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Abstract—This paper proposes a novel human-robot coordi-
nation framework to enhance medical assistance during urgent
disaster relief operations. Specifically, we propose to leverage
a heterogeneous robotic system in which multiple UGVs and
a UAV seamlessly coordinate with a medic to find and assist
victims. The UGVs are tasked with exploring the environment,
finding victims, performing basic triage operations, and reporting
to a UAV. The UAV operates as a relay to quickly inform the
medic about the location and status of victims, while providing an
optimized route to follow. A task and motion planning (TAMP)
approach is proposed to coordinate UGVs and the UAV with
the medic. The problem is then cast as a Traveling Salesman
Problem (TSP) incorporating medical policies from domain
experts to define the best route for the medic to follow considering
victims’ locations and their severity. Extensive simulations and
experiments are performed to showcase the effectiveness of the
proposed framework compared to different strategies in terms of
task allocation and planning. The results of the proposed human-
robot triage approach shows that by strategically coordinating
heterogeneous robotic systems it is possible to reduce the amount
of time it takes to locate and assist casualties by an expert medic.

Note—Simulations and experiment videos can be found in
https://www.bezzorobotics.com/sieds25

Index Terms—human-robot interactions, task and motion plan-
ning, autonomous mobile robots

I. INTRODUCTION

In instances of disaster, medics are limited in time and
resources to locate victims and perform life-saving interven-
tion. During such safety critical operations, decreasing time
and manpower are key factors to improve assistance and
survivability of victims. In current practice [1], decisions
regarding continued exploration vs. attending to victims fall to
the medics who are responsible for weighing the costs between
continuing to search for victims with more critical injuries
and stopping to triage and aid known victims. In addition,
medics must account for the limited survival time of victims
depending on the severity of injuries. To solve this problem,
in this paper we propose to leverage mobile robotic systems
to assist a human medic with relief operations. Our proposed
framework is inspired by hospital emergency room common
practices in which a patient is first triaged by nurses and then
admitted and visited by expert medics at times that depend
largely on the gravity of the condition and the availability of
the medic. Similarly, in our approach, we adopt a hierarchical

Fig. 1: Pictorial representation of the problem and proposed system
and solution.

divide-and-conquer approach in which robots are in charge of
exploring an environment in search of victims and performing
basic triage. Victims are scored on the basis of severity before
they are reported to a medic who will tackle more advanced
medical aid, which would be hard to perform by a robot. By
implementing such human-robot triage framework, medics can
reduce the exploration and triage time of disaster areas with
limited manpower.

Fig.1 depicts the proposed problem and solution. Our pro-
posed solution leverages a heterogeneous robotics system with
limited-range communication capabilities in which: i) a com-
bination of UGVs are tasked with environment exploration,
locating victims, performing basic triage, and reporting to ii)
a UAV that acts as a relay to quickly deliver tasks to iii) a
medic that will execute the received tasks.

We propose a task and motion planning (TAMP) approach
for robust, fast, and seamless coordination between UGVs,
UAV, and medic by designing a state machine-based algorithm
that coordinate motion and communication between UGV and
UAV and between UAV and medic, with the UAV acting as
a mobile hub between the UGV and the medic. Our solution
is scalable and decentralized, making it computationally effi-
cient: in fact, each UGV acts on a portion of the environment
independently from the other UGVs and does not need to know
the position of the medic, only the rendezvous position of the
UAV, which in this work is assumed fixed.

