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Abstract—In this paper, we present BSENSED, a currently
under-development digital twin framework for enhanced border
surveillance and situational awareness. Built from publicly avail-
able geospatial data and continuously updated with information
acquired by a multi-sensor payload deployed on fixed infras-
tructure and/or vehicles, BSENSED aims to maintain an up-to-
date virtual representation of the environment. The framework
is designed to support border surveillance through the detection
and localization of people and vehicles, while also enhancing
operator situational awareness and enabling the teleoperation
and training of uncrewed robotic platforms operators.

Index Terms—Digital Twin, Environment Reconstruction, Data
Fusion, Object Detection, Uncrewed Ground Vehicles.

I. INTRODUCTION

Border surveillance, whether on infrastructure or in natural
terrain, is a complex and demanding task. Modern surveillance
systems can generate a vast amount of heterogeneous data,
often overwhelming operators and making real-time situational
awareness difficult to maintain. Robotic platforms, such as
uncrewed ground vehicles (UGVs), may assist personnel in
surveillance and reconnaissance missions. However, their suc-
cessful deployment requires adequate operator training and
confidence in the system’s capabilities.

Digital twin technology is emerging as a crucial tool for
integrating physical and virtual systems, with applications in
various domains including manufacturing [1], healthcare [2],
or agriculture [3]. By combining real-time data acquisition
with high-fidelity virtual representations, digital twins can
support enhanced situational awareness, risk assessment, and
decision-making. Despite recent advances, the application of
digital twins to border surveillance remains underexplored
and presents several research challenges, including real-time
environmental reconstruction, multi-sensor fusion, and the
integration of robotic platforms.

To address these challenges, this paper presents BSENSED,
a digital twin framework for enhanced border surveillance
and situational awareness. By combining a priori geospatial
information with real data acquired from a multi-sensor pay-
load, BSENSED continuously updates a virtual representation
of the environment. This capability aims to support border

surveillance, improve operator awareness, and facilitate the
teleoperation and training of robotic systems.

As a work in progress, this paper presents the overall archi-
tecture of the BSENSED framework and discusses the current
implementation status of its main components, including the
digital twin environment and the multi-sensor payload.

The main contribution of this work is the proposed architec-
ture that enables continuous digital twin updates through the
fusion of a priori geospatial information and real-time multi-
sensor data for border surveillance applications.

II. BSENSED FRAMEWORK

Figure 1 presents the framework for the BSENSED project.
This framework consists of two main components: the digital
twin and a standalone multi-sensor payload that gathers,
processes, and fuses data to provide real-time complementary
information.

Fig. 1: The BSENSED framework.

A. Digital Twin Environment
Currently being developed in Unreal Engine 5, a state-of-

the-art game engine that is able to render realistic scenes in
real-time, the digital twin environment is built in two stages:

• Firstly, publicly available geospatial data are used to
create an a priori digital environment of our world. These




