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WHO WE ARE

A RESEARCH PROJECT ABOUT
• Providing a safe and reliable framework for 

flight support and control systems in case 
of unmanned flight (fixed wing and rotary
wing)

• Collection and assimilation of in-flight
weather data

• Data validation between UAV-bourne
sensors and sounding with tethered
meteorological balloon

• Utilization of state-of-the-art technology
e.g. cloud computing, software container
technology, edge computing, IoT



PREVIOUSLY…

BONN HUNGARY BXAP15
Project TÁMOP-4.2.1.B-11/2/KMR-2011-0001 „Critical Infrastructure Protection Researches”
• Vaisala radiosonde (air pressure, temperature and relative humidity measurement)
• Vaisala temperature and relative humidity sensors (slow, 1 Hz data stream)
• Proprietary air pressure, temperature and humidity sensor unit (fast 10 Hz data stream)
• Five-hole Pitot-tube system (turbulence characteristics during flight, fast 10 Hz data stream)

photograph by Zénó András Gyöngyösi, 2012.



METEOROLOGICAL SMALL UAS AROUND
THE WORLD

Category UA GTOW (kg) Payload 
(kg)

Wingspan 
(m)

Endurance 
(min)

Cruise speed 
(m/s)

Max. sampling 
alt. (m)

I Cruiser 35.0 6–10 3.8 360 33 5000
UMARS 2 30.0 10.0 5.0 240 22 5000

Manta 27.7 6.8 2.7 300 [23, 33] 5300
ScanEagle 22.0 5.6 3.11 660 [28, 31] 4900
Aerosonde 15.0 5.0 2.9 2400 [20, 32] 6000

RPMSS 13.0 ~4.0 3.0 [240, 480] ~25 5000
BXAP15 17.0 3.0 3.7 100 [19, 31] 4000

II Tempest 3.2 2.2 6.8 90 25 1000
M2AV 5.6 1.5 2.0 45 22 2500

CU NexSTAR 5.0 2.0 1.7 40 20 1000
MASC 4.0 1.0 2.1 90 22 ~2500

Aerolemma-3 ~3.6 1.2 1.2 15 17 2000
SMARTSonde 3.5 ~1.0 1.7 25 [15, 20] >300
Powersonde ~3.3 1.0 ~1 ~60 13 3000

Kali 3.0 <0.6 2.1 ~15 ~20 4000
III DataHawk 0.7 0.2 0.9 60 13 3000

SUMO 0.58 0.14 0.8 30 15 3500

Update of Table 1 in:
Elston, J.S.: Overview of Small Fixed-Wing Unmanned Aircraft for Meteorological Sampling. Journal of 
Atmospheric and Oceanic Technology 32(1):97-115, January 2015. DOI: 10.1175/JTECH-D-13-00236.1

10-30 kg

1-10 kg

<1 kg



METEOROLOGICAL SENSOR PLACEMENT
ON SMALL UAV AROUND THE WORLD (1)

UA Sensor placement Wind Humidity Temperature Pressure Other

Cruiser inside fuselage GP/IMU/dynamic 
pressure Varies Varies Varies

meteo + 
radiation, 
aerosol, 

athmosphere
dynamics

UMARS 2 modular bay + 
boom Five-hole hemisphere Thermocouple

Meteolabor AG 
‘‘Snow White’’ 

dewpoint 
hygrometer

Measured around five-
hole hemisphere

hygrometer, 
IMU

Manta inside and around 
fuselage Nine-hole probe Vaisala HMP45C Vaisala HMP45C All sensors barometric 

sensor

fast response 
turbulence, 
hygrometer, 

temperature | 
short- and 
longwave 

radiometer

ScanEagle inside and under
fuselage Nine-hole probe Vaisala HMP45C Vaisala HMP45C All sensors barometric 

sensor

(fast response
turbulence, 
hygrometer, 

temperature | 
short- and 
longwave

radiometer) + 
visible and 

infrared
imagery, laser

altimetry

Aerosonde
varies (boom, 

above or under
fuselage)

Proprietary algorithm Vaisala RS90 Vaisala RS90 Vaisala RS90

RPMSS [no information] GPS/INS Humidity sensitive
capacitor Thermal resistor MEMS