When victims states are delivered to the medic, the medic,
which is equipped with a computer or smart device to receive



and elaborate data from the UAV, considers victim assignment
as a Traveling Salesman Problem (TSP) to determine the
best route between victims based on severity of injuries and
distance from the medic. The solution of such TSP determines
a time- and energy-efficient route that targets high-priority
victims first, followed by lower-priority ones. For example,
in Fig.1, UGV2 finds a high-priority victim (red), and is
triggered to stop exploring and move to the rendezvous point
(star in the figure) where a UAV is waiting. Upon receiving
the task, the UAV flies to the medic to report the task while
the UGV2 returns to explore the remaining section of its
assigned environment. Similarly, UGV1 finds a high-priority
task and switches to move toward the rendezvous location and
wait until the UAV is available before returning to explore
the rest of its area. The effectiveness of our approach is
validated in simulations and experiments and compared with
three different strategies in terms of task allocation, planning,
and communication assumptions.

Our contribution is twofold: 1) we propose an innovative,
general, and scalable robotic triage framework for heteroge-
neous robotic systems to guide a medic toward an optimal
prioritized sequence of tasks, and 2) we provide simulations
and experiment results comparing our method with different
techniques to validate the proposed approach.

The rest of the paper is organized as follows: in Section
II we provide an overview of the triage process and patient
classification based on different priority levels. In Section III
we provide an overview of the state of the art in human-robot
triage systems. In Section IV we provide an overview of our
methods. In Section V we describe the proposed solution and
the behavior of different agents in the system. Section VI
addresses the simulation study of our solution and results.
Lastly, Section VII summarizes our research and discusses
future work.

II. BACKGROUND

Although there are multiple different methods of triage, we
chose to focus on the SALT mass casualty triage, described
in [2], due to the simple and efficient method for determining
how urgent a victim needs life-saving intervention. The SALT
mass casualty triage method is sorted into four groups: Sort,
Assess, Life-saving interventions, and Treatment. During the
sort phase, the patient is sorted into one of three categories:
walk, wave/purposeful movement, and still/obvious life threat.
For the purpose of our paper, when we refer to a robot
performing triage, it is referring to the sort phase of the SALT
method. These phases are sorted into numerical categories,
with a priority 1 representing a victim who is able to walk
and labeled in the simulation with a green star, a priority 2
representing a victim capable of purposeful movement but
unable to walk and represented by a yellow star, and a
priority 3 representing an unconscious victim and represented
by a red star.

III. RELATED WORK

The use of robotic systems for disaster response traditionally
focuses on search and rescue. [3] reviews robotic operations
for disaster response used in practice, addressing the short-
comings with real-world examples. These real-world scenarios

use teleoperated semi-autonomous robotic systems; current
major causes of failure include human operator error, lack of
robustness, and imperfect autonomy. We aim to address these
sources of failure through our autonomous exploration and
triage algorithms, limiting human interaction with the system
and increasing robot decision-making capabilities. While [3]
provides context to the real world application of robotic
systems for disaster response, [4] introduces an AI-driven
Robotic Triage labeling and Emergency Medical Information
System (ARTEMIS) to test robotic triage and exploration.
Our project utilizes similar triage classification, but expands
on this method by incorporating multiple robots exploring
a singular environment. Additionally, our method improves
efficiency through the inclusion of a UAV acting as a com-
munication relay with the medic. [5] uses a similar strategy
with an agricultural robotic system that utilizes a UAV as a
relay between a human controller and multiple-mobile robots.
This work highlights how the dynamic nature of the UAV
provides an advantage due to the ability for direct line of
sight communication which it makes it useful in disaster-relief
operations. Both [6] and [7] discuss methods used to aid the
triage process. [6] focuses on TSP solutions for human-robot
industrial systems inspection, which we also use to determine
a prioritize path for the medic. Additionally, the task list is
updated as more victims are located; because of this, the
TSP updates with each victim added to the medic’s task list.
[7] provides an exploration pattern for the UGVs to divide
and explore the environment. Our work uses such method
to define exploration paths for the UGVs, but includes our
own behaviors for task discovery. While many sources touch
on aspects related to the proposed human-robot triage, none
combine all the complex aspects into a generalizable multi-
robot system solution.

IV. PROBLEM STATEMENT

The goal of this work is to maximize the amount of high-
priority patients that a medic treats while minimizing the
amount of time it takes to treat all of the victims, and the
energy exerted or equivalently the distance traveled.

