


Formation Flight Mission of two 2U-CubeSats
« Ground controlled Helix formation

« Autonomously controlled Helix, In-Track,

Along-Track and PCO

» 300 m closest approach

Technology Demonstration

* Deployable solar panels
« Star Tracker

 S-Band Downlink

Payload

» Camera system with four spectral channels

NanoFF CAD model

Berlin
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The NanoFF Tean (as of 19.10.2023)

Responsibilities

M.Sc. Jens Freymuth Project Manager

M.Sc. Sascha Kapitola Software, Mission Operations, Camera System
Dipl. -Ing. Frank Baumann Hardware, Electronics, Communication System
Dipl. -Ing. Hu Quan Vu Structure, Systems Engineering

M.Sc Felix Kubler Software, Communication System

M.Sc Jose Diez Software, Hardware, Electronics

M.Sc Fynn Boyer Software, AOCS, Mission Operations

PhD Ben Palmer Software, AOCS, Start Tracker System

B.Sc Alan Legenza Software

M.Sc Debdeep Roychowdhury Separation Strategy, Formation Flying, AOCS

Technische ' th . . . NOHOFF
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| ComponentSegrﬁntation

Payload 0.7U Satbus 0.7U Propulsion 0.6U g
Technische . . . . NGHOFF
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 Attitude and Orbit’ ontrol System Overview

ADCS operations on Reaction Wheels, GNSS receivers, MFS, . .
OBC Star trackers Gyroscopes, Accelerometers, Sun Sensors Magnetic Coils
Commanding SENAO SENA1
« 2 x4 Gyroscopes Mode Control Reaction |,
Supervision ACCO Ses AcCC1 Magneti
E E E E agnetic
Coils
* 2 x4 Magnetometers
5xSS 5xSS A
X Y4 Y-, X+, Y+, Y-, [€—
* 2 x 2 Accelerometers A Z*-Z'
« 2 x5 Sun Sensors 6Pso Gps1
(Side Panels) 4 4
* 4 Reaction wheels < & . . - s
7 7] & K 4 Ll @ 7
ST1 g = g - Pawer Switch
« 3 Star Trackers
A A
A 4 A4 \ 4 Y
« L >
OBCO OBC1 STO ST2 AOCS0 = AOCS1 PCUO PCU1
A A A A A A A A A A t o s j A A A A A A
UART
Y Y Y Y Y Y CANO y Y y
v v v v v v CAN1 ' v

NanoFF
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~ Estimated Timeliné

Shipping of satellites and equipment 13.10.2023
On-site software updates, tests near Vandenberg SFB 26.10.2023 — 02.11.2023
Launch from Vandenberg SFB 29.11.2023
Deployment from D-Orbit ION Launch + 2 weeks
First contact / B-Dot activation Launch + 2 weeks
AOCS Tests (GNSS, sensors, actuators, pointing modes) Launch + 3 weeks
Initial orbit determination Launch + 3 weeks
Solar panel deployment Launch + 4 weeks
AOCS + Propulsion system tests Launch + 5 weeks
Completetion of Recovery operations (relative distance < 1 km) Launch + 9 weeks
Preparations for close proximity operations Launch + 10 weeks
Initiate close proximity operations Launch + 12 weeks

Technische : N C] n O F F
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Equatorial Plane

Deployment2 (Argument of latitude = 270 deg)

Using D-Orbit's ION satellite carrier
— precise injection into a partial Helix orbit
Deployment

— interval 2.25 orbital periods of ION

— in two specific directions

— at specific locations of ION's orbit
Outcome

— minimise collision risk

— limit along-track separation

— Prevent formation evaporation

— Limit delta-v usage

Technische . 19th October 2023 | 2023 Virtual International Laser Ranging | page <Nr.»
Universitat

Berlin

NaonoFF



' Separation Stratedy

Normal (Posttive) Radial (zenith)

Deployment vectors in RTN frame of ION:

Tangential (Positive) . .
Representation of Radial-

Tangential-Normal (RTN) frame 1st deployment: [2.0955 0.2000 0.0000] m/s; -> at the equator

2nd deployment: [0.0000 0.2000 2.0573] m/s; -> near the south pole

20 . .
ormal— Relative distance] | Relative Orbital Elements (ROEs):
15 7y i oal o (az —aq)/ay ]
B NN oA u, —uq + (Q, — Q) cos iy
£10 7 "/ s 5oy oe _ e, COS W, — €1 COS Wy
g G oe,, e, sinw, — e; sinw,
A 2 | | | Oly I — i1
. -l PTG < Nz "< _5iy_ ] (Qz . Ql)/sin iy |
X DY S ~ where u =M + o,
5 | and g, e, i, 2 o, M — mean Keplerian elements
0 5000 10000 . 15000 20000 ‘,Q“'
Time [s

