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cd d:\ProjectsprjCAN_TbXsrcCanThx v16

CANTBX InstallToolbox

CANTBX _InitTxb

addpath d:\ProjectsprjSmallSatPlatform{05_SSP_|O
cd d:\ProjectsprjSmallSatPlatform05_SSP_ 1D

addpath
d:\ProjectaGrantGR_2011 13 TACR_Sa¥stsledkyVv008 SondaSond
a\ProbelO

SSP_OpenT(P, 5)
PIO OpenTCH,15



L4 7 Pal ~ Py

“ %PEOOOEA AAOI |1 OOT p UDIijOT A I

[IRetValfPressfTemp] =SSP_Read P#@D)

P1O_Maintenance_AskStaticPressur®
[IRetValfPressure_ mBaoData] = PIO_PressureStatic_Géfl)
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cd
d:\ProjectsprjSmallSatPlatformil0_ Task®la Intro and Pressur
e\00_Matlab\

SSP_TO01 Pressurdwo positions

SSP_TO02 3DboxPmpilustrate movementswith two boxes
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(Scale factor)

Bias

Hysteresis
Temperature effects
Resolution

Dead band

Cross axis effects

Measured data

Best line fit
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* Povrch Model of the Earth
* WGS84
* Geoid?

h=H+N

Topo surface (earth surface or GPS antenna)

/ Elipsod/

Geoid (MSL)

h=elipsoid height
H=orthometric height
N=geoid height




Povrch -SRTM

NASA JPL, NGA

* RaketoplnU TEndeavour(2000)
33 AT




* Mapy

* Hry

*3EI O AAA
* Navigace

* Video

*41 DI COAZEEAET DI

i BT Ol A
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MV

* Earth is not a sphere
* It is described as rotational ellipsoid
* International Ellipsoid

6378 160 m

6356 774,5161 m

21385,483 9 m

0,003352 923711

0,00669460532856

0. 2~ 02 A
axX o0 l/a
& O e %
x=R(j ) s/ Y-
_ . e’=(a’- b")/a’=
y _ R(/ ) @] ./ e’2=(az-b2)/b2=

0,00673972512832

al —

0,08182056788

R(/)

6399617,4290 m

JpPeog; @ siB; - [

obvod rovniku=

40075161,1992 m




http://icgem.gfz-potsdam.de/ICGEM/



* Formed in 1980 and used in WGS84 model
* After some errors were found in the previousnodels

)

QWK WO G @ g
Gravity anomaly
3 ' Al C
3 ' Al C

Diff. from the top of M
Oi OAA 1AO

T >
M —\
Gravty, Gals

g
[wE)
(=)

2
P 8

Mount Everest

Al

E

14

984

983
982

981

979

8978
]

I T H T R T RN H U R
10 20 30 40 &0 B0 70 80 an

Latitude, Degrees



* Gravity dependence on altitude E§

*E EAECEO AAI OA &
* g, gravitational acceleration
on the surface

* rgradius of the Earth

* Local topography dependence
* Anomaliesz mountains, under sea
* Density of the material -

15



* Mass accelerometers
* m = proof mass,

moving in specified direction

O dwl 0w "da

EEEE

29 g 0 g o2
licicusaligpasanl

Sensitivity axis

16

I

l

Sensitivity
Axis




Input interpretation:

\

A

gravitational acceleration Czech Republic

Gravitational field strength for Czech Republic:

total field

angular deviation from local
vertical

down component

west component

south component

Show non-metric units

0.81254 m/s? (meters per second
squared)

Hide mesh

0.00331"° (degrees)

0.81249 m/s? (meters per second
squared)

e
~4 m/s2 | EEREEAL..
4.3 x 107" m/s* (meters per NENERREE
second squared) ‘EE_FI_I_F'

Satsllita image »

0.03252 mfﬁ2 (meters per second
squared)
17

ibaszed on EGM2008 12th order model; 488 meters above sea level)



Accelerometers

TYPICAL SYSTEM SPECIFICATIONS

Parameter Performance
Range
Continuous g 0 +60
Intermittent g 0 +100
Scale Factor
Absolute mA/g 1.20 £15%
Thermal Model ppm 100
Stability 1 Year ppm 100
Bias
Absolute mg 0 +100
Thermal Model ng 85*
Stability 1 Year ug 100
Misalignment
Absolute mrad 0 +£20
Thermal Model pr 35
Stability 1 Year ur 50
Temperature Sensor HAPC 1.0
Threshold ug <1
Linearity nglg’ 0 £5
Cross Coupling nglg’ 0 £5
Vibration Rectification uglgrms 0110
Vibration grms 10
Shock g 120
e s i Temperature °C -54 to +95
! Kearfott ' IncHEs 2 Power W 20
e — Kearfott ' iNches Weight gm 160