In our proposed research, we consider a heterogeneous
robotic system with a combination of UGVs, UAVs, and a
medic operating in a limited communication environment. We
assume that throughout the environment there is an unknown
number of victims at unknown locations, each with a given
priority based on the extent of their injuries. For ease, we
assume that the UGVs are able to perform triage and recognize
the level of priority for each victim when in their field of view.
We also assume that the UAV is able to predict the medic’s
location at all times due to a priority knowledge about their
dynamics (e.g., speed) and their tasks, which the medic shares
with the UAV when they meet.

V. APPROACH

Our proposed approach for finding the most efficient and
effective triage strategy is divided into three parts as depicted
in Fig.2. Each agent class – UGV, UAV, or medic – has
associated a different role and behavior. We assume that
each agent has limited communication range hence allowing
communication only when in close proximity. A UGV is



responsible for locating victims and performing basic triage,
i.e., labeling each victim based on the priority levels outlined
in the background section, and adding the detected victims to
a task list. The UGV then reports this task list to a UAV
strategically positioned in the middle of the environment.
Lastly, the UAV flies to the medic to report the task list; after
receiving the list, the medic computes the optimal order to
visit the tasks.

Fig. 2: Proposed heterogeneous system architecture diagram

A. Ground Vehicle-Explorer

Fig. 3: UGV State Diagram

In our proposed solution, UGVs are tasked with exploring
the environment to search for tasks (i.e., victims) following the
state diagram in Fig. 3. During exploration, each robot’s path is
set in such a way to ensure coverage of the entire environment
by leveraging the Divide Areas Algorithm for Optimal Multi-
Robot Coverage Path Planning (DARP) [7]. The algorithm
splits the environment evenly among the ground robots and
assigns each robot a path to follow in order to survey the entire
environment effectively. In our implementation, the ground
robots follow their paths until a task appears in their sensing
range. If the task is a lower priority (level 1 or 2), the robot
adds the tasks to its task list and continues to follow its
exploration path. If the task is of high-priority (level 3), then
the agent moves into the continued explore state. While in
this state, the UGV continues to explore the area in which the
high-priority task was discovered by driving to the middle of
the task and surveying the surrounding area for more tasks.
The robot do this up to N times, where N is decided by the
user, and then report all found tasks to the UAV. The UGV is
programmed with such behavior in order to discover clusters
of tasks; this will avoid additional trips to the UAV if multiple
tasks are discovered in the same area. The UGV leaves the
continued exploration state if any of the following conditions
are met: 1) there are no additional high-priority tasks found,
2) there are fewer than N tasks found, and upon reaching
the center of the last detected high-priority task, there are no
additional tasks in the surrounding area, or 3) N tasks have

been recovered. When one of these scenarios occurs, the UGV
moves into the deliver state. In such state, the UGV moves to
the UAV rendezvous point. If the UGV does not find the UAV
at the rendezvous point, it waits until the UAV returns. If the
UGV finds any lower-priority tasks while exploring, it waits to
report them and continue exploring until a high-priority task
is discovered or the assigned section is fully covered. In some
instances, the UGV does not find any priority 3 tasks. In this
case, the UGV reports all tasks to the UAV after finishing
exploration.

