Drone -Based Solution
for Efficient Search and
Rescue Mission



“It 1s difficult to say what is impossible,
for the dream of yesterday is the hope
of today and the reality of tomorrow.”

—Dr. Robert H. Goddard
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Model -Based Systems Engineering (MBSE) Course

Some projects...

Design and Validation of
a Stratospheric Vehicle
Using Model -Based
Systems Engineering

Design and Validation of
a Stratospheric Vehicle
Using Model -Based
Systems Engineering

Development of a High -
Power Rocket Model
using the Arcadia
Method

(MBSE) (MBSE)
Contact: Contact: Mercury is the closest
odeiesus ramirez@udea .edu.co steven.cardonal @udea.edu.co

planet to the Sun and
the smallest ofthem all


mailto:steven.cardona1@udea.edu.co
mailto:gdejesus.ramirez@udea.edu.co

Why Choose MBSE and Capella?

Model-Based Systems Engineering (MBSE) offers
a modern, structured approach to designing
complex systems, using models as the primary
means of communication and documentation.

Capella, as an MBSE tool, provides an intuitive

A |
vV ‘ a e a platform that supports the Arcadia method
— (Architecture

Analysis and Design Integrated
‘ Approach) .
Open Source MBSE Solution ~ “PProacn)
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Challenges in Search and Rescue Missions

Victims are often stranded

In remote, Inaccessible
areas or hazardous
environments.

Traditional methods rely
heavily on ground teams,
which are slow and face
significant risks.

Time -delayed
response

Critical time is lost in
locating and reaching

i

1

victims.

Increased risk
Rescuers face life-
threatening dangers,
reducing mission safety

®

3 Higher fatality
rates

Delays directly impact

victim survivalrates.
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How Search and Rescue Missions Are Conducted




Our Vision for Search and Rescue Missions

two crucial phases, ensuring its effective
development : the search phase and the rescue

For our proposal, we divide each operation into e
phase. -

The search phase focuses on quickly and
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accurately locating people in difficult conditions,
while the rescue phase concentrates on safe
and efficient extraction .
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Key Definitions for Understanding

Victim : Refers to a person who has suffered harm, damage, or an adverse
situation due to a circumstance, such as an accident, disaster, or any
unexpected or harmful event.

Patient : Refers to any victim who has had direct contact with rescuers; in
other words, a victim becomes a patient once they are in the care of the
rescuers.

Checkpoint : Refers to a control point or a strategically selected location
near the area, used to ensure the progress or status of the operation .
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()4 Operational Overview
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Entities and Actors

oerations Operational Entity: A real-world entity (such as an
ety | organization or system) that interacts with the system being
studied or with its users.

operstonalacer Qperational Actor: A human, indivisible entity within an
% Operational Entity who has a specific role in the operation
(e.g., a pilot or an operator).
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Entities and Actors

For our case:

Five Operational Actors
Two Operational Entities

Rescue Base

Ambulance

Rescuers  Ground Operators

XX
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Paramedics

Logistic Team  Technicians

XX



Search and Rescue Systems

Search System: The search system
uses drones to locate victims in hard-to-
reach areas. After taking off from a
control station, the drones fly to the
search area, descend to a set altitude,
and follow specific search patterns . Upon
locating a victim, the drone sends the
location to the control station for a quick

and efficient response. Recommendation: DJI Matrice 300 RTK
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Search and Rescue Systems

Rescue System: The rescue system is
responsible for extracting the victim once
located. This system consists of a main
drone capable of carrying its own weight,
as well as that of two equipped rescuers
and a first aid kit. The drone has the
ability to avoid obstacles and maintain
stability in static flight, which is crucial for
allowing the rescuers to prepare for the
victim's extraction .
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Arcadia Method

Understand the real needs of the
context .

x Define the architecture considering
engineering as a whole .

x Facilitate validation and verification .

x Support requirements gathering

Operational Analysis
What the users of
the system need to
accomplish

Functional &

Non Functional Need
What the system has to
accomplish for the users

Logical Architecture
How the system will work
to fulfill expectations

Physical Architecture
How the system will be
developed and built

Capella MBSE Tool - Arcadia



Operational Analysis

Rescuers: Access and extract the
victims

Ambulance -Paramedics : Provide
medical care and transport the victims
to safe facilities.