METEOROLOGICAL SENSOR PLACEMENT
ON SMALL UAV AROUND THE WORLD (2)

UA Sensor placement Wind Humidity Temperature Pressure Other

BXAP15 (previously)
temporary mounting 

points in and on 
fuselage and wing

Five-hole Pitot-tube
Vaisala HMP45 + 

proprietary
Vaisala HMP45 + 

proprietary
Proprietary

Vaisala
radiosonde

BXAP15
[See later in this
presentation…]

Proprietary (future) Sparvio SKS2
Sparvio SKS2 (fast 

response)
Sparvio SKH1

Sparvio SKS4 
(O3), SKS6 (CO2), 
SKH1 (GPS), SKS2 
(fast temp. and 

humi.), Peviktera
TRB82B OGN 

tracker

Tempest under the wing Aeroprobe five-hole probe Vaisala RS92 Vaisala RS92
Proprietary autopilot 

sensor

M2AV on nose Five-hole probe Vaisala HMP50
Vaisala HMP50 and 

thermocouple
Sensortechnics 
144SC0811Baro

CU NexSTAR in each wingtip Proprietary algorithm 2× Vaisala RS92 2× Vaisala RS92
Proprietary autopilot 

sensor

MASC on nose Five-hole probe
Custom (Wildmann et 

al. 2013)

Thin wire and 
thermocouple 

(Wildmann et al. 2013)

Sensortechnics 
144SC0811Baro

Aerolemma-3
shrouded boom 

upstream of 
propeller

None CSI HMP50 CSI HMP50 CSI CS100

SMARTSonde inside fuselage GPS/infrared Sensiron SHT75
Sensiron SHT75/VTI 

SCP1000
VTI SCP1000

Aeroqual SM50 
sensor, GPS

Powersonde
inside fuselage 

(varies)
None NSSL Radiosonde NSSL Radiosonde NSSL Radiosonde

Kali above fuselage None Honeywell HIH-3605-B
National Semiconductor 

LM50 C
Motorola MPX 2100

DataHawk
inside and above 

fuselage
GPS/infrared

Honeywell capacitive 
polymer

TI ADS1118 MS5611–01BA03
100-Hz cold-wire 

probe, GPS
SUMO boom above nose GPS/IMU Sensiron SHT75 Sensiron SHT75 / PT1000 VTI SCP1000 IMU



SPARVIO SENSOR SYSTEM

SKS2 SKS4 SKS6
Measured 
Quantities Fast-response Temperature and Humidity Ozone Carbon Dioxide

Measurement 
Principle

Temperature: NTC small ceramic bead,
Humidity: Capacitive sensor

Non-dispersive infrared 
(NDIR)

Measurement Range Temperature: -55 – +50ºC,
Humidity: 0 – 100 %RH 0 – 150 ppb (parts per billion) 0 5000 ppm

Accuracy
Temperature: 0.3ºC (estimated),

Humidity: 2 %RH (estimated),
Typical values at reference conditions

< 5 ppb (under conditions stated in 
calibration certificate) ±30 ppm ±3% of reading

Resolution Temperature: 0.01 ºC,
Relative Humidity: 0.05%RH 12 bit (0.0366 ppb) 1 ppm (to be confirmed)

Response Time 0.25 seconds at +20 ºC,
0.8 seconds at 0 ºC, 3 seconds at -20 ºC 60 seconds

2 seconds @ 0,5 l/min 
airflow,

20 seconds with only 
diffusion

Sampling frequency 10 Hz 1 per 70 seconds 2 Hz

Power supply 3.3 – 15 VDC 11 – 15 VDC 4.5 – 14 VDC,
5 – 9 VDC preferred

Power consumption Ca 15 mA 1 – 3 W 73 mA average,
< 600 mA peak

Size

Circuit board:
21 x 57 mm,

Radiation shield:
60 mm long

60 mm x 75 mm 51 x 57 x 14 mm
(L x W x appr. H)

Weight 5 – 6 gram without cable 65 gram Ca 19 gram

Other Two holes with diameter 2.5 mm,
14 mm center-to-center distance

Operating Temperature 0ºC – 40ºC
(-20ºC – 50ºC if enclosed),

Operating Humidity 10% to 95% RH
(non-condensating)

Disclaimer from Sparvio: Preliminary data. The integration and final specifications will be completed when required.



