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ABSTRACT

As Unmanned Ground Systems are more and more used for military operations, there
is a need to integrate these systems better into the standard operating procedures and
to ensure that military operators have the required skills to operate these tools. There-
fore, a careful design of the human – robot interface is required. This paper discusses
how this problem was tackled within the European iMUGS project. The ergonomic
design of the tactical planning system is elaborated, together with the high-level swar-
ming and task scheduling methods that divide the work between robotic and human
agents in the field.
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INTRODUCTION

Thanks to advances in embedded computing and robotics, intelligent Unman-
ned Ground Systems (UGS) are used more and more in our daily lives. Also in
the military domain, the use of UGS is highly investigated for applications like
force protection of military installations (Carroll et al., 2014), surveillance,
target acquisition, reconnaissance, handling of chemical, biological, radiolo-
gical, nuclear (CBRN) threats (Schneider et al., 2016), explosive ordnance
disposal, search and rescue SAR (De Cubber et al., 2017) or crisis manage-
ment (Doroftei et al. 2009). A pivotal research aspect for the integration of
these military UGS in the standard operating procedures is the question of
how to achieve a seamless collaboration between human and robotic agents
in such high-stress and non-structured environments. Indeed, in these kind of
operations, it is critical that the human-agent mutual understanding is flaw-
less; hence, the focus on human factors and ergonomic design of the control
interfaces.

The objective of this paper is to focus on one key military application of
UGS, more specifically logistics, and elaborate how efficient human-machine
teaming can be achieved in such a scenario.While getting much less attention
than other application areas, the domain of logistics is in fact one of the
most important for any military operation, as it is an application area that is
very well suited for robotic systems (Ergene, 2016). Indeed, military troops
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are very often burdened by having to haul heavy gear across large distances,
which is a problem UGS can solve.

This paper is based on more than two years of field research work on
human andmulti-agent UGS collaboration in realistic military operating con-
ditions, performed within the scope of the European project iMUGS (Le
Flecher et al., 2022). In the framework of this project, not less than six
large-scale field trial campaigns were organized across Europe. In each field
trial campaign, soldiers and UGS had to work together to achieve a set of
high-level mission goals that were distributed among them via a planning &
scheduling mechanism. This paper will focus on the outcomes of the Belgian
field trial, which concentrated on a resupply logistics mission.

PREVIOUS WORK & MAIN CONTRIBUTIONS

While the all-terrain mobility (Odedra et al. 2009) and environmental perce-
ption requirement (De Cubber et al., 2011) still poses a serious problem for
deployment in many environments, multiple tracked, wheeled and even leg-
ged robotic systems have been developed for accompanying troops, while
carrying their equipment (Byers, 2008). Other developments include unman-
ned trucks using a follow-the leader protocol or serving as a mule for carrying
heavy resupply material across sometimes large distances. However, there
still exists a large gap between what is tested in research laboratories or even
during field trials and the reality on the terrain. This disparity exists because
of the highly complex nature of military operations, which require robust
operation in all weather conditions and on all types of terrain, which is very
difficult. The iMUGS project therefore started from an operationally proven
platform (Milrem Themis, see Figure 1) and worked on the development of
the human-agent teaming capabilities for this vehicle, in order to come to a
solution that can be deployed for real operations.

Human-agent teaming between multiple highly autonomous unmanned
systems and human operators in a complex military context requires the care-
ful consideration of the design choices for the interface between the humans
and the robots (Doroftei et al., 2012).Multiple types of human operators can
come in contact with the robotic agents and each of them needs to commu-
nicate with the robotic agents using an appropriate control interface. Within
the iMUGS project, this was tackled by adopting a multi-layered approach,
designing high-level command and control interfaces for field commanders
that enable mission planning, but also lower-level control interfaces for field
agents that enable basic human-to-vehicle interaction.

When deploying a large fleet of unmanned systems with human operators,
especially in an international coalition context, one of the major difficul-
ties is always the interoperability between the devices. In (Serrano Lopez
et al., 2017), Serrano Lopez et al. propose a multi-robot interoperability fra-
mework, enabling multiple robots to operate together, in synergy, enabling
multiple teams to share data, intelligence and resources in realistic search and
rescue missions. Mathiassen et al. expands on this concept in (Mathiassen
et al., 2021), by demonstrating interoperability between UGS and multiple
operator control units for military operations. Within the iMUGS project, an
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open architecture was developed that allows for the integration of multiple
interoperability protocols, in order to maximize the usability.

iMUGS TEST SETUP AND OPERATIONAL SCENARIOS

The main goal of the iMUGS trials in Belgium was to demonstrate the swar-
ming capabilities of the unmanned assets, meaning that they can work as
a coordinated team in collaboration with the human operators and soldi-
ers. Therefore, a realistic urban warfare scenario was created where a village
is assaulted by enemy troops. The ‘friendly’ forces then move in to liberate
the village, helped by the support of iMUGS unmanned systems. During the
ensuing gunfight between the enemy & friendly troops, swarms of unman-
ned ground systems are used again to resupply the friendly forces with new
ammunition. This paper focuses on the resupply phase of the scenario.

