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RoboScout DTC Team

41 past and present members:

15 graduate students

10 undergraduate students
3 faculty assistants

5 professors

and more!

Spanning multiple institutions in University
System of Maryland:
e University of Maryland, College Park
e UAS Research and Operations Center
e University of Maryland School of
Medicine

RoboScout’s Performance:
e Challenge Event 1: Top University
Team, 3rd Overall
e Challenge Event 2: Top University
Team, 2nd Overall
e Challenge Event 3: TBD




Autonomous Robotic Triage in Mass Casualty Incidents

e Maedical Triage in Mass Casualty Incidents

e DARPA Triage Challenge - Systems Competition
e RoboScout DTC - Technical Approach

e Real-world Deployment

e Conclusions and Future Directions
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Medical Triage in Mass Casualty Incidents

Example of an MCI, Columbus OH, Nov'23 Medical triage during a mass casualty incident
(The Columbus Dispatch, November 14, 2023) (DARPA, https: //www.emdocs.net/pem-playbook-mass-casualty-incident-mci/)
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Autonomous Robotic Triage in Mass Casualty Incidents

Why employ robots?

e Faster situational awareness
e Force multiplication

e Detection of unsafe areas

When & where their deployment
makes sense?

e Unsafe environments (e.g.

CBRNE) e TN

S

e Big search areas Casualty

e Not experienced personnel
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DARPA Triage Challenge (DTC): Systems Competition Track

The System Competition Track of the DARPA Triage Challenge aims to promote the development of non-contact robotic platforms that
can assist emergency medical services in quickly and accuratel rforming triage of casualties during MCls.
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3-Year DARPA Challenge:
e ~10 funded and unfunded teams
compete in yearly Challenge Events
e Day & night Courses per Challenge Event

Course constraints:
e 20-40 casualties
e Up to 5 aerial and/or ground robots
e 20-30 minutes
e Up to 15000 sq ft arena



https://triagechallenge.darpa.mil/
http://flaticon.com

RoboScout DTC - Hardware

e HP Z2 mini G9 workstation (Intel i9-13900K CPU, an NVIDIA RTX
4000 Ada Generation GPU, and 64GB of RAM)

e Mini-OEMradio (Doodle labs)
e Emlid M2 multi-band GPS

e 4Kcolor camera fitted with Basler blaze-101 Time-of-Flight (ToF)

camera
e RGDE GO Il directional microphone and ReSpeaker Array v2.0 p %\\

e FLIR Boson thermal camera

e |WR6843 radar (Texas Instruments) Boston Dynamics Spot

Siivus Mesh Radio

Dual GPS wRTK —___ (or WiFi module)

FLIR Boson
Thermal
Camera

Laser Rangefinder

Gimbal 4k RGB Camera

Echopilot Al Rev 1D carrier board with Jetson Orin NX
compute module and PX4 flight controller

2 X ARK RTK GPS

4K color camera

FLIR Boson thermal camera

Rangefinder

Silvus Mesh Radio




Real-world Human-Machine Teaming Deployment



http://drive.google.com/file/d/1arby-SNtdYgbwczhLQqAOPurHKDzBq0m/view

RoboScout DTC - Sensors and Inference

Injury Categories

RoboScout
UAV

o0

Critical

RoboScout
uUGv

Color Camera P Color Camera
Severe nemorrnage
—i Person Detector @h General-Purpose Al
i Respiratory Distress = e e
General-Purpose Al & ' Custom Image Processor

vitals FX88 Depcnt
Heart Rate Microphone
7}‘" Respiratory Rate Vocal Classifier
Speech Interpreter

Trauma
TqF Depth Camera

Extremities

Vo
Thermal Camera o
Person Detector @
! Gene(al-Purpose Al
|‘ Pose Detector @
Rangefinder - C?’
Signal Processing © X

™\
'

-4
)

Frequency Analysis
Torso & Head
Depth Image
Alertness Radar
Oculer Signal Processing
Motor
Verbal Thermal Camera
- Y Pose Detector
Patient /| :
Type ‘ /4 Audio Speaker
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Location 7 |
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RoboScout DTC - Casualty Injury Estimation

» State Estimation

 UGVs (x3) ' Robot Speech
! HP Z2 G9 Mini :
; Casualty Speech :
Audio ' Audio Classification > VLM & :
E and Transcription — Text-to-Speech '

Color and Observation ; {ochlizad
Thermal Images Person Detection and Messages > Y o s g

Image Classification Casualty Localization — Deofvalions
mmWave radar E
Measurements i 5 vitals Estimation — ;
GPS Fixes & ! Frame E
Spot Odometry: Transformations ;
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RoboScout DTC - Casualty Injury Estimation

Color and
Thermal Images

Person Detection and
Image Classification

(CLIP)

- Fine-tuned supervised classifier

- Zero-shot vision-language model

(VLM)

Incorporating LLaVA enhances robustness
by mitigating potential biases introduced
during fine-tuning of CLIP.

