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UNISEC Europe

Objectives Members

«joint proposals for space outreach +UNISEC Germany
activities to be funded by European «UNISEC Lithuania
Union, ESA +UNISEC Samara
.contributions to CanSat +UNISEC Turkey
educational programs «? UNISEC lItaly ?
oJoint CubeSat conferences and ...

exchange of experiences
-organization of small satellite
ground station networks to support

the CubeSat community “N'SEG ==l
.standardization of electricaland """ Ty e o

software interfaces http://unisec-europe.eu,
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Standardlzatlon of Electrical Interfaces / I\/Iodular Bus

Advantages:

*Success of CubeSat based on standard regarding dimensions
*Exchange of components at subsystem level
*Much easier way for cooperations

Standardization of Electrical Interfaces
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o PC/104 CubeSat Kit Bus

- often adopted by commercial suppliers (30%)

Prof. Dr. Klaus Schilling
Computer Scienc VII:
Robotics & Telematics

» Which aspects would we like to carry e e e i o
over to a commonly defined standard due to their

technical advantages for pico- and nano-satellites?
(ignoring the fact that many suppliers adopt PC/104 CubeSat Kit Bus)

« Whic
o Whic

n aspects should be improved?

n relevant aspects are not ado

PC/1047

ressed by

Standardization of Electrical Interfaces
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Existing Mechanical Interface: PC104
o PC/104 CubeSat Kit Connector

relatively large in PCB footprint (10%-15%)
and height (15mm or 25mm, significant impact for 1U)

o | ‘ [ S i s s

< 1
REVISION HISTORY

only a fraction of the  werric orawine S e

/" IF USER MODULE IS LOCATED

N [ 90.17mm | / WITHIN 25mm OF FLIGHT MODULE
] ‘ 28 5 2 83 / o
o a8 8 4 BE —TOPSIDE COMPONENT HEIGHTS —A 05" (1.27mm) SETBACK FROM THE EDGE
\, TO CONFORM TQ ACCEPTED /IS RECOMMENDED FOR ALL COMPONENTS,
| \ PC104/PC104+ STANDARDS / ROUTING AND METAL PLANES (APPLIES
4 \, (See www.pc104.com) / TO ALL LAYERS OF PCB ARTWORK)
95.89 } B —
: \ = F 0
y a 3 — sreess __—REMAINING AREA MAY HAVE
2319 CubeSat Kit Bus 3 \ ~" COMPONENTS UP TO A HEIGHT
72.90 \ N BOTTOM SIDE VIEW . OF AT LEAST (.155") 4mm AND
. : T il b 655 POSSIBLY UP TO 355 (9mm)
o) TOP SIDEVIEW (2 \ 77 J g OR MORE DEPENDING UPCN
W 19 S COMPONENT PLACEMENT AND
58,08 ) CONNECTORS ARE / / S CUBESAT STACK CONFIGURATION.
¢ 1z DIMENSIONED TO PIN #1 w % — 5271 ¢
; . ) w a < 50.53
N\ X w 7
TYPICAL \ 95.89mm | = z s / ////////// 4318
o - 4027
t - I a7.81 N E E \ s / S A — a7
@
I I I I I I I | l 4X ©3.18 THRU
O u I g O e I AX'}“E PAD /—OPTIONAL 2552
N / PC104 8-bit Bus 1524 r
- 1018 —._ | 20bc000900000000000 o84
508 — | R0 7300055000000d0000000040 pt |
292 ——HEH aooaaess (§) “—IF THE CUBESAT CONFIGURATION
0 | = —— 0 INCLUDES A Microhard MHX FAMILY MODEM
\ THEN THIS AREA SHOULD BE VOID OF
NN 1657 —=it=— COMPONENTS AND CIRCUIT TRACES
B (METAL) IN THIS SURFACE AREA. B

w

- 1 d 4
] ] ‘ 3 "“I‘@ Elzx #.218 (9554
L\F NO MODEM IS USED, THEN (\F VJO MODéWM. THE‘;)
MAXIMUM COMPONENT MAXIMUM COMPONENT

