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The problem

“Firefigher's Raw POV - hitps:fwwawyoutube. comwatch Av=mphHFkS =0
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Indoor mission threats

- Victims hidden
- Obstacles
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- Evolving fire
conditions

- Toxic gases
- Flammables
- Lethal volatiles
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- Unreliable raw-data
transmission
- Limited remote
decision support




What exists today — and what is missing

Commercial wearables
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- No onboard multimodal scene
understanding, limited compute

.

“fxon Body 4 - hitpsw on-bod,
*Motorola VE400 - hitps:wwwmotorolasolutions.com/en
*Qwalke C-THRU - hitps://wwvegwake tech/

Raspberry Fi 5 - hitps://www.pi-shop.ch/raspberry-pi-5-starter-kit-pi-5-4gb
*0range Fi - httpe//'wwwi.orangepi.ors/

£ Jetson Orin - hitps:/wwawe rvidia.com/en-us/autonomous-machines/embedded-systems/jetson-orin/
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edgeGuard - Hardware Architecture
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VGA 60FPS CMOS

BMEG688

Mems ——
512Mb RAM Hum, Gas_
512Mb Flash

» Omnidirectional
_PDM Microphone

6 DoF IMU \

) NoRDIC
' StMicoNDULTOR

Gas sensing
CO and CH4
Top View
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GAP9, multicore AI-MCU

9-core RISC-V cluster @ 370MHz, NE16 NN
accelerator, 1.5MB L2 + Octal-SPI Flash & PSRAM

nRF5340, dual-core MCU

Dual Cortex-M33, BLE 5.4; samples sensors, forwards
fused packets

Multimodal sensing array

HMO0360 VGA camera (MIPI CSi-2), PDM mic, 6-DoF
IMU, BME688 + dedicated CO / CH, channels

nPM1300 PMIC

Battery charging + system rails from one 600 mAh Li-
ion cell
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edgeGuard at a glance

Vision Detection
gpus=E®

Two perception branches, both fully on-device:

Vision Environmental
=
L O Lightweight YOLO for fire/smoke/person o SVM hazard classification of gases &

. J
detection on GAP9 microcontroller flammables on nRF5340
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Vision branch — data curation process

Data Collection

Collected x3 open
source datasets for

realistic fire scenes on |

Roboflow

50,762
images

e,
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Conversion

* Unified format (RGB
normalization, JPEG
conversion)
* Class remapping
* Tiny bounding box
removal

. A

Deduplication

Global perceptual
hash deduplication
(64-bit pHash,
Hamming <= 4)

Augmentation

Augmentation for
additional samples
(flip, brightness, HSV
jitter, Gaussian blur)

Final dataset
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TinyissimoYOLO architecture trade-offs

+ PTQ - 8-bit ready model (@l Designed for embedded

TinyissimoYOLO real-time detection

v Ultra-compact: only a few
8-b offers better trad hundred kB
18 i 8 a2 a2 [ e-Off for embEdd de '
Aal.U é:j?ﬁ?:%]tmr HeLI.I:‘ §ng EE% :Lawr Hou%% E[EE;WB' p Oym e n t
e "eae Moan 7 Trct
r r —
v8-b Compact option Accuracy option
£3 D ™ ' e T
mAP50 precision mAP50 precision
0.787 0.828 ) 0.808 0.858
7 NG 9 y 9 7
- Y N i B @ )
parameters FPS parameters FPS
0.824M 29.96 1.441M 25.56
\ . . > Y L = B &
*Maosmann, J., Gierdano, M., Vogt, C".& Magno, M. (2023), Tinyissimoyolo: A guantized, low-memory footprint, timyml object detection network for low power microcontrollers, arXiv preprint arXiv: 230400001, b
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Per class detection accuracy

Per-class mAP@50 on V3, v8-b

1_ ................................................................................................
0.91 ;
Q.50 Fire and smoke are the strongest
0.79 classes
L R R
0.63
0.5 e e Person detection is a bottleneck
IWLEE  TITTCCr  [USPRREIR  RR—— -
Overall detection performance of
0- : 0.79 across all classes
Fire Smoke Person Overall
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Vision branch - Deployment on GAP9

Offline deploym Deployment Results

Camera. 9% Memory. 2%

FP32-train

Idle. 1% P9

pytorch +
ONN

L

On-device runfin

29 .96 FPS 50.39 mW C / binaries |

inference time vision branch -}

er consumpti
on GAP9

— 88.1% of vision branch

e

Input] power is GAP9 compute rocess
HMO03 GAP9. 88% S
BBoxes
| raw Bayer uster)

L M Region 1
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Environmental branch - methodology and classification

Sensors Humidity

Classes Alcohol Penetrating oil Cooking oil
[ Key idea: classify hazards from patterns across multiple sensor channels ]
Baseline Window 15-D features Linear SVM
Mean over last 120s | 30s stable windows Per channel: StandardScaler
before exposure maintained over time - max deviation soft-margin linear
- min deviation SVM
- end-to-start change 5-fold stratified CV
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Environmental results - hazard classification
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Predicted

SVM confusion matrix
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Environmental branch - Deployment on nRF5340

A ] Deployment Results
Host-side classi

) BME688 NRF-SVM NRF-BLE )
Trained L 1 are
. -> table of
standardised 0.69 164.76
ms mW env branch g
bwer consumptic
on nRF5340
On-device runt — 97.8% of env branch power
: — is CO + CH* sensing
ensi ..
& g fication
chan SVM
> hazard class
kC'CII CH4, gas, V M Region 1
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Real-time, end-to-end operation

Output

Env. class + GAP9 class

v

BBox and accu. + status

Power Split

Environm

ent, 164.8
mW

nRF5340 packet

> BLE / USB

Vision,
50.4 mW
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10.3 h

estimated lifetime from
600 mAh battery

2 Hz

environmental sampling
rate

215 mW

total power

10 Hz

visual pipeline
operating rate
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Takeaways & Next steps

4x 2.5cm

mohntable PR Field validation Class Balance
= Move to realistic live-fire Improve dataset balance
Jxe Dual-sen5|ng validation on target for person detection,
Ay ol .. ) vare especially in fire scenes
Sl B o Vision branch - 29.96 conditions
B g FPS, 0.787 mAP50
= 7 ] Environment branch - X )
0.69 ms, 91.6%
daCcuracy
Process more Enable cross-modal
9. LIMTVY modalities fusion
total power
Extract vitals using current Fuse both vision and
N sensors (mic) and add environmental modalities
more vision modalities for smarter alerts
>10 h (depth, thermal, etc)
battery lifetime
. > e o ".,
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PhD Student at ETH Post Doctoral Researcher

2l e Thank you for your
attention and stay tuned
for updates!
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