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When real-time fails: texting a medical emergency
Why we ran care over Matrix with one-way delay

No voice communication &
a severe network delay:

How do you still manage
a medical emergency?

The constraints:

Voice intentionally off + 20sec delay

Medical Emergency: Ventricular tachycardia

Team not clinically trained

Instant messaging only [Matrix/Element]
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Where can we safely
stage and repeat this?

On a simulated moonwalk:
the LUNA Analog Facility
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WHY LUNA?
Closing gaps (field vs lab)
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LUNA is a unique worldwide facility that addresses the testing and simulation needs of the
forthcoming lunar exploration missions
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The LUNA Alanog Facility

Moon on Earth
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PROJECT PLAN Sa FAU

LUNA Analog Facility EAU

NRW funding Building start
Technical ouffitting Building erection
201 7-2021 and first 5 years of Q3/2022 and basic outfitting 25/9/2024

operations until Q3/2024

LUNA design Outfitting project Inauguration event

start

Q2/2022 cspanapirjointy Q3/2023  LUNAs officially

Supported by: T —— open and ready to

o !
e o, and operate LUNA host partners!

des Landes Nordrhein-Westfalen
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Ground segment S
video, voice and data to the EAU
European HSF ground network e

LUNA

analcg facility

LUNA - Current status

Moonbase elements
____——-_:—— FLEXHab & EDEN-LUNA for

simulations and IVA research

Visitors' room
for outreach & education

' proparaion ra : & 1 Regolith testbed
: | P i = “ ] simulant EAC-1A, 700 mz2;
EVA suits e . =2 Y depth 60 cm to 3m;

subsurface targets; rock samples;

2 customized Atlas
infrastructure mockups; rovers

EXCON suit simulators
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Hall elements still under development... &2 |"|§/A\\U
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LUNA Analog Facility EAU

Gravity offload system

»
’ "> Sun simulator
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LUNA Utilization campaigns
LUNA Analog Facility

Swarm Navigation Test
(DLR)

Geophon
DLR, ISAI
FZ Pots
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EUROHAB Test Campaign
at LUNA (Spartan Space)

Habitat Activities at
EUROHAB Test Campaign (Spartan Space)
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LUNA - EVA Cw EAU

LUNA Analog Facility
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LUNA Utilization Plans - EAU

LUNA Analog Facility

FAU

For lunar community
1. Technology platform
2. Operations platform

3. Science operations platform

!' 4. Integrated training

3. Mission simulations_

#1<full mission simi
Za o .,,. :
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LUNA Conclusions & o
LUNA Analog Facility 5
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Method Overview

Voice OFF < 20s OWD - Matrix/Element only « Three phases

Wwe ran

Voice OFF, instant
messaging only: Element

Three phases:

Nominal
Emergency
Evacuation

Roles:

EV1/EV2/EV3 (Field)
Medical Officer &
LUNCOM (ground)
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we ran it

Delay:

planned 20-second
one-way via DTN;
executed fallback: manual
gating (=40-s)

Four runs, Two days,
new Matrix room per run,
full logs

Two messaging modes:

Free-text
Structured text
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we ran it

See if structure
reduces ping-pong &
ambiguity under delay

Keep decisions
moving with clear,
small steps

Generate practical
patterns for Matrix/
Element in outages



Architecture — Intended
Delay via DTN/Bundle v7 across federated homeservers

»MOON*“ ,EARTH*
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Manual 40s gate, stock clients, normal federation

»MOON*“ ,EARTH* Read

..‘ ' l', @ > Chat Client
Chat L‘-‘ Control Room
Client ‘-’ 1 Lo X &

EV1
Read / Write
0’ S| +40s Write
* N Delay
e XX
h
el Chat Client
Client P
LUNACOM

EV2 ;

Read
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From procedures to message-sized actions

Nominal vs. malfunction—brought into chat

Nominal procedure

FAU

Malfunction procedure

ADAPT - Asynchronous Delayed Assistance Procedural Test - Voice to IM Handover (00:10) - PET 00:25 to 00:35

MCC

EV1 |

EV2

1. LUNACOM: Announce probability of voice communication
degradation

CAUTION

Voice communication is primarily to IM
until voice communication breakdown

LUNACOM

0.100 INITIAL
MEDICAL
EVALUATION VIA
IM

Acknowledge Circulation issue
under IM condition

> 1

2. LUNACOM: Brief EVs for IM handover
O Confirmation of correct IM chat room
O confirmation of correct IM chat room participants
O Exchange of IM test messages

3. Open IM app and select the correct room
O Retrieve tablet from tool belt
O wake screen
O if locked: Unlock with swiping over the display
O Tap Element app icon [APP_ICON]
O From the room list, select chat room <ADAPT_RUN_X>
[SEL_CHAT_ROOM]

[SEL_CHAT_ROOM]
[APP_ICON]

&

<CHAT_ROOM_NAME>

5. LUNACOM: Verify that EV1 chat room name matches
<ADAPT_RUN_X>
O otherwise repeat step 3 and 4

4. Confirmation of correct chat room name
[ Read full room name exactly as displayed
[CHAT_ROOM_NAME]
O Spell special characters/numbers explicitly

[CHAT_ROOM_NAME]

< <CHAT_ROOM_NAMEX

= Standard mission steps

= Predefined sequence — one action per message

= Voice — IM handoff covered when comms drop

= Emergency/deviation path

* Acknowledge circulation issue
* Acknowledge unavailable voice link

2 Circulatory criticality screen

* Unresponsive?

* Chest excursion?

* Visor micro-fogging?
* Recent collapse?

* MO: Life-threatening now?

