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Accurate evaluation of deforestation

eUnmanned airship

Accurate evaluation of environmental damage due to fire & Fire early
warning

i Lon: -48.04441452° Blevagio: 625.00m

eSwarm drones
eHigh altitude drone

Water sample collecting & Improvement of Communication

eUnmanned Airship
eEkranoplane

Vias navegéveis

Continuous measurement of GHG concentrations from ground to 15
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Automating GHG data collection P

ATTO TOWER

https://pe squisa.inpa.gov.br/index.php/projetos-pesquisa/2016-07-28-14-46-53

DLR HALO Research Aircraft

https:/www.dIr.de/en/images/2019/4/research-aircraft-halo

Centro de Pesquisa e Inovacao de Gases de Efeito Estufa - RCG2|
Process 20/15230-5

GHG Workstream 1: Sources, sinks and processes controlling
process, monitoring and data integration
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Table 1: Low-cost drone specifications.

Drone frame Holybro X500 V2
Onboard computer Raspberry Pi 4B
Flight controller Pixhawk 6C
_— Flight controller firmware PX4
‘ v Battery Lipo 4S 6500 mAh
—_ 3 Wifi-modem 4G LTE
Total weight 2.4 kg
Flight time 8.0 min
C O, sensor Senseair K30 FR
NFgY C H, sensor Winsen MH-441D NDIR
4 Taﬁ%l;{ye by »  - Relative humidity and temperature sensor DHT22
— : Airspeed sensor MS4525D0
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Drone Architecture and Prototype

Table 2: GHG data low-cost sensors specifications.
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Sensor Measurement | Operating Measurement | Accuracy
Principle Range
SenseAir CO; (ppm) | NDIR 0 - 5000 | + 30 £ 3% of
K30 FR PPMyor reading
Winsen CH, (ppm) | NDIR 0 - 50000 | £ 100 ppm
MH-441D PPMyol
DHT22 Temp. (°C) | Polymer -40°C - 80°C ; | Temp.: + A
and Rel. | humidity 0 - 100% 0.5°C; Rel. Nitrogen €0, and CH, sensors
Hum. (%) capacitor Hum.: + 2% Cylirv1der inside plastic bag
MS5611 Atmospheric | Piezo- 10 - 1200 | £ 1.5 mbar
Pressure resistive mbar
pressure
sensor
MS4525DO0 | Pressure dif- | Air  speed | 0 - 1.0 psi, ~ | £ 0.05 psi
ferential and | (m/s) ~from | 100 m/s Figure 3: Trace gas sensors calibration.
Temp. Pressure
differential
and Temp.
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Figure 4: System architecture of the communication, data acquisition and transmission to Figure 5: System architecture diagram for data transmission, storage, and analysis to the
Digital Amazon data repository. Digital Amazon in the AWS cloud using 4G network.




The drone flight path must fit wpiswm
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Figure 6: Drone flight path to perform: (a) GHG data mapping. (b) GHG data profile
measurement along altitude. (c) Gas flux quantification across the vertical sampling plane.
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Figure 7: Experiments site at the University of Sao Paulo campus 2 in the city of Sao
Carlos, state of Sdo Paulo, Brazil (Longitude: -47.932853°, Latitude: -22.004291°).




GHG data mapping weﬂfs"&wé‘zf,
—”

