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Motivation

Disaster response - chaotic and Natural language control:
high-pressure, requiring rapid, accurate

coordination - intuitive, hands-free control for
Traditional multi-robot control platforms: non-expert operators

- Require specia"zed training = effICIent, Safe |Og|St|CS |n I|Ve
- High cognitive load SAR missions




NAMUR: Natural-language Assisted Multi-Robot Control

Challenge Multi-robot teams are hard to manage, especially for non-experts.
Opportunity LLMs enable simple, natural team control.
Vision Operators speak, drones act.

“Please elevate the
priority of the shoreline
search, expand to

walking distance of the
missing child.”

LLM
Interprets user input to
draft mission plans &
provide dynamic Ul
elements for user input

Multirobot planning ’ ;
algorithms ‘ %
Optimized path plans
for defined area //CQZ,

“Closed-loop
reasoning”
Drone control
Send/receive flight
commands and data

Graphical user interface
Feedback and User input




But how do we achieve this?

Intro to LLMs as Agents




Large Language Models (LLMs)

Definition: Al system trained on vast text data that generates language by
predicting the next word in a sequence based on context.

. ChatGPT v 4 GetPlus J, Share
0, /
S ;ﬁ;’u _/i:/,»/»f* always 17%
™
// N Briefly explain what is an UAV in 50 words

/ — too

/

[ — creative 15%
\ S

| 25% §

/ ¢ ~_——— alive
| .~+ being - , : : :
7 s An Unmanned Aerial Vehicle (UAV), commonly called a drone, is an aircraft

N,

I Like <! ~~* pumpkins operated without a human pilot onboard. UAVs can be remotely controlled
\ r J \\\ (/’*' lord #2% or autonomous, using sensors, GPS, and software for navigation. They are
Prompt ‘ R the _E\:{i//\»7:7$ Taion; ae% widely used in photography, agriculture, surveillance, mapping, delivery,
‘ \\ - smell scientific research, and military operations around the world.

Wi \;v2 + Ask anything g =



Limitations of LLMs

Problem #1: Outdated Knowledge

e Trained only on available data at the time of training
e Cannot access real-time updates (e.g., weather, stock values, sport results)

Problem #2: Weak in Math

e Strong at writing and summarizing text
e Prone to errors with simple math operations

Problem #3: Cannot Interact with the Real World

e Only able to give text responses depending on user query
e Cannot add entries to your calendar, turn on the light in your living room, or:

Move drones in the real-world on demand




Solution: LLM Agents - Tools as Superpowers

We can enable the agent to call “tools” whenever necessary to solve the task
instead of hallucinating a response.
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Solution: LLM Agents - Tools as Superpowers

Problem #1: Outdated Knowledge

- Tool for internet searches

Problem #2: Weak in Math

- Access to a calculator tool

Problem #3: Cannot Interact with Real World

- Tool for creating calendar entries
- Tool to make a drone take off or go to a coordinate / follow a trajectory



LLM Multi-Agent Systems

Agents collaborating to solve a task

Aspect
System design
Best for

How work
happens

Running cost
Model usage

Main benefit

Main drawback

Multi-agent
Many specialized agents
Large, complex tasks

Parallel and split

Higher coordination cost
Large planner, small executors

Scales and specializes

Harder to coordinate

Single-agent
One general agent
Small, simple tasks

Step-by-step

Lower overall cost
Same model does all

Simpler and easier to
manage

Harder to scale

(LLM - MAS)

Different possible architectures
/ ways of connecting them.

Supervisor
(as tools)
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May / June 2025 - JEMERG 2025 -
First Real-World Application to Deliver

Critical Materials with an UGV via
Voice-Commands




Real-World Deployment of an LLM-Enabled
Volce-Commanded UGV for Logilstics in SAR Missions

Alejandro Jarabo-Pefias’ Juan Bravo-Arrabal? Da-hui Lin-Yang? Francisco Pastor? Robert Ladig’ J. Jesus Fernandez-Lozano? Anders L. Christensen’  Alfonso Garcia-Cerezo?

Venue:
XIX Workshop on Security, Emergencies, and Catastrophes - JEMERG 2025

Presented at:
2025 IEEE International Symposium on Safety, Security, and Rescue Robotics

TUAS Drone Center, University of Southern Denmark (SDU), Odense, Denmark
2Robotics and Mechatronics Group, IMECH.UMA, University of Malaga, Malaga, Spain

UNIVERSIDAD
DE MALAGA

NAMUR (Independent Research Fund Denmark- grant 10.46540/4264-00105B)
University of Malaga (Ministerio de Ciencia, Innovacion y Universidades, Gobierno de Espafia - grant PID2021-1229440B-100)



Contribution

Voice-commanded UGV in real-world SAR:

150+ first responders involved

3 critical material delivery missions

UGV (Roverd8) +

Smart helmets for live position tracking




Commands Interpretation - LLM-MAS

Coordinator — decomposes tasks Operator preview before confirmation =
safety and correctness

Spatial Agent — spatial awareness and coordinates

Robot Agent — robot planning and movement requests

Summary Agent — conversational memory

_: Spatial Tools
"Move the Spatial [« J "The loading
robot 5 meters \ I G point was
east of the . Agent identified, and a
) . Coordinator Summary
loading point" — * request was
Agent r Agent sent to move the
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Missions & Results

TABLE I: Summary of operator commands, execution times, and outcomes for each mission.