ITEM __ QTY | PART NUMBER DESCRIPTION | MANUFACTURER ;'glg)?gégg 1‘;&5&%":“ HEIGHT IN THIS AREA NOT

6.35
26.67
36.07
56.39
85.09
90.17

_ 1 1 PC104 Spec PCB User Usar TO EXCEED .275" (7mm) =
2 2 ESQ-126-39-G-D 2x26 Stack-Through Samtec.com
L] L]
NOTES: MATERIAL: [ Finish: HEAT TREAT: | weich:
I I I e r I ‘ l | I l I S 1) Connectors shown are .10" x .10" spacing, .025" square pin. P U M P K 1 N 744 Naples - San Francisco - CA 84112
. 2) Samtec part numbers listed are low insertion force versions. (@15) 554'63&,52,,,&,],2&%7948 fax A
N
3) In the case where a 25mm gap will exist above the User Slot an additional connecter should be used to gap the extra 10mm
distance, plugged inio the main connecior, Use part SSO-1XX-22-G-D where "XX" is the # of contacts per row. nmﬁgﬁaﬁ?&’ff ﬁfﬁ»ﬁﬁﬁ%‘é rerows | ome | T o iy nGas Kt
|4] These comments apply to situations where the User Module (Slot 1) Is directly above the FlightModule (Slot 0). FRACTINS  DEGAIALS - ANGLES | RA AW o8z PCB speciﬁcaﬁon
oo [CHECKED | .
QuaL ENG SZE [ oWG. REV
) ! . 2 810-00253 |
©rumpin b - s Foaned | EEEREURIBEG | rer o e ona T o
B T 7

CubeSat K|t [Product FIyer] http: //www cubesatklt com/docs/cubesatkltflyer pdf
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Mechanical Interfaces

« Stacking Principle
— all signals pass all connectors between

source and sink:
o increased power loss (low voltages/
high currents) and noise

. Backplane, Flex-Rigid Bus L
_ ﬂeXIbIe Inter_subsystem SpaCIng’ Imagvej;rgg:wtgtrf?/é{)ﬁvavgs}iienc\J/:rnbduﬁit:)l;y?g:xgé
flexibility for assembly and disassembly

UWE Bus - University of Wuerzburg Assembly, Integration and Testing of the Delfi-C3 Nanosatellite
Brouwer, G. F. and Ubbels, W. J. and Vaartjes, A. A. and Hennepe, F. Te

Proceedings of the 59th IAC, Glasgow

Standardization of Electrical Interfaces
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 only a few lines actually used in common: I1.e. comparing

Prof. Dr. Klaus Schilling
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V Battery (2 pins)