18



Drarer 1 TP |
File Edit View Insert Tools Desktop Window Help k]

NdEe s AATUDR L aj0Ean

2000 T

[
1500 :

1000

Acc (G) [mg]
=

* Kalibrace senzoru e
* y=a*x+b

) Figure 2 =lol x|
N

' File Edit View Insert Tools Desktop Window Help

Dode bR NPEL-B|0E 8D

1500 ~ -+ -oponoaoe
A
R et A S S S N
. . . N N T
Lo I - S S T :
SSP TO05 2 Acc Calibration = syt it
— — — — —_— H o [N P o H . ! 1
T R T O |
PARIR
I R
e E | :
000 oo g g beoonoe
ﬁ%
B 1101 N R AR R A A :
P | B
| R S
19 i _agog  -1000  -500 0 500 1000 1500 2000

Acc Y (G) [mg] Acc X (G) [mg]




7 Axes conventions
7 Position angles
7 ThetaQ, d, pitchzD T A i skibnLQ,q, «
7 PhiE, G, rollzD Gpie 0 EFIfT
7 PsiY,y, yaw, heading, azimutly kurz Y ,)/
7 Body framez connected to the airplane
7z Navigation framez what is the reference for this?




Task- Inclined plane

A Where is pitch, roll and yaw?
A Where are the body and navigation frames?

y
o] P N
. ) afy /,';f éz 0,
F =sign( f,)arcsing> VA
A . a
9 g 322’1,/’ / ¢1;," :’}ﬁ
éf t‘_\a .1;-" 7\." ¢¢f,""
Q = sign( f,)arcsing> e
g gl
G -

21



File Edit View Insert Tools Desktop Window Help

NoHdS WA ONDLE L 20EeO

gl AT SO IS S :gff,
| —t —ginﬁpm}

*61 EO UOUAEIT A g4~ &"“ me

Pi 1T TEI OLAE T iﬁﬂm, Wmmm

* VL D A A §réfu N 11| BT

= x AE O/SGx,AaﬁcszoL o ____ﬁﬁﬁﬁ_'_ﬁfﬁ_'_ﬁﬁﬁﬁﬁﬁﬁﬁﬁ_jﬁﬁjﬁﬁﬁﬁﬁﬁﬁﬁﬁ

* Co na toRolla Pitch : 3. . | “““ l.. “““““ i

ime [s]

* SSP_T05 3 Acc PositionAngles
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’ Deployment
ULF

Escape velocity -
* V1 = keep circular orbit

* V2 = leave the gravitational field of Earth
* V3 = leave our Solar system

Gravitationalstabilization with a boom
* Simple, reliable, no power demands
* Occupy space



Gravitational Field Measurement

GRACE experiment

* Gravity Recovery and Climate
Experiment

* Two satellites

* Flying in a formation

* The distance between them is measured by a microwave
radar and transferred to the second device

* While a satellite pass over a region with higher gravity its
speed increase (it is pulled forward) ;
Z e.9. The distance between satellites shortens g%

Credit:University of Texas
24




I Measurement of Earth rotation ve

‘\7VZ| =7,292115 @Frad s*

I We can use angular rate sensors in body frame where

~ el 0 O gc@ggy O - sing
W —\/Wi W Ch= 20 cosf sinf uLb g) 1 O
I We knowQandF => € -sinf cosfi sh g O cos

eWnX ﬂ cesq sin 8&in gcos sh &

:(C?,)' W u Z) cos f sin g;
@an H - §n g sin £os qgcos cbs

I Do we know where we are?