Mission  Operator Command (Spanish / English) Command Time Arrival Time Total Time Notes

#la Envia J8 al casco 6 / Send J8 to helmet 6 10:37:00 10:39:46 2m 46s Successful

#1b Envia J8 a R6 / Send J8 to R6 10:39:50 10:42:08 2m 18s Successful

#2a Envia J8 a 5 metros al Oeste del casco 3 | 11:18:45 11:21:10 2m 25s Successful
Send J8 five meters west of helmet 3

#2b Envia J8 a R6 / Send J8 to R6 11:21:34 11:24:05 2m 31s Successful

#3 Envia J8 a 5 metros al Noroeste del casco 8 13:41:27 13:46:50 5m 23s Successful. Manual supervision
/ Send J8 five meters northwest of helmet 8 necessary due to hazardous slope.

(a) Requesting batteries. (b) UGV following its route autonomously. (c) Battery pickup.

Fig. 6: Sequence from Mission #1 showing the delivery workflow: (a) the drone pilot requests additional batteries, (b) the
UGV autonomously navigates to the delivery point, and (c) the pilot retrieves the batteries directly from the robot.
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https://docs.google.com/file/d/1Uu1g-AheZU15RPU1dsCcY9SmfLclad2C/preview

January 2026 -

Introducing Swarm-Steward -
Real-World Drone Swarm Voice Control




Swarm-Steward: Scalable and Reliable Natural-Language

Coordination of Autonomous Aerial and Ground Robots
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Contributions and GUI Example

Talk to drone teams using normal language.

Understands commands using map areas and e
live drone data, for example: bﬁ”g,zs A

- “orbit around Building 27"
- “search the drawn area”
- ‘“send the drone with the lowest battery back home.”

Safety checks happen before any real action is
carried out and during execution.

Tested both in simulation and with real drones.

Create two groups with two drones and four
drones. Set the smaller group to 20 m altitude
and the larger group to 40 m altitude.

Created groups [G]Alpha with 2 drones ([RJUAV1,
[RJUAV2) at 20m altitude and [G]Bravo with 4 drones
([RIVAV3, [RJUAV4, [RIUAVS, [RJUAV6) at 40m altitude.

Move group Alpha to the tank closest to building
25, and move group Bravo to a point 50 m south

of building 27.

Moved group_Alpha to tank_], the tank closest to
building_25, and group_Bravo to a point 50m south
of building_27.

Make the group with fewer drones orbit building
26 at a 5 m radius.

Queued group_Alpha to orbit building_26 at a 5m
radius, facing inward, 1lap, speed 8.0m/s, with action
ID 4d95622f and priority 3.

Move Bravo along the drawn path in a parallel

formation with good spacing between drones.

Moved group Bravo along the drawn waypoints path
in a line_parallel formation with 20m spacing
between drones.



Example 1

building®2:

S @25kmh y

4

Map understanding & Movement

Move alpha to the closest tank to building

@ Coordinator Agent:  21s,liter A
> INPUT

» THOUGHT PROCESS

Goal: Move group Alpha to the tank nearest to building_21.
« 1 - spatial_agent: Find the tank closest to building_21. Return the feature
name.

+ 2 - swarm_agent: Move group Alpha to the tank identified as closest to
building_21 (get the name from information from other agents).

@ 1- Spatial Agent :
> INPUT
» TOOL CALLS (1)

© find_nearby_to

Found 50 nearby features and 5 nearby entities for [F]ouilding_21
[Flbuilding_21 50 items 5items

The tank closest to [Flbuilding_21is [Ftank_7, located at a distance of
28.9m.

@ 2 - Swarm Agent :

» INPUT
» TOOL CALLS (1)

© move_to

Executing move_to [Fltank_7' for group [GJAIpha circle formation, radius 10m, speed
120m/s, ETA 155,

eaba1352 move_to TFjtank_7" [Glaipha execu

Group [G]Alpha has been dispatched to [F]tank_7, the tank identified as
closest to [F]building_21, and is currently moving in a circle formation with
an estimated arrival time of 15 seconds.
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Example 2 - Understanding telemetry

bl lHng 8 2 e e servaceny;
os chimney 5 ‘ 4

Bring the drone with

#ae P '
e 2 @ Coordinator Agent: | 2is 1

> INPUT
» THOUGHT PROCESS
Goal: Identify the drone with the lowest battery and return it to the home location.
«1- history_agent: Identify the drone with the lowest current battery level. Return the drone
name.
+ 2 - swarm_agent: Return the drone identified as having the lowest battery back home. Get
the drone name from information from other agents.