Technicians : Keep the equipment
operational.

Ground Operators : Monitor the status
of rescue operations.

Logistic Team: Manage the
transportation of equipment.

Rescue Base: Provide accommodation
for personnel.

22

2 Tedhnicians

Coordinate with teams

@ Prepare ground systems|

Dl Docynentatior

Operational Architecture Diagram

OAB



Operational Analysis

Store and
"4
safeguard
equipment
Provid e - Perform equipment
R 2
'( LOMICE e maintenance " .
« Access and extract the care M. Documentation
victim
ml{ .
" Trajsport =, Maintenarnce protocols
ey ; . I .
. Rescug protocols ,1}.; TPy
N U2 Transitign of attention . Tra n§port o Ensure o_pera_tlonal
ok Stabilize the patients functionality
(oAl i
victim

Rescue Operational Process
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Operational Analysis

Mode and State Machine:

x Clarity in the system's behavior
¥ Early error identification

x Coordination between subsystems

x Support for testing and simulations

24



Operational Analysis

|' (31 Deployment

( =1Waiting ]

1\ |

[ [S)Search State l

System ready,
awaiting activation

‘[I (%) Rescue ;
Extraction and victim

stabilization
operation

The resources are
deployed

|

Victim location

| (S)Maintenance 1

Ensuring equipment
readiness for future
missions
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Operational Analysis

[ @

Drone at rest,

awaiting mission deployed and flies

assignment.

‘ S“Reportng

The drone sends a The drone returns

detailed report to
the rescue team

S’ Flying

The drone 1S

to the assigned
area.

5"‘ Returning

to its point of
origin

=] Detecting

The drone uses
its sensors to
search fora

potential victim

©Fi"‘l&5

The system
completes the
operation
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[Shidle

Assigne

[S1Flying

d Mission

(51 Detecting

Suspected victim found

—_—

[SIReporting

Confirmation of victim found

-

Rescue

[S)Returning

drone in position
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Operational

|' S dle ‘

Drone idle,
awaiting victim's
location

[ S)Rescue operations ]

Rescuers apply

techniques for

quick and safe
patient extraction

Analysis
'.(S".'Preparation of rescuers‘ [ [(S)Flying to victim |
Rescuers prepare The drone is
with the necessary deployed and flies to
equipment the location provided
by the search drones.
‘. =) Returning I
| ’ @rinal
The drone returns The system
with the patient to completes the
base for handover operation

to paramedics
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I Initial

[Slidle

Receives coordinates of the victim's location

Pr—
S1Preparation of rescuers

e

Flight approval

S Flying to victim

—

Patient assistance

e
[S)Rescue operations

S

Patient Extraction

[S1Returning
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Operational Analysis

[S)Rescue Operation

[in Situ]

[S) Logistic Team

[SIRescuers

= call =) Base

O—

Initial

MSM Coordination
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System Analysis

Main Missions:

¥ Provide victim search

¥ Provide patient extraction

Provide transportation
medical center

to the

Mapping of the area

Provide patient extraction

.

Avoid obstacles in the area
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©

©

Assess the patient's condition Stabilize the patient
Secure the patient for extraction Safe extraction

MCB

Provide transportation to the medical center

Provide prompt attention

Provide patient care

Mission Capabilities Blank

(<)



System Analysis

Ensure redundancy in case 3
propulsion component fails

The vehicle must have the capability
@ maintain vercal fight (VTOL) and hover in|
place )

@ autonomous fiight through siuationgl
avaren:

Provide smscwural suppor t the different
@ subsyst=ms, rescuers, and victims, as well as
against the forces acting on the vehicle

Transmit information on fight parameters
and vehicle status, such as vertical and
Generate the necessary lift to ransport @ horiz P

‘wo rescuers with their medical
equipment and operational elements

Provide the required @ Provide the necessary
@ propulsion for the specific P energy for operation
movements of a VTOL

Perfom fight control actions
@ according t the operational
ssgment and obstacle detsction

3
Have a reserve elecrical charge that will be

operate for 5 minutzs at maximum power

Store a support system for the

and/or vietims

power source

Ensure proper navigation 1o cany
@ e operation and continuously
transmit to the ground station the
status along with it location

Provide autonomeous fight with the
@ ability to ke control from a ground g}
station.

