

The subsequent section delves into the proposed concept
and solution.
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Figure 1. (A) Roadside overgrowth from driver’s perspective, (B) vegetation-free envelop, (C) The segmented
overgrowth in a digital twin environment as cut by the plane along road marking, (D) the vegetation clearing

autonomous vehicle accomplishing the task

Figure 2. Proposed Solution for overgrowth detec-
tion

3 Proposed Concept and Solution

This work is confined to presenting and validating a
proof of concept that addresses the identified information
requirements for detecting vegetation overgrowth using
digital twin technology. It is important to note that the
actual removal of vegetation falls outside the scope of this

study. The technology-agnostic information requirements
for vegetation control are identified in Table 1. The fol-
lowing concept is developed to fulfil these information
requirements.

Figure 1 shows the proposed concept for controlling
roadside vegetation. Image (A) shows the view from the
driver’s perception; the tree is overgrown and growing over
the pavement. The image (B) presents a sectional view of
the pavement. Ideally, there should be a vegetation-free
envelope to allow for safe passage of traffic, as highlighted
in red. The size of this envelope is determined by the
permissible height of the vehicle on the road as well as
the road width calculated from the exterior ends of road
markings.

The first task is determining the instances along the
road network where the vegetation overgrowth breaches
this envelope. To obtain this, the idea is to detect roadside
vegetation using a segmentation algorithm and then seg-
ment it using a plane along the roadside marking. There-
fore, detecting roadside vegetation and roadside markings
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