25 CZ.1.07/2.3.00/35.0029



Angular speed

* Vertical component of the
fW,= - eI

g, <0 North hemisphere
* m, =0 Equator
“w,>0 South hemisphere
* Course W,
w, = W d0s/ cdS W, o W, w,
~ 4 ) /, _..J tany = Z,fosl =2  y =arcta y‘
w, = W dos;/ siv) x Wi W]

* Any problem? W €0y

26



* Coriolis force

* QOscillating beam experiences #plane rotation
* Coriolis force causes perpendicular vibrations
F.= 2nq ©

* Devices: piezoelectric gyro, hemispherical resonator
gyro, MEMS gyro

27
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1 Drive vibration

evropsky

i *
socialni MINISTERSTVO SKOLSTVI,
fondv CR EVROPSKAUNIE ~ HMLADEZE A TELOVYOHOVY

INVESTICE DO ROZVOJE VZDELAVANI

Sensing arm

The drive arm oscillates constantly Direction of rotation
in Drive mode.

Drive arm |

Sensing arm
2

Vertical
vibration

Vertical
7 vibration

Wertical

_ . Drive arm Vertical
vibration )

vibration

| Sensing arm ¢, nsing Drive arm Source: epsontoyocom.co.jp
motion
Wcl;len “'::Ei gﬁr? is rotated, tlse I.Ti.*::lril:llif't 1I‘0rII:E Thnat istaltidn? part HJEHES due to
acts on the drive arms, producing vertica vertical drive’arm vibration,
vibration. producing a sensing motion CZ.1.07/2.3.00/35.0029

in the sensing arms.




.
SR I-”
* + Q
evropsky ot e E
socialni - MINISTERSTVO SKOLSTVI, O Vrdslévani
fondv CR EVROPSKAUNIE  HMLADEZE A TELOVYOHCVY  pro kenkurencsschomost

INVESTICE DO ROZVOJE VZDELAVANI

Dual Mass Gyroscope Ef

Proof Mass

Comb Fingers

Source: conocimientosrfmemsdesign.blogspot.com

29
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Dual Mass Gyroscope Video -

* Animation of transient simulation.

* For clarity, the fixed electrodes and the comb drives
are transparent and the thickness scaled by 2.

* The displacement in Z is also scaled by a factor of 1 000,000
to allow the movement of the gyroscor

30




Cisplacement Mag. {um)

0468609

0352207

0.234804

0.117402

[CovenToR)

31



MEMS Vibrating gyroscope

— *
- Excitation Input Rate *
Q' 9 C!uarlz .
/ & @ vibration  Driver
I Element Gscillatﬂr
s . g
L w -'JI: Coriolis th:e Heferem:e
AUppORE:== Fc 2m /%2
Stem (@
' Detection

Amplifier

32

Excitation circuit
Pick up circuit
Demodulator

Rotation
Rate DC
Voltage

' Output
[ [ SRR S -.. \ Demodulator
_________________________ Amp
i : F"H::Pcup

Source: findmems.com



Laser Gyroscope fundamentals
ight interference
~—

* Laser light is split to travel
opposite directions around a
circuit

* Rotation -> path length
differences

* Devices:

* ring laser gyro (RLG),
* fiber optic gyro (FOG)

33



Mirror

Ring Laser Gy

narrow tubes driied in It.

A Mirror at each corner=> triangular
resonator

A filled with a heliumneon
mixture at low pressure

A 1kWbetween cathode andtwo anodes
discharge =>
energy for regenerative
lasing action in the gas

A Two lasers
A a clockwise (CW) beam " Cathode
A A counter clockwise (CCW) beam

A at rest, the two beams have the same
frequency (wavelength of 633 nm)

34

Anode
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agnace manife

Interferometry. —~——

* an Interference pattern => strips

* Lockin => dithering .  CWPath>2mr

; EAVAVAVAY:

D

s 2nr
oI,

£ E ﬂ‘ AWAWAWA

ki VAR VAV

CCW Path < 2nr

36



.
*i * «* =,
* * .
evropsky Ly,
socialni MINISTEASTVO SKOLSTVI, or
wr fondv CR EVROPSKAUNIE ~ HMLADEZE A TELOVYOHOVY

INVESTICE DO ROZVOJE VZDELAVANI

The difference in path lengths causes a small differ equency
* Samples of both beams can be extracted by setransparent mirror
* frequency difference => proportional to the applied rotation rate

* Problem => very low rotation rates => mirrors are not perfect =>
backscatter => lock, or dead band => dither motevery small rotation
(about 1 arc/minute peak, at about 400Hz) to the entire block.

CZ.1.07/2.3.00/35.0029



*

*

*

LaseRefV
75000 USD

RLG sensor

>3

HoneywelllInnovators

TUABox | Rx 28 VDC UPS 12VDC/230VAC

P1

P2

P3

Converter
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Accelerometer Bias output temp. characteristics [25 G based]

Gyre sensor Bias Oulput Temp. characteristics [25'C based)
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Output SignhalParameters
—

* What is a good sensor for INS?