B. UAV Relay

Fig. 4: UAV State Diagram

The UAV in this work acts as a relay and is responsible
for delivering tasks received from the UGVs to the medic as
depicetd in Fig. 4; it is the only agent that interacts directly
with the medic. The UAV knows the medic’s dynamics (e.g.,
average and max walking speed) and the order list of tasks
that the medic would be working on which is shared once the
UAV and medic meet. The UAV’s behavior can be divided
into two states as depicted in Fig.4: rendezvous and go to the
medic to deliver the tasks. When the UAV is at the rendezvous
state, it positions itself in the middle of the environment. This
provides a shorter distance for all UGVs to report victims to
the UAV, allowing the UGVs to quickly return to exploring the
environment. We chose this approach for ease of discussion
and implementation, however other methods can be considered
to further minimize the distance traveled by the UGVs such
that: 1) making the UAV’s rendezvous point dynamic with
the middle point estimated at every point in time based on
current predicted locations of UGVs, or 2) making the UAV
constantly or periodically visit each UGV with a round-robin-
like approach. In our approach, to prevent the UAV from
excessive energy use, the rendezvous point remains in the
middle of the environment throughout the exploration process.
During the deliver state, the UAV reports all tasks to the medic.
Although the UGV only reports to the UAV after discovering
a high-priority task, the UAV reports all tasks that the UGVs
have discovered organized in a task list, regardless of the
priority.

C. Medic

Fig. 5: Medic State Diagram

The medic is responsible for treating the victims reported
by the UAV. The medic may decide to go to tasks based on the



order they were received, closest distance, or any other metric.
Since we are concerned with treating higher-priority patients
first, we cast this problem as a Traveling Salesman Problem
(TSP). The complete medic behavior is described by the state
machine shown in Fig.5. While the medic waits for tasks, they
remain in an idle state. When the medic receives the task list
from the UAV, it moves into the plan path state. In this state,
the medic determines the order to tend to victims through a
priority TSP solution. The priority TSP first splits the task list
T into three separate lists based on priority. This algorithm
utilizes a brute-force TSP, so that each route is considered,
and the route with the shortest path is selected by the medic.
Since the TSP is run on each task list separately, the optimized
path is generated for each priority task list, producing the
shortest path among the known higher-priority tasks, followed
by the shortest path for the lower-priority tasks. These lists are
merged into a singular optimized task queue for the medic,
stored in Tordered. The prioritization of the queue through the
TSP is shown in Alg. 1. If there are no tasks discovered of a

Algorithm 1 Priority TSP

1: Input: Task list T with priorities {1, 2, 3}
2: Output: Ordered task queue Tordered
3: Initialize lists T1, T2, T3 ← ∅
4: for each task τ in T do
5: if priority(τ) = 1 then
6: T1 ← T1 ∪ {τ}
7: else if priority(τ) = 2 then
8: T2 ← T2 ∪ {τ}
9: else if priority(τ) = 3 then

10: T3 ← T3 ∪ {τ}
11: end if
12: end for
13: P3 ← TSP(T3) ▷ Optimized path for priority 3
14: P2 ← TSP(T2) ▷ Optimized path for priority 2
15: P1 ← TSP(T1) ▷ Optimized path for priority 1
16: Tordered = {P3, P2, P1}
17: return Tordered

certain priority, for example, if there are no priority 2 tasks,
the finalized task list would consist of the priority 3 tasks
sorted using the TSP followed by the priority 1 tasks sorted
by the TSP. As long as there are tasks in the queue, the medic
will continue treating victims. Once a task is completed, it is
removed from the queue and added to a completed task list
to prevent the medic from going to the same victim twice.
When all tasks are completed from the task queue, the medic
remains idle at the last task completed. Whenever a new task
is added, either from the relay delivering a new task or the
medic discovering a task, the TSP is run and a new path is
generated. The medic can also add more victims to the task
queue if they are discovered while traveling. If a medic finds
a new victim, however, the priority TSP must be run again;
just because a medic discovers a victim does not mean they
will be treated right away.

VI. SIMULATION AND EXPERIMENT RESULTS

A. Simulations

Several simulations were performed to validate our pro-
posed robotic triage approach. For each simulation, we used
a 80m×50m rectangular environment with the rendezvous
point located at (40, 25). Each simulation consisted of a
random number and location of tasks with 3 UGVs, 1 UAV,
and 1 medic.