NanoFF
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' Recovery Operatic

5 Commissioning - Relative Eccentricity/Inclination Y 5000 Drift as a function of Relative Tangential Separation Delta-V
Eyl vector ‘ -‘: « Actual data
—Relative Eccentricity 0 Linear approximation i
—Relative Inclination ‘:E 4000 - of
-500 + datal H e -
— Relative Eccentricity - E
E —Relative Inclination E 3000 5 ,.""
2 -1000 : /
w ool 4
(5] o ”~
[ g 2000
> 2
2 8
? -1500 v
- Drift increases linearly with increasing relative tangential
(=] 1000 / separation delta-v.
" - o
\ z o~
-2000 N E 0w e
= 0 0.05 0.1 0.15 0.2 0.25 0.3

-1000 500 0 500 1000 1500 Relative Tangential Separation Delta-V [m/s
adex — adix [m]

Recovery - Mean Relative Longitude Recovery - Relative Eccentricity/Inclination

3500 1500 4‘ 2. adi before recoveryi — E/I véctor r
3000 —Relative Eccentricity
—Relative Inclination
2500 1000 =—s['inal Relative Eccentricity-
= =s['inal Relative Inclination
"5 2000 = ‘(--\
i S 500 N
~< © 2. ade before recover){
‘2 1500 I SNee—
I ‘3. adi after recoveryF/ f
[»Q
1000 ) | | /
500 ‘3. ade after recover}ﬂ\
0
60 70 80 > N

0 10 20 30 40 50
Time [day] 2000 -1500 -1000 -500 0 500 1000 1500 2000 <

adex — adix [m)]
k NanoFF
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- Recovery Operati"ns: Passively Safe Helix Orbit

1. Recovery - Max. observability mode 5000 Post Recovery Phase
Distances I Distances
—Radial Separation — Radial Separation
10 — Along-track Separation — Along-track separation
—Normal Separation 1500 [ —Normal separation
8-  "VyW\in. Relative Distance | |l Relative distance
E) 6L E 1000} \
g g 8 %
g 40 5 3
2 2 5 .
) 5 500 |- g §
(o
2+ L
E: /
Lo Y A A A A A A A A A A AV A A A AV A A A AV AV AYAAVAYAVAAVAVAYAVAVAVAVAVAVAVAY Or /
F0.5 71 715 72 725 73 735 -500 | | | ‘ ‘ ‘ ‘
' ' . ' ' 73.22 73.24 73.26 73.28 73.3 73.32 73.34 73.36
Time [day] Time [day]
ROEs a;5a [m] a;5A[m] asoe,[m] asoe,[m] a;5i, [m] a5, [m]
ROEs after -350.4275 3046157.8753 137.6294 312.6268 -10.3324 1471.1643 AV = 1.03 m/s in 1100 orbits
commissioning
Desired ROEs 0 1000 0 -300 0 300
after recovery - -~

NanoFF

Universitat
Berlin
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Relative Navigati6 using GNSS Raw measurements

Objective: On-board relative position accuracy of less than 1 meter.

« Currently in on-board software implementation stage for two GNSS
receivers: Ublox Neo M8T and SkyTraq Orion B16-C1.

. @Mblox

NEO-MS8T

« Estimate the relative position, estimate the relative velocity, propagate them

during error scenarios.
» Planned order of experiments: GPS only, GPS + Galileo, GPS + Beidou, etc. [u-Blox]
Challenges:
« UHF based Intersatellite Link (ISL) has limited bandwidth.
« The Chaser satellite has to deal with infrequent and old ISL data Orion B16

 Limited on-board processing power M2036U01

[Skytraq]

Technische . th . . . NGHOFF
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' Double Differencil

g of Raw Measurements

GPS Satellite b
GPS Satellite a EPOCH ¢,
EPOCH 1,

Error source

lonosphere

Troposphere

Satellite clock
Receiver clock
Broadcast ephemeris

Ambiguity term

= - Noise level with respect
to one-way
measurement

Single Differences Double Differences
(benween Receivers) (between Receivers
and benween Satellites)