Rae (degisec)
o o

Time (sec)

41



Square Integration Kalman Filtering

2.5
200 X —
T 2
500 Z .
3 with T1 1.5
E 400 ¥ writh T1 h E .
@ Z with TI o
E 200 F — E
£ £ 03
] 0 =]
0
-200
-0.5
-400
L L -1 L L
a 20 40 G0 a 20 40 &0
Tume [5] Time [5]
Square Integration with Calibration « 10'3 Ealman Filtering with Fesets
2.5
£ 10
2 T
Z
1.5 ¥ with TI P
E . ¥ with TI E
E Z wrth T a
I % 0
= ]
ot
st -
-1 1 1 1 1
0 20 40 a0 a 20 40 &0

Time [5] Time [s]

* cd d\Projectsprj3D_MotionSensoy03_srcTest
* [oData, iIData, cDatg =testINS0,10,30,50,2
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Random Walk

* Bias stability
measurement

* Qutput signal
behavior




Output precision

AVAR (1) =

> (@), —31),)

2-(n—1)

04,
04
04
0.3
03 _
O3RN
D2
= 02
0 B 02
g
Boit § @
% § Q1 "g}
[ 2 &) Q1
[
o} & §
0 ¥ 4
0
01
Q1
01
02—
E—I:I
02
0

0 500 1000 4500 2000 2500 2000 3500 4000 4500 5000
44T:ma {sec)
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B
Square Root of Allan Variance

Allan Variance {deg/r)
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o
I

10
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e

10°

T (s&C)
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Accelerometer allan variance
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* RLGvs MEMS
3 : :
—— SDI
Body Roll Rate
25 —— SSM
R
& 2
2,
L 15
B
? 1
)
'§ 05
R -
-05
1 2 3 4 5
Time[g] x10

 [—LaseRefV|
| ~fiNemo |

10’ 10
[s]

0 A é R -®opelka J.-Levora, T.:Advanced Display and Position Angles Measurement
SystemsIn: ICAS 20128th Congress of the International Council of the Aeronautical
SciencesProceedings. Brisbane: |ICAle International Council of the Aeronautical

Science, 2012, p. P6RB613.14. ISBN 908565333-9.
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* Latitude : 50, Longitude : 15, Height : O

* ECERrom Latitude, Longitude, Height llipsoidal)
* X:3967.892 km
* Y :1063.193 km
* Z:.4862.789 km

* Problem: Earth approximation (where is the center?)
* Geiod
* Ellipse
* Real surface

http://www.oc.nps.edu/oc2902w/coord/llhxyz.htm



50

*8 xA OAO ,,( € ¥ Ph
* ECEF from Latitude, Longitude, Height
(ellipsoidal)
* X :6378.137 km

*Y:0 km
*Z:0 km

http://www.oc.nps.edu/oc2902w/coord/llhxyz.htm




* Magnet z generates mag. field

* Permanent Magnet _
Z alignment of magnetic domains

“ Electro Magnet _
Z current causing mag. field depends on number of turns

* Permeability
*t ¢ "T( B OEA EECEAO OAI OA OEA

* Dipole
* A magnet with two poles: Norgh and South S o
“$1T AO .1 OOE BPITA T &£ A | ACl AO (

Mag. Pol&??

51



* Almost a dipole : plus and minus, North and South
* Confusionz double North

* (Geographic North Pole (True North 7f-——- N

* Magnetic North Pole N Tulinakiow
* Almost dipole
* 11from rotation axis =

* Mag. Field (I

* Horizontal at equator, vertical at poles ~—r i\——/

* Used for navigation from 12 century — \

* Compasses

i

* N = North seeking |
* S = South seeking

52



Travelsof the Magnetic North

3.5 Years of
Short Term Solutions
o + -0.2

0.2

X
""" Arcsec

.l' L ]
. ]
L™ teea w py

http://geomag.usgs.gov/movies/
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True North
Magnetic
orth

Zenith

Description

True East

Fhe Magneiic
Flemenis

A

* F-Total Intensity
of the geomagnetic field

* H-Horizontal Intensity
of the geomagneticfield

* X-North Component of the geomagnetidield
* Y-East Component of the geomagnetitield