Fig. 6 shows a series of snapshots for our proposed triage
approach for a case study with 5 priority 3 (red), 3 priority 2
(yellow), and 3 priority 1 (green) tasks scattered in the
environment.

(a) t = 9s (b) t = 13s

(c) t = 18s (d) t = 21s

Fig. 6: Sequence of snapshots demonstrating our proposed approach
in action with 3 UGVs, 1 UAV, and 1 medic.

The different behaviors discussed in the approach section
can be seen in these snapshots. At t = 9s (Fig. 6(a)),
the ground robots are exploring the environment on their
respective paths. The green UGV is making its way back to
resume the exploration from where it left off after finding and
reporting a high-priority task to the UAV at the rendezvous
location. In the same snapshot, the UAV is flying toward the
medic to deliver the task. Note also that the red UGV doesn’t
report yet to the UAV the two lower-priority tasks (yellow)
found during its exploration.

At t = 13s (Fig. 6(b)), the green UGV has found two
other high-priority tasks and is navigating to the rendezvous
location to report them. Here, we highlight the continue
explore behavior presented in Fig. 3 and in the UGV section:
the UGV navigates to the first high-priority task to check if
other tasks are available; it finds another high-priority task.
It navigate to this task but doesn’t find other tasks; thus
it proceeds to report these two tasks to the UAV. In our
implementations we used N = 5.

At t = 18s (Fig. 6(c)), the UAV is traveling to the medic
to alert them about the two new red tasks found by the green
UGV. The green UGV is going back to continue its exploration
while the blue UGV is at the rendezvous location waiting to
report a red task, that it found during its exploration, to the
UAV.



At t = 21s (Fig. 6(d)), the UAV is navigating back to the
rendezvous point where it will collect the blue robot’s tasks,
while the medic is making their way to the two red tasks it
just received.

The final path of the medic is shown in orange in Fig. 7. As
can be noted, the medic visits high-priority tasks before taking
care of lower-priority ones. The medic receives the location
of the fifth high-priority task – located at (10, 15) – only after
visiting the priority 2 task (yellow) at (55, 12).

Fig. 7: The final paths followed by the robots and medic.

Comparisons with other methods: Our proposed prioritized
robotic triage approach was compared with the following
methods.
No priority method: In this case the priority of the victim’s
injuries is not taken into account when the medic decides
which tasks to visit first or when the UGV decides when
to report tasks. The medic’s decision of what task to visit
is based only on the distance to the task as if all tasks have
the same high priority. The UGV reports any task they find,
regardless of that tasks priority. The ground vehicle continues
to search for any additional tasks in the area after finding a
victim, regardless of priority. The final path of the medic for
this method is shown in orange in Fig. 8(a).
No UAV relay method: The second method tested is when there
is no UAV present in the environment and the UGVs follow
the same behavior of our approach, i.e., they deliver to the
medic only when they find a high-priority task. This leads to
the UGVs having to travel to and communicate their tasks to
the human agent themselves. The final path of the medic for
this method is shown in purple in Fig. 8(b).
Constant Communication method: The third method tested
considers constant communication everywhere in the environ-
ment, that is, the UGVs are able to communicate tasks to the
medic without traveling to the medic’s location. There is no
UAV in this method. The medic here executes tasks as they
are received following the prioritized TSP solution presented
in our approach. This method would require the UGVs to
have the functionality to share information over a network,
which is often difficult in disaster triage situations where a
communication infrastructure may not exist or be damaged.
The final path of the medic for this method is shown in red
in Fig. 8(c).

We ran each method on 10 different cases studies and
performed a statistical analysis with the following metrics:
i) a score s to evaluate how well the medic served tasks based
on priorities, mathematically:

V = ||V ∗ − Vm|| (1)

s =

NT∑
i=1

V (i) (2)

where V ∗ is a vector containing an ordered list of the tasks
based on priorities, Vm is a vector containing the actual final
order of task priorities served by the medic, and NT is the total
number of tasks in the environment. To create a numerical
score, each priority type inside V ∗ and Vm has a numerical
value assigned: for example, in our simulations we chose
priority 3=100, priority 2=50, and priority 1=20;
ii) the total time to complete the mission;
iii) the UGV average distance traveled which is also propor-
tional and an indicator of the average energy consumed; and
iv) the total distance traveled by the medic.