The objective of the resupply scenario is to demonstrate the swarming
system’s ability to be used in logistics. The fleet of UGS is used to automa-
tically get supplies in a predetermined zone and drive to the delivery points.
The assets involved in this trial are shown on Figure 1 and consist of:

• 3 Milrem Themis UGS for intelligence gathering & reconnaissance
• 1 Boxer Mission Control Vehicle
• 5 Robotnik Summit UGS, acting as a swarm system for resupply operati-

ons

Figure 1: iMUGS robotic assets involved in the scenario. Top left: Milrem themis
unmanned ground vehicle. Top right: boxer mission control vehicle; bottom: Robotnik
Summit UGS swarm for resupply operations.
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The different vehicles are equipped with heterogeneous sensor kits, such
that each one of them brings extra information towards themission controller
installed in the Boxer control vehicle.

HUMAN MACHINE INTERFACE DESIGN CHOICES DISCUSSION

A human – centred design approach (Doroftei et al., 2017) was followed
within the iMUGS project in order to take into consideration the needs &
requirements of the military end users during each step of the design process.
As the needs for interaction modalities with the robotic assets are very diffe-
rent for e.g. field operatives and mission planners, a multi-layered approach
was adopted.

At the highest level, mission planners within the control vehicle are pre-
sented with a command and control interface aimed at enhancing as much as
possible the situational awareness of the operator, such that informed decisi-
ons can be made, as shown on the top of Figure 2. It is also to be stressed that
–using this command and control system - this mission planner also exerts
at all-time meaningful human control over all aspects of the robot operati-
ons. An important aspect for the mission planning system is minimizing the
cognitive overload for the human operator. Indeed, due to the many data stre-
ams that are available from the fleet of unmanned systems, there is a need
to intelligently combine this data and present it to the operator in a com-
prehensible manner. The UGS are able to execute planned missions totally
autonomously. In this context, it consists of delivering goods to soldiers’ posi-
tions, where these waypoint positions are automatically tracked using a blue
force tracking battle management system.

Figure 2: iMUGS human robot interfaces. Top: mission planning system in the boxer
control vehicle. Bottom: one-hand control interface.
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As a mid-level control modality, UGS can also be tasked to follow soldiers,
carrying goods for the soldiers. In order to do this, person detection (Lahouli
et al., 2018) and person tracking tools (Enescu et al., 2006) are implemented
that enable the UGS to follow a soldier from a safe distance.

For low-level control, operators in the field are able to take over control
e.g. for complex manoeuvring operations using a one-hand control interface
which keeps the other hand free for other tasks, as shown on the bottom of
Figure 2.

FIELD VALIDATION WITH MILTARY END USERS

The iMUGS Belgian field trial was executed on June 2nd 2022 at the military
base of Marche-en-Famenne, Belgium. This location was chosen because it
provides an excellent mix of multiple environmental characteristics: from
forested areas to open grasslands to urban areas, and from hilly terrain
to more flat areas. This variety allowed to validate the iMUGS concept of
operation under multiple environmental conditions.

The field trial was performed in close collaboration with the 1/3L Com-
pany from the Belgian Land component. These military operatives served
both as actors in the mission scenario as first users and evaluators of the
UGS tools put at their disposal. The integration of novel tools required
a review of standard operating procedures and tactics, which did require
serious re-planning with respect to normal operations. This shows that the
integration of robotic tools in military operations is not an easy or straight-
forward operation, but one that requires careful planning and training of all
actors involved.

In the end, the military operatives succeeded to work very well as a coor-
dinated team together with the robotic assets, as the quantitative evaluation
of the mission performance showed that all technical requirements that were
imposed by the stakeholders were successfully achieved. Figure 3 shows some

Figure 3: Snapshots of the iMUGS field trial campaign in Belgium, showing soldiers
from the Belgian land component interacting with the iMUGS robots during an urban
warfighting resupply scenario mission.
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snapshots of the trial operation, while a video of the campaign is available
here: https://www.youtube.com/watch?v=HBV3jSi9xd4.

CONCLUSION

In this paper, we presented the concept of the human-agent teaming system
developed within the European project iMUGS. The concept adopts a multi-
layered approach to ensure that each user is presented with an appropriate
user interface.

The concept was validated using a complex military resupply scenario mis-
sion, executed in summer 2022 in Belgium by a mixed team of soldiers and
UGS for an audience of around 200 people from defence actors from Euro-
pean member states. The results of this field trial were evaluated as highly
positive, as the robotic fleet achieved all high-level requirements.
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