Carrier Beat
Phase Ranges

Satellite
Clock
Errors
Cancel

Pyt
pit)

a
’ (t7 Satellite

and Receiver
Clock
Errors
Cancel

p)

Satellite
Clock
Errors
Cancel

Py

P (t)

40

[J. Van Sickle, GPS for land surveyors. CRC press, 2008]

Single-Difference

Reduced, depending on the
baseline length

Reduced, depending on the
baseline length

Eliminated

Present

Reduced, depending on the
baseline length

Present

Increased by +/2

Double-Difference

Reduced, depending on the
baseline length

Reduced, depending on the
baseline length

Eliminated

Eliminated

Reduced, depending on the
baseline length

Present

Increased by 2

[D. Gebre-Egziabher and S. Gleason, GNSS applications and methods. Artech House, 2009]
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~Relative Navigatioh using GNSS Raw measurements

£ .

)_ Chaser Navigation solutions —Qr

Subscriber —0) tcha
ser
\%"hawr b 6Chascr

Previous control cycle's Trel,Urel

Lo

[Frel:i;reb by....b,1,
P, B1, B2
O)

Target Navigation solutions o g] Core Module 2]
H Subscriber tTarget
TTarget » Double Difference 1. EKF with measurements
UTarget Calculator Module generation using LSQ
v G nav | 2 Estimate relative state, Trel,
3 ] 1. Select 5 (ideally 7) " sol Urer (optional)
GNSS Ephemeris Data o) common satellites —O——1 3. Estimate the
H 2. Calculate double ambiguities, by,....by
M Targer g'ﬁgr?“clef’ Y 4. Store last 2 measurement
- . Calculate .
Vi Target Goometrv malrix. G epochs' ambs as B1
2] D rarect ry , 5. Store last 10 measurement
2 arge '
) Target raw measurements——O) epochs’ ambs as B2
tMChaser
£ svidon,
)Chaser raw measuremen % *Chaser
»CPChaser
Execution every 5 seconds
Measurement epoch, satellites in view
and Carrierphase data

7

Accuracy Check Module

1. Check Covariance
matrix P
2. Check B1
3. Check B2
4. Recalculate Tpe;
from Y, G and by....b,
5. Recalculate vy
from Y, G
6. Set accuracy flags

L

—

Propagation Module
Propagate the relative state

2]

)

Technische
Universitat
Berlin
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' Precise Relative 'a‘vigation Test Setup and Results

 NavX-NCS GPS Simulator at L1 fregency
* Sun synchronous orbit at 550 km with ROEs:

* Input: Helix orbit with 300 m — 600 m relative distance
* Results
o Mean position estimation error: 10 — 20 cm

o Accuracy less than 1 m: 95% of the time

Next steps

o Reduce mean position errorto 1 -2 cm

REEATxdE L «

[lfen GmbH)]
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Technische
Universitat
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n— Estimation Error in Relative Position
Carrier Phase + Extended Kalman Filter
Carrier Phase + Extended Kalman Filter + Propagation
Very accurate
Corrected GPS + EKF
9 —
8l * Mean position error 0.09 m
» Standard deviation 0.12 m.
L * Accuracy less than 2 m: 100% of the time
* Accuracy less than 1 m: 99.4% of the time
* Accuracy less than 0.5 m: 98.8% of the time
T + Accuracy less than 0.2 m: 94.3% of the time
E (F
E 5 j" 1
o / \
p= | )\
& ||' N
41— |I
|‘ ‘I
3 : ) \
; Sy
2 ||| | A I| f
oo | \ /
‘ \./~ | x \\ : {
. \
M‘\J AR o i Rans i Vo,

b P SRR B

500 1000

1500
Time [s]

4000

4500

5000
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esults

Estimation Error in Relative Velocity

0.9 —
Corrected GPS Error
Corrected GPS + EKF Error
Triple Differencing Carrier Phase + Prop
Mean error: 2 mm/s
0.8 —
0.7 —
0.6 —
0
£ 0.5—
=
o
=
(]
2
o
2 0.4 —
U
=
0.3 —
0.2iF=
I
4
I
| | \4{
l “ X Y
{! / ~— \ ' ¢
/ 7 4 11 8 / N L N > O
. L FARED NNy Y A Bttt gl e e el M [T e A o = | / M, = \ ~ y -
500 1000 1500 2000 2500 4000 4500 5000

Time [s]
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' Example: GNSS Igw MeasurementsTelemetry

Position

Azimuth:

Elevation:

AocsSensors

| ==

Technische
Universitat
Berlin

TM-Info Errors Time

Frame Cnt: 4446
SMeter:

AocsWheels

Connections

° Globaibs @ Q@ Q@

SatelliteDB O

Errors O
Limits Q

G/S Time: 02.10.2023 11:30:32
S/C Time: 22.03.2020 20:47:13

Baselnfo BootManager = CAN Clock Sync DataUpload Diagnosis | GNSS Housekeeper = ParamUpload

H Ub1lRcvTow
B UblGpsWeek

Msrmnt ToW in rcvr local time apprx in GPS system time [us]
GPS week number in receiver local time
GPS leap seconds to receivers best knowledge

M UblLeapSec N
B UblNumRawMeas Number of raw measurements

M UblRecvStatus Receiver tracking status bitfield
M UblRawVersion Raw measurement message version

19t October 2023 | 2023 Virtual International Laser Ranging | page 17

TimeManagement

127847996000
2282

18

11

1

1

H Ub1PseudoRnge®
H Ub1PseudoRngel
B Ub1PseudoRnge2
H Ub1PseudoRnge3
B Ub1PseudoRnge4
B Ub1PseudoRnge5
H Ub1PseudoRnge6
B Ub1PseudoRnge?7
H Ub1PseudoRnge8
B Ub1PseudoRnge9

Pseudorange
Pseudorange
Pseudorange
Pseudorange
Pseudorange
Pseudorange
Pseudorange
Pseudorange
Pseudorange
Pseudorange

B Ub1PseudoRngel0 Pseudorange
B UblPseudoRngell Pseudorange
B Ub1PseudoRngel2 Pseudorange
B UblPseudoRngel3 Pseudorange
M Ub1PseudoRngel4 Pseudorange

measurement
measurement
measurement
measurement
measurement
measurement
measurement
measurement
measurement
measurement
measurement
measurement
measurement
measurement
measurement

(index 0)
(index 1)
(index 2)
(index 3)
(index 4)
(index 5)
(index 6)
(index 7)
(index 8)
(index 9)
(index 10)
(index 11)
(index 12)
(index 13)
(index 14)

20216750882
19046238744
20911485464
20117418453
22231988348
21342242082
23071691456
24348057492
19991904156
19653811093
22896206268

4294967295

4294967295

4294967295

4294967295




~ Satellite Laser nging |

Objective: Compare the relative distances using SLR with those from GNSS raw measurements

Side X+

Position of the LRR surface center

1 109

2 79 50 33
3 65 0 51
4 79 -50 33
5 -8 10 -51

Body Fix Right Hand Geometric Centric
Coordinate System (NanoFF SAT Coordinate
System)

Technische . th . . . NGHOFF
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" NanoFF Helix Formation
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« Gaining mission operations experience
» Developing autonomous formation flight algorithms

* Developing on-board relative position estimation algorithm

using GNSS raw measurements

ru 5 ;.'}\’
== A i e F /
. Ty

= =
£ l ‘ “a
Technische . th . . . NGHOFF
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Gefordert durch:

% Bundesministerium
flir Wirtschaft _
und Technologie Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV.

aufgrund eines Beschlusses DLR Grant number NanoFF: 50 RU 1803 =<

des Deutschen Bundestages
NanoFF

Technische .
Universitat

Berlin
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Payload Communication On-board Computer Navigation Power supply Attitude and Orbit Control Propulsion

Solar panels 4 Reaction wheels S
sensors
| 1 | |
| | |
| | = | | Z 7, — — [
|| X-band X-band || | S-band S bz.and GNS.S GNS§ ! Battery Battery 6 Magnetorquers 5 Sun
!| transmitter transmitter | || receiver receiver Receiver Receiver | sensors
| | | 0
I
I o i " !
| 1 1 1 |
: 4 Cameras .| | UHF-band UHF-band S—band S—-band GNSS- GNSS- i !| Charge Charge 4 Gyro 4Gyro |! Star
| | | | transceiver transceiver transmitter transmitter Receiver Receiver | || regulator regulator 4 MFS 4 MFS I tracker
I I
| | 1 B =
| | | ! | |
| 1 1 j 1 |
: Image Image g |} Data Data Data Data Telemetry Telemetry Formation Flight Computer | | Power conditioning 2 ACC 2 ACC | Star
\ storage storage : : storage storage storage storage storage storage | | and distribution | tracker
1 1 I ! ! |
I
: ! | 1 =
| 1 | ! ! 1
| 1 | : 1 | s
: PDHO PDH1 'R ucomMo UCOM1 SCOMO SCOM1 0OBCO OBCH1 FFCO FFCAH ! | PCUO PCU1 AOCS0 AOCSH | . tir Aquajet
| 1 1 | | racker
I | I ! I
| | | I | |
L==lf==[f===== | ] T S T T e {E=dF==== iF=dFp===== T Tp=dF==4=== {p=dp==== -4 -- ISR Bk B No=ll===gl === \=={l===== e A A A A
Y Y L Y L Y Y Y Y Y L L Y Y L CANO _ y
Y Y Y Y Y Y Y Y Y Y Y Y Y Y y CAN Y
-~ >
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Propulsion System Aquajet