System Architecture Diagram
SAB
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Receive information to
@ monitor the drone’s siatus
and operation

Send control
commands

4l Conrol commands "
g OPEIon
Saws

# Rescuers

Communicate the status of]

© the operation




Logical Architectur

fL)Rescue Drone

Tl Avienics

DEComms link.
L] Communications Control and process data from the:

—— D int=grated sensors and payload, such asg
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ubsystems e
= vehicle status, such as

cameras o detection systems
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speed, and the sttus of the, Menitar the system status and alert

- CO m m u n iC a t io n S power source. about critical conditions or failures

A Ground seiion

{fLlPayload Suppert

—

'@ eiemens for te opematon, such 3
secner

Dl Comms finke

Transmit real-time videg

- Navigation — Control s

@Recehe information to monier the 4 Comts ink
drone's status and operation

- Avionics — e

- PowerPlant S ol | oo [ e

@S0 ol D&znergy

Store a support system for the
@ payload, consisting of rescuers.
andfor victims

commands

Gensrats the necessary it to tansport fwo

* ~ rescuers with their medical equipment and
= P ro u S 10 n Ensure proper navigation to cany out the operaton FEEEEeE T operational slements
@ and continuously ransmit to the ground swton the SR
staws along with its location @ emergenciss, sliowing the
drone to opsrate for 5

- Payload Support S E—

D Contol signals i the shiiy @ maintin venical fight (VTOL) and hover
control from 3 ground station. in piace.
Struct e
Detzct and avoid obstacles during its e e et
© stonomeus fignt mraugn sastonal ausren Provide siuchural supgor s the propulsion component fais:
ditierent subsyst=ms rescuers,
8 Envirenment and victims, as well as against
the forces acting on the vehicle
Provide the required
Provide @ PerTom fight contsl actiens scconing s the @ propulsion for the specific
Chzmzmmz) operational segment and obstace detection movaments of a VTOL
conditons

Logical Architecture Diagram
LAB
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Physical Architecture

Advantages

- Identify the necessary
physical components for
the drone.

- Relate each component
to its function within the
system.

- Understand the
interactions between the
different subsystems.

Physical Architecture Blank
PAB
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Physical Architecture

Physical Architecture Blank
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Physical Architecture
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()6 Conclusions and future work
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Conclusions

- The use of MBSE enabled the efficient structuring and management of the
complexity of the operation and drone design.

- Thanks to Capella, complete traceability was achieved from the initial
requirements to the implemented solutions, ensuring that the drone's main
functionalities were aligned with operational and rescue needs.

- The model-based approach enabled the development of a modular drone
design, where each subsystem can be upgraded or replaced without
significantly affecting the rest of the system.

- The current design approach allows for meeting the operational requirements .

- The drone, as an aerial rescue system, successfully fulfills its primary objective :
providing a swift and safe solution for the evacuation of injured individuals in
hard-to-reach areas, thanks to the precise integration of all its subsystems .



Future Work

Perform the validation and verification of the
system.

Model operational scenarios to identify
potential failures or areas for improvement .
Design a physical mockup to verify the
integration of the main components, without
requiring the drone to be fully functional at
this stage.
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Thanks!

Do you have any questions?

ogdejesus.ramirez@udea.edu.co -

ifelipe.rios 1 @udea.edu.co
(+57)314 541 3538 -302 3340611

Q Gerarding
GitHub -

CREDITS: This presentation template was created by Slidesgo, and
includes icons by Flaticon , and infographics & images by Freepik



https://bit.ly/3A1uf1Q
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr
mailto:gdejesus.ramirez@udea.edu.co
mailto:jfelipe.rios1@udea.edu.co
https://github.com/Gerarding
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