* Z-Vertical Component of the geomagnetit@eld
* | (DIP)- Geomagneticinclination

* D (DEC) Geomagnetic Declination (Magnetic Variation)
http://www.ngdc.noaa.gov/geomag/WMM/soft.shtml
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C16- 100T, 1T = 180G %ﬁ&;}&
* Earth .
* 25 000z 65 000nT N(\ Q |

(easy conversion to G) \\ \\M}fl |

* 0.370.6 G —

* 25 000nTon the equator, graph step 5 000T
* 65 000NnTon the pole
* Fridge magnet: 5mT

http://www.ngdc.noaa.gov/geomag/WMM/DoDWMM.shtml
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4 degree Geomagnetic Field
resolution Total
1 degree - —
resolution Horizontal Speaker Magnet
- —
Gauss 104 107 102 10 1 10 102 102 104
Tesla 108 107 106 105 104 103 102 10 1
MAG3110 MAG3110
Sensitivity Full-Scale
(0.1 uT) Range
(1000 uT)

56



Magnetometr
e

* >>SSP_T06_ StabMagField PD_RwPWM

Figures - Figure 1 -;lglzl
. Fle Edit View Insert Tools Debug Desktop Window Help A x
Node R RX@9 L2 0E]aO BEODE=0
00 PWM regulator of the platform position - sometimes stable - hard to tune
300

i
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i —

D == DDMD,
EZEisig

i
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* Vector magnetometers
* allows to determine direction of the field

* Fluxgate
* Resolution: 6nT(nanoTesla)

* Magneto-resistivez used for MEMS
* anisotropic magnetoresistance(AMR)
* Resolution: uT (mikro Tesla)

59



Fluxgate

* Excitation coll
* Alternate current
= mag. field
* Sensing coll
* Mag. induction

* With no ambient mag.
Field => no output

* Closed magnetic loop
Improves linearity

[ Ferromagnetic Core @ AC Current Source

Primary Coil

Secondary Coil Amp Meter




Permalloy

Magnetoresistive

Sensor

* Different shifts of energy levels of electrons @

|
under influence of mag. field e
* Changes resistivity under mag. field ¢

Y Y FY 0|
* Barber pole

* Bridge with +fcompor i r
* Flipping coils v, ‘ p generato

* Remove offsets ﬂ Amplifier Integrator
* Compensation colils : >_
* Zero shift Demodulator
depends on R

. : - 1 - v,
f Sensor c

61 T
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Magnetometer

readings

L AN

3500 7 Y axis (counts) 3500 7

X and Y Axis (counts)
o

$80 225 270 315 360
Z : Direction
& P, (degree)

-3500 - 5 3500 g
| X axis 1
1 (counts)
-3500 - 2500 4



S/C Magnetometer
e

* Placed outside of the spacecraft on a boom

* In-flight calibration:

* Spin stabilized S/ allows to determine 8 of 12
calibration parameters

* 3D stabilized S/@ problem,

* we know the field magnitude from models

63
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*

*

*

Magnetorquer (Rod) \

Spacecraft Stabilization

) 1 OAOAAO xEOE OEA %AOOEGO
* the higher the craft flies the weaker field
(e.g. suitable for low Earth Orbits).

T AE DPOT AT Al 11T A AgA Al ECIT AA
Switching current in a coll

Three perpendicular coilsno moving parts

Just electricity needed no propellant required

It influences the magnetometer

The bigger craft the more current and intensity needed

Slow changeg not suitable for precise attitude controly
allows dumping of reaction wheels

7z

X |



Magnetic Field Intensity Change

with altitude

« 107 Change of Earth's Magnetic Field Intensity with Altitude

5 T T T T :

_ '  [Lat 508 22" N
Bl e Lon: 14°27'25"E | ...
= tiodel: Yyhihd 2010
2 Diate: 11/4/2012
ARk T S i
(] .
— Intensity
=
E 4_,-_1_ .............................................................................
ak}
=
=3
E ,-12 o
L
=
B
% A b e
=
_m
-
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LLI

36 i I 1 1 1

0 100 200 300 400 500 BO0

Altitude [km]
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Low-cost: 1000 Pounds
* Mass 50g

* Magnetic moment:0.2Any
(Available systems up to 100 Adn

* The longer rod the higher momentum can be
achieved (other method is wire in mag. fieid

* Theyare useful only near perigee
Principle:

* Current (I) going through a wire
(thumb in the direction of I)