SPARVIO SENSOR SYSTEM

SKS4

SKS6SKS2

GPS

battery

radio TX

SKH1 logger
hub

(in the middle)

photograph by Dávid Ferenc Vránics, 2019.



BXAP15 (WITHOUT BATTERY AND PROP) VS
SPARVIO SETS IN BACKGROUND

photograph by Dávid Ferenc Vránics, 2019.



’CLASSIC’ PLACEMENT OPTIONS

• Inside the fuselage
• Bad ventillation
• Safe

• In an external pod
• Ventillated
• Causes drag
• May break during landing

• On a boom
• Ventillated
• May break during landing
• Long wireing



OUR PLACEMENT CHOICE: DUCT

graphics by Miklós Balogh, 
2019.



SOLID 3D GEOMETRY OF THE UAV IN THE 
FLOW SIMULATION DOMAIN

graphics by Miklós Balogh, 2019.



INLET AND OUTLET DIMENSIONS

data by Miklós Balogh, 2019.

Inlet parameters

dY (width) 100mm

dZ (height) 20mm

Perpendicular cross section area 2000mm2

Outlet parameters

dY (width) 25mm

dZ (height) 77mm

Cross section area 2×1925mm2



BOUNDARY CONDITIONS

data by Miklós Balogh, 2019.

Boundary Relative 
pressure [Pa]

Velocity 
[m/s]

k [m2/s2] ω [1/s2] Eddy 
viscosity [m2/s]

Inlet Zero 
gradient

22
(uniform)

1.5e-2 
(uniform)

136 
(uniform) Calculated

Outlet 0
(uniform)

Zero 
gradient

Zero 
gradient

Zero 
gradient Calculated

Symmetry 
plane Symmetry Symmetry Symmetry Symmetry Symmetry

Airframe Zero 
gradient

0 
(No-slip) WF WF WF

Hub Zero 
gradient

0 
(No-slip) WF WF WF

Duct Zero 
gradient

0 
(No-slip) WF WF WF

Lateral 
sides Slip wall Slip wall Slip wall Slip wall Slip wall



UNSTRUCTURED POLIHEDRAL MESHES
AND REFINEMENT AROUND THE INLET

graphics by Miklós Balogh, 2019.



VELOCITY DISTRIBUTION AROUND THE 
UAV AT THE SYMMETRY PLANE

graphics by Miklós Balogh, 
2019.



PRESSURE DISTRIBUTION AROUND THE 
UAV AT THE SYMMETRY PLANE

graphics by Miklós Balogh, 
2019.



STREAMLINES AROUND THE UAV AT THE 
SYMMETRY PLANE

graphics by Miklós Balogh, 
2019.



OZONE AND CO2

graphics by Miklós Balogh, photograph from Sparvio manual, 2019.



FAST TEMPERATURE AND HUMIDITY

graphics by Miklós Balogh, photograph from Sparvio manual, 2019.



PLACEMENT INSIDE THE DUCT

graphics by Miklós Balogh, 2019.



PRACTICAL CAD DESIGN

graphics by Miklós Balogh, 2019.



3D PRINTING AND ASSEMBLY

photographs by Dávid Ferenc Vránics, 2019.

Material: 
PLA

Soldering
station set
to 180°C, 
flat head



PLACEMENT INSIDE THE UAV

photographs by Dávid Ferenc Vránics, 2019.



UP NEXT…

• Fix the duct inside the UAV
• Cut the inlet and outlet holes in the

fuselage
• Install sensors
• Taxi/rolling tests
• Traffic pattern
• Complex routes



FUNDING

This work was supported by the European Regional Development Fund (GINOP 
2.3.2-15-2016-00007, “Increasing and integrating the interdisciplinary scientific 
potential relating to aviation safety into the international research network at the 
National University of Public Service - VOLARE”). The project was realised through 
the assistance of the European Union and co-financed by the European Regional 
Development Fund.
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THANK YOU!
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