0.130 MEDICAL EMERGENCY VIA IM - CIRCULATION‘

Page 1 of 2 Pages

— DIAGNOSTICS —

NO

3 Request EV Medical Symptom
cluster information

* Heart racing or pounding?

* Chest pressure or tightness?

* Short of breath at rest or with effort?

 Dizzy or nearly fainted?

* Symptoms started at rest or with
effort?

y

4 Request EV Medical Objective
surrogates

* Alert and awake?

v

13 GO TO Procedure: 0.200
EMERGENCY EVACUATION

* Continue with 0.200 EMERGENCY
EVACUATION

* Follow in parallel current 0.130 MEDICAL
EMERGENCY VIAIM - CIRCULATION

= Decision nodes — clear, short requests
= IM — voice handback when voice returns
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Two ways to talk medicine over chat
Mode A: Free-text vs. Mode B: Structured grammar

Write anything,
natural phrasing

Fast to start,
flexible

Under delay:
more
back-and-forth

Example:
“‘we’re behind the
boulder ... what next?”

Matrix Conference 2025 | Texting Through the Silence

Example:

“ACTION TO: evl
TASK: elevate chest
LOC: near boulder

NEED: confirm
breathing pattern

EOM”

Furmanek & Rabsahl
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Callouts & Tags

TYPE + TO = intent & recipient
(e.g., ACTION TO: ev1)

FIELDS (critical first) = TASK/
LOC / NEED ...
EOM = end-of-message marker

ACK with WILCO/ETA =
single read-back under latency



Tiny conventions that did the heavy lifting

EOM, roles, micro-acks, bounded size, priority cues

Ground typed as LUNACOM,; after the
one-way delay, messages were forwarded by
the User Team Lead account to the EVA
room.

E

Headers kept identities unambiguous during
forwarding
(e.g., ACTION TO: ev1, ACK TO: lunacom).

We marked handover moments (back to
voice) explicitly when coverage returned.
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A ADAPTRun3

A ADAPTRun1

EV_1

luna com for ev1
ev2 is laying on ground
what should i do.?

User Team Lead

EV2 from Lunacom:
Please try to do less workload and try to

find a shade place to relax alittle bit

EV1from Luncacom:

Please try to take over EV2 work
E1 from LuncaCOM

Please check breathign fom EV2

EV1
luna com for ev1
copy

luna com
evlis breathing

Unverschlusselte Nac
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A ADAPTRun2

User Team Lead

MEDICAL ev1

WILCO we will get evacuation team to
you as fast as possible

TASK please let us know if anything on
ev2 Symptomes are changing

EOM

EV1
ACK TO Luna com

TASK copy
EOM

User Team Lead

MEDICAL TO ev1

TASK please give us an update on ev2
status

EOM

senden...
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What helped — and what participants wanted

What worked What slowed the loop

Structured messages were easier to parse Typing burden, especially with
under one-way delay gloves/on-screen keyboards; strong desire for
(TYPE/TO + a few fields + EOM). softkeys/text blocks and larger touch targets.
Single, short exchanges (request — one Serial procedures under latency: medical
ACK/UPDATE) kept decisions moving. work wants parallel steps, but our

chat/procedures enforced a strict queue.

Clear headers supported forwarding
(e.g., ACTION TO: ev1; ACK TO: lunacom). Free-text reformulations added extra hops
when context wasn'’t explicit.
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What we’d try next

Concrete experiments to push Matrix/Element for clinical resilience

Edge homeserver per astronaut;
sync via opportunistic federation

DTN PoC (BPv7):

bridge bundles 2 Matrix rooms (lab)

Local-only rooms, eventual sync

when links return

Prioritised events (safety/medical
> info) under constrained links

Offlinel/local clients: robust cache

& retry windows
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Templates & softkeys + EVA-friendly
keyboard (eg.predictive snippets) to cut
keystrokes.

Role/priority/location tagging with simple
filters + one-tap ACK/WILCO/ETA/DONE
to close loops fast.

Voice—IM malfunction procedure: clear
trigger to switch when voice drops; scripted
recovery cues when voice returns.
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From moonwalk to hospital outages &
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Resilient, message-driven workflows with Matrix/Element

We used an extreme case to extract patterns that
transfer to Earth outages.

In line with (Matrix-based) TI-Messenger, but
broadened for outage & emergency operations.

What transfers: structured steps, one closed-loop
ACK per action, clear roles/priorities, templates,
and local/edge homeservers.

Why it matters for Matrix: these patterns improve
reliability under degraded links and clarify ops in
clinical settings.
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IM-CURE: when networks fails, care must not & |§/A\|UI
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Structured, asynchronous messaging for crises and outages EAU

N IM-CURE: Instant Messaging for Crisis &
Urgent Response in Emergencies

' . A PhD project to examines resilient clinical communication via IM
“‘ ; during IT outages and disasters. /\

Focus: continuity of clinical care during IT

outages, disasters, and other special situations.

Goal: keep treatment safely moving via resilient

instant messaging when “real-time” systems are

unavailable.
Outcome: patients stay cared for, even when

infrastructure doesn’t work.
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Friedrich-Alexander-Universitat

Kontakt

Wissenschaftlicher Mitarbeiter

Telefon:+49 9131 85-67780
Faxnummer: +49 9131 85-26/54
E-Mail: jan-lukas.furmanek@fau.de



mailto:jan-lukas.furmanek@fau.de

Thank you and see you soon at the
ESA-DLR LUNA facility in Cologne!

Do you want to know
the latest LUNA updates?

Visit the official website:

https://luna-analog-facility.de/en/

or simply scan the QR code

...and don’t forget to register
to the Newsletter!

#MoonOnEarth
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