09:08 10:20 11:29 14:07 15:14 16:26 17:23 18:09

120 | L g.
’E‘mol 'c. | 'g &
= 80 o~
= 60{ } S
T 40/ .
T 2 i ‘ % ‘l ¥,
ol .
S o D L DS O DS RS S LS L S L
A A A A A A A S P
120 ‘ <
gio | i S A R R
= 80 £ Colorbar (CO2 ppm)
%, 60 2 W=eossser |
g 40 L | : o S
20 : ‘ LA : [ ﬂ! : ‘ ‘\ +405.9120 to +406.4004
0 L [[-405.4236 to +405.9120]
PP PP P PP P PP P PP P PP P PP P P P P ancus v e
D\° +404.4468 to +404.9352
120 " " " . " . . ~ [T[+403.9584 to +404 2458]
— " [ 1] [1] n 1] n u : [l [-403 4700 to +403.9584]
3 100 n n n n n n n n €
= n (] n [1] n [} u [ =1 (2029817 to +403.4700
= 80 ] " s ) ] n H H T W[-02 25331 +202 9817
S 60 o n b n n y 4 R B -ozo0s5 10 -suz 553
:CE 40 I.I' “ II: 'I= : l'l " :: o Directions: To here - From here
20 n n [} 1} 1] 0 n ]
0 - - w - m
NP R P P P PO P RS P PSP PO P PSP P
120 & e o2
E 100 ‘-_ L] ‘a_ L] Y L] ) <
z ! A W A W S R (a)
£ 60 L 1 2
N N A T T T T T T
20 ' " ) ) " ) ) ] .\;L Figure 10: (a) Drone flight path to take GHG data measurements at a height of 50 meters.
P oo Goa Goao Goo Goa ooo aaa oo L) (b) Result of COy concentration along the flight path for gas concentration mapping
x10* x10% x10* x10% x10% x10* x10* x10*

experiment.

Figure 9: Results of average CO; concentration, temperature, relative humidity, and
atmospheric pressure profile along altitude, throughout the day on August 20th, 2024, at
the University of Sao Paulo campus 2 in the city of Sao Carlos, state of Sao Paulo, Brazil.




GHG data mapping

CO2 concentration (ppm)
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Figure 11: Result of two-dimensional linear interpolations of UAV measurements along
flight path at a height of 50 meters. (a) CO3 concentration mapping. (b) Temperature
mapping. (c) Relative humidity mapping. (d) Atmospheric pressure mapping.
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Gas Source Localization Using UAV

* Particle filter algorithm to estimate source of gas emission

Step O - Particles distribution
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* One-note Samba ("Samba de uma nota so")

i.MX 95 Verdin EVK:
Enabling a Variety of Customer Use Cases

Example Automotive Use-Case: 2 Displays, 4 Cameras

i Riverdi -o—

Toradex Capacitive Toradex DSI

xo Touch Display 10.1” DSI Display Adapter

Toradex Capacitive
Touch Display 10.1” LVDS

Toradex - .~

Swiss. Embedded. Computing.

https://www.toradex.com/pt-br/webinars/deep-dive-into-the-imx95-apps-processor-npu-and-vision-pipeline




Quantized Model "Magic"

e Reduces model size: lower-precision data.

e Reduced Memory Bandwidth: move less data

e Can impact model accuracy slightly.

e Not just an shift and scale transformation.

e Quantization reduces the precision of the data
representation

e Many-to-one: multiple float32 values map to

the same int8 value (lossy, non invertibility).
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Sign  Exponent Significand / Mantissa

(1 bit) (8 bits) (23 bits)
F:XFA0I00000000I00000600000000000000000
-3.4¢°8 0 3.4¢%8
) 3.1415927410125732

min = ' @ Imax
A e
minl e Imax
127 09 497

(signed) INT8 (0) (elo[a(olol0

(1 bit) (7 bits)

real_value = (int8_value - zero_point) x scale

https://newsletter.maartengrootendorst.com/p/a-visual-guide-to-quantization
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Host PC Embedded
Device
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Interpreter Allocate Tensor ‘ ; Output .
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- —— [—— - Neutron computation core
Deegate 1 DT = - Neutron controller (RISC-V core)
‘ - DMA like memory controller
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https://www.nxp.com/design/design-center/training/ TIP-DEEP-DIVE-INTO-IMX-95-NPU-AND-VISION-PIPELINE  Swiss. Embedded. Computing.
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* UAV-based platforms enable flexible, high-resolution data
collection for GHG monitoring, filling critical gaps left by satellite

0]

A
C

pservations.
-driven data processing allows for accurate 3D environmental

naracterization, enhancing decision-making and climate

modeling.

* The integration of autonomous flight and onboard sensing
represents a scalable and cost-effective alternative for
environmental monitoring.
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Thank you!

Prof. Glauco Caurin
gcaurin@sc.usp.br

| | Kjrl | Universidade deSén Paulo
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