* It generates mag. induction (B)
(fingers shows direction of B)

http://www.cubesatshop.com

o http://www.clyde-space.com
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* SSP_T05 4 Mag_Calibration
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3D magnetometer
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Navigation Systems
—

* Inertial Navigation System
drift 500 m/h

Data Source
APrecise sensors

Outputs
Avyaw (Heading), Pitch, Roll
Al atitude and Longitude
Avelocity

I
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Navigation Systems
L S

: : D~ —a
* Attitude Heading and Reference System

*Drift +/-1 m

Data Source

ANot so precise sensordut
with a GPSeceiverand
other data sources

Outputs

Avaw (Heading), Pitch, Roll
estimations

AlLatitude and Longitude
Avelocity




Flat Earth Navigator
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400

Distance [m]
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K owith TI
¥ with TI
Eowith TI
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Square Integration with Calibration

Hwith TI
¥ with TI
Zwrith TI
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Time [5]
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Kalman Filtering

Time [s]

« 10'3 Ealman Filtering with Fesets

* cd d\Projectsprj3D_MotionSensoy03_srcTest
* [oData, iIData, cDatg =testINS0,10,30,50,2
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DS R RLTDEL-(2|0E D

Test

Mag Z [mGauss]|

* Datarotation
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Non Rotating Spherical Earth
———

* NED coordinate system is not enoughbut it is
still used

- ECEF latitude, longitude and altltude
=> pitch and roll transformatio -~ -
* => alt. the same

* Constant gravity => no more

* The mathematical model is
not precise as well
(Earths density, etc.)

* Causes altitude error




Non Rotating Spherical Earth
L S

* The main difference is the gravity feedback and spherical coordinates, but the
alignment is still in NED (it is not inertial frame)Shuler oscillations apply

* Example: car traveling near poles

GRAVITY
FE ROUTINE
T >E E ®.h
i, 7., CONVERSION e >
ROUTINE
—
Re

P X >

1 c

1
bl%

<

mZ




Rotating Spherical Earth
——

* Earth rotation Is considered

* We define inertial frame fixed to the distapt star
and center of the Earth GREENWICH

MERIDIAN

* Same as ECEF in t=0 AEPEREND

MERIDIAN

* gyros and accelerometers =>
measurement with
respect to the inertial frame

* When we fly the Earth move
=> example: balloon
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Sensor Mapping

Angular Velocity

* Direct connection

* Single sensor method
* Complementary filter
* Other filters

Complementary Filter E\ Kalman Filter
E\ || Low-Pass o

Filter _’(?\_> Angle \

High-Pass

Numeric [  Filter Physical Model »  Magic?

e : > Angular Velocity E/ /

78

== Angular Velocity




Other filters

LR 71 w?, Ly

Gyroscope 4.

Wy, Wy, Wy

» F matrix

-

I_”T

Gyro Bias
Wax, Way, Wez

—> Xy, Py

‘ H, R K matrix

Accerometer Il order LP ‘

A, A, A Butterworth Filter ‘ v
Gradient Descent '
ME“'IDd _x:_" xm-'l 1 Pﬂt—1 - H!P“’t-1
Magnetometer Il order LP 4
Xn Yn 2 Butterworth Filter 79




Vo =1

File Edit WView Insert Tools Desktop Window Help

NEde B[R RXRMBDEL-|2|0EaD

Turning on the engines and changing the heading

Error
Heading [Degrees]
500F Speed [RPM*100] |]
f\ NN Target
400} / (VY L |
e U \w/ e ]
* 1t < 300} i
SSP stabilizace 2
< Lol _
- m/’NﬁJ—uﬁ“ﬁL\—
[ by — r‘m\\__r‘w.ﬂ'_ /m\.vﬂ..hﬂ
* SSP_OpenT(B,3) ' o= ViRg T

* IRetVal= SSP_StarTrackerL: 0 10 2 0 0 50 60

* jRetVal=SSP_StarTrackerLgw, L,1)
* |RetVal=SSP_StarTrackerLED, 2,1 )
* |RetVal=SSP_StarTrackerLED, 3,0)
* preview(oCamera.vid

* controledomodelo
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* Senzory
“IEél p é1 AT U

“+Al EAOAAA OLOAUIT A Ul ADHOEA
* Mapy (SRTM)
* Modely (GRACE)
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Aktivity
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Trailing Probe
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Realizace

“$OA AAOI
senzory

* Dva objemy

Testy
“, AAT OAOT G
* Tunel
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