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SUMO (Small Unmanned Meteorological Observer)

© Martin Muller

vehicle type fixed wing UAS
DIMENSIONS

wingspan 0.80 m

length 0.75m

height 023m

propeller diameter 227 mm (97°x67)
take-off weight 600 g
PROPULSION

motor electric brushless

motor type
motor power
battery type

battery capacity

SPEED AND ENDURANCE

minimum speed
maximum speed
cruise speed
horizontal range
vertical range

flight duration

AXI2212/26

120 W

lithium-polymer (3 cells)
24AW111V

8 m/s
42 m/s
15 m/s
<10 km
>4km

< 40 min




SUMO measurement system
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Parameter Sensor Range Accuracy Acquisition
frequency
Temperature Sensirion SHT75 —40°Cto 124°C +0.3°C 2Hz
Humidity Sensirion SHT75 0% to 100 % +2% 2Hz
Temperature PT1000 Heraeus M222 —-32°Ct0 96°C +0.2°C 8.5Hz
Pressure MS 5611 300 hPa to 1200 hPa 4Hz
Surface temperature ~ MLX90614 8.5Hz
3D flow vector 5-hole probe, Aeroprobe  11ms~' to 35ms™! +0.1ms 100Hz
Temperature Fine-wire 20Hz

© Martin Miller
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Airplane coordinate system

Y Attitude angles (rel. to met.
coord.)
w8, « y = true heading (yaw)
| * 0 = pitch
::; :n;E::.P:t::rm (Meteorological) @ (I) = rol|

Airstream angles (rel. to
airc. coord.)
o

e * a = attack

AW A« B =sidesli
,(k/ Ta x-y Plane o x,_y el p
A\ Airstream magnitude

« U, = air speed

& DIRECTION OF AIRSTREAM

(Lenschow, 1989)
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Wind vector coordinate transformation

Transformation of wind
measurements into
meteorological coordinates
requires knowledge of:

- air speed vector (U, a, 3) from
5-hole probe

« ground speed vector (u
w,) from GPS

« pitch and roll (6, ¢) from IMU

* Heading (), not measured by
SUMO

p’ Vp’

Lenschow (1989;
approximated equations):

u=-U,smy+p)+u,
v==U,cos(y+p)+v,
w=-U,sm@-a)+w,

assuming:
« small separation probe—IMU

» horizontal flight (small angles
of attack and sideslip)
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Heading angle measurement systems and
implementation in SUMO

Gyroscope (gimbal): too large, heavy
Gyroscope (electronic, integrated in IMU): drift problem
Magnetic sensor: el. currents, inclination at high latitudes

DGPS (two antennas in wing tips): small separation but
may be worth testing

Horizontal looking camera: good visibility and clear
landmarks, complicated algorithm

Downward looking camera/laser scanner (like an optical
computer mouse): algorithm, unclear dimensions

Currently no reliable measurements in SUMO ‘
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Indirect heading estimation methods

Assuming:

constant airspeed
straight, horizontal legs
constant altitude

stationarity and
homogeneity

no rudder actions

Relative heading angles
(with reference to leg
direction) for two legs in
opposite directions differ
only in their sign
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Indirect heading estimation methods (continued)

Set of equations from two
consecutive flight legs:

| | R
w @' )=u,®',) :
VI(Z/J'I)ZVZ(Z/J'Z)
" — oy ,‘
?/jl ?/j2 ’ <2 ﬁég
This can be solved for u and v u
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Indirect heading estimation methods (continued)

In reality (due to turbulence)
the system rather looks like
this:

ﬁla(l/—J'1) = ﬁ;(q—}'z)
vi(y') = vi(y',)

This can be solved by
minimizing the root mean
square differences of the
two velocity components for
consecutive flight legs

— ¢
4' U
1
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Indirect heading estimation methods (continued)
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Data from four campaigns

« Adventfjorden, Svalbard (Nov 2014): Turbulence over
open water during polar night/winter (13 flights; unstable/
weakly stable)

« ECN, Wieringerwerf, Netherlands (Mai 2014): Wake
turbulence induced by wind turbines (5 flights; neutral;
strong cross wind component)

* Adventdalen, Svalbard (Mar 2014): Turbulence over
snow covered valley during polar night/winter (24 flights;
stable/very stable)

« BLLAST, France (Summer 2011): Boundary Layer
evening transition (47 flights; presented by Line
Baserud)




u, v, w[m 8_1]

Results

SUMO flight (2014-11-14 18:40)
alt: 35m- 55m

15.5 15.51 15.52 15.53 15.57

Longitude

15.54 15.55 15.56

rotation into earth coordinates

T T T

u
gy sy " afih v
i Lt d B wl|

[}
T

900 1500

1200
time [s1

HJ(Wm~]

T [Nm~7

Geophysical Institute

Turbulent fluxes
SUMO flight: 2014-11-14 18:40 (leg: 1-6)
alt: 43.2m=12m

instantaneous flux (max method)
instantaneous flux (min method)
leg averaged flux (max method)
leg averaged flux (min method)

— — — flight averaged flux (max method)

— — — flight averaged flux (min method)
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u, v, w[m 3'1]

15

10

-5

100

Results

52.838

52.837

52.836

52.835

52.834

52.833

Latitude

52.832

52.831

52.829

52.828

5.08 5.082

rotation into earth coordinates

5.084

SUMO flight (2014-05-10 14:07)
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Turbulent fluxes
74 SUMO flight: 2014-05-10 14:07 (leg: 1-10)
alt: 70.3m=6.7m
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Remaining challenges:

Eliminate second solution (side wind component from
opposite side)

Fine tune method
Error estimation

Find stationarity and homogeneity measures and
thresholds from flight parameters

Impact of leg length on turbulence statistics (minimizing
random and systematic sampling errors)

Tune autopilot: constant airspeed, altitude and direction
during flight leg

Aerodynamic effects on true airspeed
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