Observation
Messages

A photo of a [trauma head

to of a [Severe

A photo of a | Trauma

Casualty Localization

é Visual Encoder Weights
_ Unfrozen

ViT-B/16
Image
Encoder

Localized
Observations

Measure Cosine

Text Encoder Weighis 4
Frozen

Bert Text
Encoder

|lanq

—

Select injury label with
| highest cosine similarity

Z. Bortoff, S. Poojari, K. Baxevani, J. Gaus, C. Titus, A. Ashry, D. Paley. “Towards Distributed Robotic Casualty Assessment using Multimodal, Non-Contact Perception and Probabilistic Inference”, ICRA’26
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RoboScout DTC - Casualty Injury Estimation

Localized
Observations

Color and E Observation
Thermal Images: Person Detection and Messages

Image Classification Casualty Localization

- Fine-tuned supervised classifier
(CLIP)

- Zero-shot vision-language model
(VLM)

Incorporating LLaVA enhances robustness
by mitigating potential biases introduced < R .
during fine-tuning of CLIP. SER: describe this image

SISTANT: The image features a mannequin lying on the ground, possibly in a field or a p
ing lot. The mannequin is wearing a shirt and pants, and it appears to be lifeless. The s
ne is quite dramatic, with the mannequin‘s body lying on the ground, drawing attention to

jits lifeless state.
: wmhere, if any, are injuries located?

Z. Bortoff, S. Pogjari, K. Baxevani, J. Gaus, C. Titus, A. Ashry, D. Paley. “Towards Distributed Robotic Casualty Assessment using Multimodal, Non-Contact Perception and Probabilistic Inference”, ICRA’26
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RoboScout DTC - Probabilistic Inference Engine

Probabilistic inference engine combines results from image and audio
classification, and vital measurements. Exports triage category of
casualty.

Upper Extremity Lower Extremity
Trauma Trauma

Severe
Hemorrhage

Torso Trauma

i -Lower Extremity; Amputation.’ f-
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Real-time Injury Assessment



http://drive.google.com/file/d/1LwJBKN1E86L-rGbQql0SfQkkExJb9cAI/view

RoboScout DTC Medic Interface

Rain Tech’'s Health, Awareness, Intelligence, and
Logistics (HAIL) Platform:

ATAK-integrated medical situational awareness
Sensor/Hardware agnostic
e Works over hybrid edge networks: IP radios,
goTenna mesh, EVERYWHERE Comms satcom
e Peer-to-peer syncing for DDIL/edge environments

Supports:

e Real-time team health monitoring and alerting

e Digitally documenting and sharing casualty care
e Digitally-aided requests for evacuation
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RoboScout DTC - Medic Interface (Early Example)

QRS =

Patients ¢

v Assess @

Assess @
08:16

08:16

M #4 pp1380 | » () CASEVAC -F'l\t
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14R QU 54147 85654 ®
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http://drive.google.com/file/d/1i85C_1ANeKtN3u_AFsk-uKRD_WptFSQx/view

DTC Challenge Event 2 - Overall Performance

Correct Injury Classifications - Course 1

Sewere Hemorrhage (3 Classilications)
FRandom {2-Class]

Raspiratony Distress 2 Classifications)
Random (2-Class] — {

Hepar Rate (60-13% bpm, &5 bpm)
Haart Rate Rand F {

Rariparatony Bte (0-30 bpm, + 3 bpm)
Resparatony Rate Random p— {

Hotor Alertness 4 Classificabions|
Random (8-Class) — {

Ooular Alertress (3 Classifications)
Random {3-Class) —y

Verbal Alertriess (4 Classifications]
Bundom (8-Clasd) _____ 1

Head Trauma (2 Classifications)
Bundom {2-Clasd) f— |

Torse Trauma (2 Classifications]
Random (2-.Class] e * |

Leer Extremity Trauma (3 Classilications]
Fandom {3-Class] s el ™ -

Uppar Extremity Trauma {3 Classifications]
Fandom {3-Class] S . -

Total Casualists Assasted

Totad Canzaltsesy

@ 1 2 3 4 5 & T & 9% W 1} 1 13 14 15 16 17 18 19 20 31 3T 23 24 25 X6 2T B I W

Random Guess Model BN Humans B Manikins




Ongoing and Future Work

In preparation for DTC Challenge Event 3
e Advance UGV navigation autonomy in clustered and low-visibility environments
e Keep expanding and diversifying our training datasets to improve model accuracy

e Improve medic user interface to simplify operations on the field
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Concluding Remarks

Heterogeneous robotic fleet can be used in mass casualty incidents to
detect, localize, assess and report casualties.

RGB imagery is adequate to assess injuries during daytime, however a
more broad sensor configuration is necessary for low-visibility
conditions.

Accurately presenting casualty locations and triage status on the
medic interface can provide actionable insights that can potentially
increase lives saved.
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