@ 1- History Agent: | 24s 31t ~
> INPUT
» TOOL CALLS (1)
© analyze_entities_data_for_interval
Stato ansiysis (battery_level) from I « ntitios: minil, miniZ, mini3, minid
Afiods Tioms “ iteme #lcompare_mini_min
State History (13:06:03 — 13:07:03) — mini1, mini2, mini3, minid
— mo moz — mn) e
H
H
The drone with the lowest current battery level is [Rminil at 55.85%.
& 2- Swarm Agent: | 294 3t ~

» INPUT

» TOOL CALLS (1)

(Gimien executing, 3

The drone with the lowest battery, [R}minil has been commanded to return to home base.

12°c B [40] %o
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Action State Machine

Underlying system that handles individual drone movements and safety constraints to
perform the swarm tool calls safely and correctly.

The LLM doesn't move the drones, just calls the tools that handle its movement!

-
> ACTION STATE MACHINE (ASM)

A~ ACTION MANAGER

— S A

—enqueue>. — _pop next _—

( >@ P s N
Safety Monitor

Action Per-Group Dispatth < Create Groups Compute Trajectory Send
Manager - Priority - assign robots, - formation offsets, Waypoints & - collision,
pause / abort / Entry Queues name, altitude  altitude adaptation,  Track Progress  conflict, max
reorder L slot, formation start optimization altitude
(_ feedback
updates/ tool calls _ )
alerts j Robots telemetry, /J\ l
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Swarm-Steward: Scalable and Reliable Natural-Language
Coordination of Autonomous Aerial and Ground Robots

Aajandro Jerabo-Panas, Jasn Bravo-Arratnd, Edouard Gacrge Alam Aollsnd
and Anders Lyhne Chnstensen
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http://www.youtube.com/watch?v=eXD3l9EsT4M

February / March 2026 - Rhino Search in
Ol Pejeta Conservancy, Kenya

Adding computer vision to the system




Rhino Search - 01 Pejeta Conservancy, Kenya

Finding rhinos in the savanna

YOLO to detect rhinos trained on 5000
drone pictures from different PoVs

Search with 3x DJI Mini 4 Pro
autonomously controlled via voice
commands.

Posterior analysis and video capturing
with manual drone control by a biologist
once rhinos are found



https://docs.google.com/file/d/10f4izgmP_xavzGa66Zgh70tXiIXP4Y3m/preview

It worked quite well offline..

Frome:-3/2277



https://docs.google.com/file/d/1uvTdQgeEil1ugTSs0tzNVsL9sCceeN1k/preview
https://docs.google.com/file/d/14CXiygdiwdX47DeuEIAOafhdbzFlVoKv/preview
https://docs.google.com/file/d/1i2lGAvEPROvEX0AR2VLTQABZ9UCrM3JW/preview

Extra - Coordinating Drones with Different

Camera Types to Take Footage of Elephants

Camera Types

DJI Mini 4 Pro - RGB - 50m altitude
DJI Mavic 3S - Spectral - 40m altitude
DJI Mavic 3T - Thermal - 30m altitude

Sync. movement of all drones to follow
elephants coordinated with Swarm-Steward


https://docs.google.com/file/d/1-MaPb4wmSkdgLydlMsdZ3ebMdW-adx4m/preview

April / May 2026 - Victim Search and

Rescue in JEMERG 2026, Malaga, Spain




JEMERG 2026 - UMA - MALAGA, SPAIN

Finding and geolocating victims in a realistic
search-and-rescue scenario.

Search with 6x DJI Mini 4 Pro autonomously
controlled via voice commands.

Position of victim shared with UGV robot for
evacuation.

Orbiting around found victim until evacuation takes
place.

Drone tracking and following of entities of interest:

- Search and rescue dog
- Evacuation UGV
- Ambulance



https://docs.google.com/file/d/1rG_NgwF54cmaaSroN-BDbF1T8ukASxbm/preview
https://docs.google.com/file/d/1zrwXtNkgNH8xioB8UeMILySOxEq9yvJe/preview

Swarm Search & Landing
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https://docs.google.com/file/d/12z8fgNxmi6bO-sDv0o_UR2Fq_miJeXAX/preview
https://docs.google.com/file/d/1BeJnWqEnyyjwlg26AnVMjDNMBZjLqicZ/preview

Orbit around found victim position

Ambulance following
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https://docs.google.com/file/d/1HwJB9McIGAvfOv2o9hs9zIF-g_7mdAbo/preview

Firefighter test & Evacuation UGV
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https://docs.google.com/file/d/1qbU7rJBRQU7L4WgOBojuzdo4m50B6Aib/preview
https://docs.google.com/file/d/17KITC5VzuB8-6ebhDxvwCwBODVA-ohKd/preview

Live Demo?
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