When comparing the three alternate methods to our ap-
proach in Table I, we can see that our method performs best
in the time and score metrics. This implies that our method of
robotic triage ensures a time-efficient process and that high-
priority victims are treated first.

TABLE I: Comparison between different methods

Additionally, our method performs well in the distance trav-
eled by the UGVs, second only to the constant communication
method where the UGVs do not have to travel to the UAV or
medic to report tasks. The method with no priority may reduce
the amount of distance the medic travels since the medic is
not required to triage higher-priority tasks first. The medic
decides which tasks to triage based on their distance from the
task, leading to a shorter distance traveled overall. Similarly,
the constant communication method naturally has the lowest
UGV average distance traveled since in this case the robot
doesn’t need to travel anywhere to report its found tasks and
can simply continue following its path.

B. Hardware Experiment
Fig. 9 shows results for a real-world experiment in which

two Husarion Rosbot2 UGVs, a medic implemented with a
Rosbot2 wearing a yellow helmet, and a Bitcraze Crazyflie
2.0 quadrotor UAV are tasked to find, triage, and serve
tasks in unknown locations in the environment. At t = 28s,
(Fig. 9(a)), UGV1 finds a high-priority task (red) and travels
to the rendezvous point to report it to the UAV. At t = 30s
(Fig. 9(b)), UGV1 is returning to its designated path, and
the UAV is traveling to the medic to report the tasks found
by UGV1. At t = 49s, (Fig. 9(c)), the medic makes its
way to the task reported by UGV1. The UAV returns to the



(a) No priority method (b) No UAV relay method (c) Constant communication method

Fig. 8: Comparison of medic final paths for three different methods.

(a) t = 28s (b) t = 30s

(c) t = 49s (d) t = 93s

Fig. 9: Experiment results with 2 UGVs, 1 UAV, and 1 medic.

rendezvous point after reporting the task to the medic. At
t = 93s, (Fig. 9(d)), the medic travels to a high-priority task
in the upper left of the environment while UGV2 travels to
the rendezvous point after finding a high-priority task in the
upper right quadrant of the environment. The medic ends up
visiting first priority 3 tasks before switching to priority 2 and
priority 1 tasks if no other high-priority tasks are available,
demonstrating the applicability of our approach with a real
heterogeneous robotic system.

VII. CONCLUSIONS

In this work, we have presented an optimized and time-
efficient framework for human-robot triage. Our approach
leverages heterogeneous robotic systems in a coordinated ex-
ploration, delivery, and task assignment and execution frame-
work. Results from comparisons with other methods show that
our approach performs the fastest, produces the best priority
score, and records a low average UGV distance, second only
to an ideal method with constant communication. Although
our method has a higher medic distance traveled than some of
the other methods, it completes high-priority tasks faster than
other methods, aiding victims with lower survivability rates in
a shorter time frame.

Future extensions to this work could further aid in imple-
menting a robotic system into the triage process: for example,
a medic could recruit the lowest-priority victims after treating
them to help treating other patients or to find victims similar
to the UGV’s behavior. In future work, we plan to include
more complex environments with obstacles, changes in terrain
conditions, and disturbances. A deeper study on how the
number of medics, UGVs, or UAVs affects the metrics is also
on our agenda to better assess the presented metrics and per-
formance of the proposed solution. From an implementation
point of view, future work could include considerations on
the types of sensors to be used to enable robotic triage in
real outdoor environments and conditions. Additionally, more
realistic assumptions on the medic dynamics, such as fatigue
and mental load, are needed to further improve the proposed
method.
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