/Al:

A Aerospace Innovation

w 94x94x59mm3 (without connectors and cables)

ca. 580g (incl. electronics, without connectors and cables)

T ERI NG EE I ca. 80g
Working fluid Water and antifreeze

HCEICR{ Sl )M ca. 5.8 bar

Vcc (nominal) 12V / 5V / 3.3V

Electric power Max. 7W

up to 700m/s

Thrust up to 4mN (average 1mN)

Delta v ~15m/s

NanoFF EQM, FM1, FM2, FSM [Aerospace

~¢
Innovation GmbH] il

¢
=

NanoFF

Technische .
Universitat

Berlin
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a

- Formation Flight in NanoFF

« Use of Relative Orbital Elements

oal (az —aq)/a4 |
oA U, —uq + (Qy — Qq) cosiy
Sor & 5ex B €, CoOsw, —eq Cosw,
Tloey|[” e, sinw, — e sinwy
Ol i, — iy
160y, || L (Q, — Qq)/sin i, |

» For collision safety, de 1T §i or de Tl i

Radial (zenith)

« Chaser satellite (the one with active control) is Normal (Postive)

Tangential (Positive)

considered as the reference satellite.

Representation of Radial-Tangential-

« Based on the work and experience gained in Normal (RTN) frame

DLR’s AVANTI mission.

>
> N
-

Technische . th . . . NGHOFF
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a

' Post Deployment

elative Orbital State

Commissioning - Relative Eccentricity /Inclination 2.5 ——
°00 N =
B >, |——Normal separation
---------- Relative di@tantcc
500 E/I vector 1507 \
— —Relative Eccentricity Y
) 400 —Re?a.tive Inclination E
2 + Origin =, 1
? 3
® 300 :
| 3 i
> z 0.5
<< -
© 200 0
100 o5l
_1 | | | | | |
400 200 0 200 400 0 2000 4000 6000 8000 10000 12000

adex — adix [m]

Jf,ff:,':,i’;i .'E 19t October 2023 | 2023 Virtual International Laser Ranging | page 25
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Time [s]

-~
S

=
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' Primary structural parts

» There are seven primary structural parts

« Two connecting structure including the
rails in +Z and -Z (1 and 6)

» The top and bottom plates (4 and 7)
» Intermediate plate in X-Axis between the
satellite bus and the payload (2)
» Side elements of the satellite bus in +Y
and -Y (3 und 5)
* The satellite bus itself has a bottom plate to
be separated from the propulsion system

Technische N G n O F F
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 Satellite bus

« NanoFF's satellite bus was developed as a
self-contained, self-supporting, structural
unit

* The complete subsystem can be integrated
and tested prior to integration into the
satellite

* In addition to the two primary structural
elements in +Y and -Y, the subsystem has:

* An intermediate deck in X
* The battery housing

 The tetrahedron structure for the reaction
wheels

Technische . th . . . NGHOFF
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 Satellite bus

» The structural elements are both screwed
and secured by locating pins (between RW
structure and battery compartment).

« The reaction wheels are electrically
connected to the BMS via a pluggable
cable connection

e The BMS, the OBC-COM-NAYV board and
the PCU are connected via board-to-board
connectors.