- -
t f N Cubesat Kit GoM clyde Cubesat Kit GOM Clyde
w s w 5
pin assignment of: -
z g 5 2 z & g 2
E w & g ki T - 9 E H
a & = El =1 v g & = 2 a w
2 5 g 2 . g g 5 g 2 5 £
5 g s % H 2 z 5 3 < E It}
t g 2 b & . £ £ 2 2 g g
. = = H H ] 2 = = 2 H 5 £
= -1 E 3 3 E = z 2 3 2 2
CubeSat Kit Motherboard Rev.E £ p LI : : ; 53 1
3 ‘s 4 3 3 3 2 3
4 3 i £ 3 2
R . o B [ S 3
CubeSat Klt Llnear EPS Rev D ni] 1ferio CANL swia h2 [ 1fcrio ain sw1
. 2QGPIO SW19 2 GPIO Ain [SW2
ferio CANH swia afcrio ain sw3
AQGPIO CLK out SW22 AQGPIO Ain SW4
N M 1 d A712C sfepio swa3 5JGPIO Ain sws
ano In || efferic I:swza | | sfGrioain 5w6
7Jerio A25 7fcrio ain sw7
sferio A26 sfcrio ain w7 Switchl 12V or
oferio #27 afcrio ON UsB sw7 GND
NanOPOWer P31u-9 .O 10 GPIO A28 10QGPIO [SWE Switch2 12V ar
11 GPIO ON_SD A29 11§ GPIO [SW9 Switeh3 12V or
124 GPIO GPIO A30 12§ GPIO [SW10 Switchd 12V or
. . . EE R [ Taafcrio Em Switehs 5%
Clyde CubeSat Power Distribution e ufero 0
[ CRE 15]GPi0 w13 Switeh 5%
16 GPIO A32 16 GFPIO [SW14 Switch? 5V
[ R RAL A9 17]epio sw1a GND
CI de 3G EPS 181 X1 A33 [E [ sw14 Switch8 3.3V
y 19 RX0 RX0 A10 19§ GPIO [SW15 Switch9 3.3V
20QTXO TX0 A34 20§ GPIO [SW16 Switch10 3.3V
21Q5PI CLK SPICLK A1l 21§ GPIO [SW17 GND
| 224 5P MISO SPIMISO A35 | 22 GPIO [SW18 GND
] ZBISPI MO SPIMMOSI 712 23] crio B 12v
2a]cs spcard €5 5Dcard 736 2a]srio w21 12v
25§ oc FAULT OC FAULT A3 HE B 5V 5V v 5V
= 26 vREFD A37 65 5 5V v 5V
L 27 sEnsE BD 27]wcesTs 33V 33V 33V 33V 33V
. n 28 VREF2 A39 28QVCC SYS 3.3V 3.3V 3.3V 3.3V 3.3V
29 RESET RESET A15 29QDGND GND GND GND [ GND GND
IES [5E A40
31§ OFF VCC A16
325V USB 5V USB 5V_in A32 5V USB
- - 334 PWR MHX A17
5V charge_in (1 pin) E] AT B
— ssfcTs mhx A8 35hs1 s1 PCMin
. 3] RTs_MiX ™ 3551 51 PCMin
I 2 C S DA ( 1 p I n ) 37 DSR_MHX A19 SDA 37Q52 RBF S\
38 DXX_MHX RX1 SCL 3852 RBF SW
H JOQTXD MHX AZ0 39053 SEP SW1
IZC SC L ( 1 pl n ) 20 RXD_MHX KL | Taofsa SEP SW2
[ |43 SDA SDA SDA SDA I_SDA SDA 4154 54 BCR OUT
5 OV 2 1 7EI—\JBACKUP v RX2 GND | Tazfs4 54 BCR OUT
. p INS asfscL sCL scL scL scL scL 4sfss 55 BCR OUT
24 RSVOO reserved ™2 aafss 55 BCR OUT
3 3V ( 2 pi n S) 25 RSVDO reserved 221 asfveATT 710v vBATT 710V V_BAT Battery BAT
. 26| RSVDO reserved RX3 | [esfvearr7-1ov veatT 7-10v V_BAT Jeatiery BAT
- 47 WV PWINV PWR OUT1 A22 47 RS422 RX A GND
G N D ( 3 p in S) L | 33v PWROUTZ | Tia ™ asf RSA22THA __ GND
49 V PWIN FWR OUT3 AZ3 49 RS422 RX B
. 50 33V PwWROUTE  |Rxa 50 75422 TH B
AG N D ( 1 pl n) 51 V PWM PWR OUTS A24 51 [optional V
52| 33V PWROUTE  |Txa =] optional v
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Block Diagram
Ablock diagram of the system and ils interfaces is provided on the figure below:

many Important signals are currently

o
not present on main connector
— often extra connectors used / wired harnessing required
. solar panel inputs °
o flight/kill switch logic |
o test, debug, programming ——
Interface for individual 5
subsystems
. often missi ng Signals e e e

switches and one for a remove before flight harness.