* The air coil is soldered to the PCU

 The satellite bus also houses the central
joint of the solar panels

¢
> N
-

NanoFF
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' Release mechanisms

 NanoFF has a total of four release
mechanisms, two each for the UHF
antennas and two for the solar panels

« For the UHF antennas, the release
mechanism is based on the system
developed during the S-NET mission

* The individual mechanisms are secured by
a taut nylon thread (2)

* A redundant fusible link (1) guarantees safe
triggering

» The nylon thread for the panel deployment
is guided to the -Z side by means of a 3D
printed guide (6) (3)

Technische ' th . . . NGHOFF
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" Satellite bus electr

Combined PCB with several subsystems
Communication

« 2 Transceiver in UHF-Band (UCOM)

2 Transmitter and 2 Receiver in S-Band
(SCOM)

Data Handling

« 2 On-Board Computer (OBC)

« 2 Formation Flight Computer (FFC)
Navigation

* 4 GNSS Receiver (NAV)

EGSE

» Access to all uCs of the satellite

onics: OBC/COM/NAV

O

Place of aircoils

Connector PDHA

Connector POH1

(O U © U O
0 Q o Q
UCcoMe <Hcud Ucor1 <Hcud
L1 LR O m T[T el
GsE 0, =U=
pma I} = E d b G = ymd
T | [iED: =" . [ |
------ - 1] oo sz ooy
Egeemsmee OBCA - :l
) ;\ 5 =0BCi== -
= = 1! —
LR [ ST | Hm ™
pg| scOeeasly
Dol e -
T (W] Ly Ty - -
5 [T f
K LW SCOMA|%|
fu:ﬂ
e
20k =
= =|FFC1
LJ[I
A aieancd ;
Connector to PCU I

0"

o2

il

Connector EGSE

Connector EGSE

Universitat
Berlin
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JUCOMe -3 =
2 I_I%s g "y
g B Ay |
dugE 0 e | | ET LiEoma! .
1 NAUL
OC
»»»»»»»» -
| NAVA 1 ap—
f%'—'SCDHG Transmitter . m
= —‘ g 4+ JLTL
sif 11 Ly
Il ISCOML Transmitter
! 1 SCOMB " SCOML
Receiver Receiver |
\I "_\\I
O L)
Wo o kb o
ia = = 2 ,°1
Connector EGSE Connector EGSE
¢
s W
g
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 Satellite bus electfonics: PCU/AOCS

Combined PCB for PCU/AOCS ” ,, 7 S ,,
AOCS . | ‘ ‘ e

g 73 O CIC ” ‘ e
2x4 Gyroscopes Sl e ol

2x4 Magnetometers

2x2 Accelerometers

2x5 Sun Sensors (Side Panels)

HEEE

HEEE

4 Reaction wheels

3 Star Trackers | .- T V 0

PCU

10000

* Redundant System
« 12V, 5V, 3.3V

=4
T ad
<

Technische ' m—% NGHOFF
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Satellite bus: EPS”

£1391210

w020

BISBUOPU| U PB|qUISSSY
6G/4€/9d0I

020 102 L2795 - OXA
HHB 652€0G ddV/b
Hawo 862i0}S Y.LHVA

UAZ'S AL'E UVLHOOY L

X

Technische
Universitat
Berlin
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 Camera system

* Multispectral camera system

2| mage | | toga |1 mcu | DRAM
» Ground resolution of 30m 3 | sensor
]
@525km SSO PDHO PDH1
MTF of 0.4 . Flash | | Hraw % mage L_| epGa |1 MCU |- DRAM Flash | | praw
* Global Shutter sensor with a memory © | sensor — memory
pixel size of 2.74um and 12Mpx e —
. Elwlat:]‘] V9\/I6dkth of 131km oand MCU % ;::Sgoer —{ FPGA | MCU |~ DRAM MCU ~ Trane.
elg t m mitter mitter
]
» Stripes of consecutive pictures H % H L‘
. . CAN CAN CAN CAN
» Filters chosen with another TRx | | TRx % ;2:89; - FPGA | MCU || DRAM x B TRX
department of TU Berlin for i i = I I
forest surveillance (4 red v CANO v
channels), other satellite RGB Y CAN1 Y
and near IR
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Key Parameters

- lauNamoFF__ [3UNanoOOV |
Communlcatlon

Up to 9.6 kbit/s Up to 9.6 kbit/s

Up to 4 Mbit/s Up to 4 Mbit/s

Up to 9.6 kbit/s Up to 9.6 kbit/s

Up to 1 Mbit/s Up to 1 Mbit/s

36 W 55 W

47 Wh 47 Wh

30 arcsec 30 arcsec

0.5° 0.5°

5m 1m

0.1m/s 0.01 m/s
IR ~ 15 m/s ~ 11 m/s

0.7U (1.3U w/o propulsion) 1.6U (2.2U w/o propulsion)
30m GSD tbd
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