Separation Switch 1: DF13-2P-1.25H

— e.g. sync signal for time/clock R
synchronization between PR TS Pr———
subsystems P —

2014 GomSpace ApS.
Switch Normally Isolated Solid State Switch Conditioning Circui

Remove Before Flight Switch: DF13-3P-1.25H

[1] NanoMind A712C [Product Datasheet] o e I —

http://gomspace.com/documents/GS-DS-NM712C-1.1.pdf 1 Switch Common Ground

[2] NanoPower P-series [Product Datasheet] 2 Switch Normally Isolated Solid State Switch Conditioning Circuit [3]
3 NC -

http://gomspace.com/documents/gs-ds-nanopower-p31u-9.0.pdf
[3] Clyde Space Third Generation CubeSat EPS Range Overview
http://www.clyde-space.com/documents/3016
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Common Standard Recommendations
o support for distributed power generation

- MPPT circuitry can be part of “more intelligent” solar

panels
— can directly supply (redundant) unregulated power bus

. Minimal impact on required | B 5 %
signals on satellite bus > | =

« Power System capabilities =
scale with connected 5 — —
power generators - o o

. Optimal design of MPPT L A ol
circuitry w.r.t. solar panel =

« Supports arbitrary number of ? ==
panels with heterogeneous L =

AN J AN

performance

University of Wuerzburg UWE-3 Electrical Power System

Standardization of Electrical Interfaces
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o specify standardized subsystem interface cc
Implementing:
— power switch, monitoring, protection
(OV, UV, OC)
« Optimized for actual subsystem e e e e Seuio

« Minimizes impact on required signals on satellite bus (no dedlcated
switched power line for each potential subsystem)
- selective isolation of data interface from satellite bus
« Required for proper partial power S
down, avoids current leakage for AT D D@DV
switched off subsystems
. Can also handle data bus or LDU U -0t U U
power bus redundancy selection
In a standardized way

(12c1)(12c2) (GP10s) (UART 1)(UART 2) )

Subsystem
|
\ 4_—__.-_.___._

University of Wuerzburg UWE-3 Standard Interface Control Circuit

Standardization of Electrical Interfaces
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Example UNISEC Europe Bus

1. subsystem bus connector
2. panel bus connector
dF 3. analog umbilical line connector
BH ;4. digital umbilical line connector
e 5. remove before flight switch

6. kill switch

:n'n,n'nﬂ i r(\m

Sassnssnusnnil

Prof. Dr. Klaus Schilling
Computer Scienc VII:
Robotics & Telematics

2L UNISEQ e

University Space Engineering Consortium

http://unisec-europe.eu/standards/bus;

AR

1 ir
O o 4410 4 4
P T =i

UML_UART (RXD) 1 2 UML_UART (TXD)
UML_SBW-1 (TDIO) 3 4 UML_SBW-1 (TCK)
UML_SBW-2 (TDIO) 5 6 UML_SBW-2 (TCK)
BUS_I12C-1 (SDA) 7 8 BUS_I2C-1 (SCL)
BUS_ITAG (TDI) 9 10 BUS_ITAG (TCK)
BUS_JTAG (TDO) 11 12 BUS_JTAG (TMS)
GND_SYSTEM 13 14 GND_SYSTEM
SUP_5V0 15 16 SUP_5V0
CTL_RESET 17 18 CTL_RESET
COM_UART-1 (RXD) 19 20 BUS_I12C-2 (SDA)
COM_UART-1 {TXD) 21 22 BUS_[2C-2 (SCL)
SUP_UNREG 23 24 SUP_UNREG
SUP_3V3 25 26 SUP_3Vv3
PWR_BAT-2 27 28 PWR_BAT-2
PWR_BAT-1 29 30 PWR_BAT-1
reserved (PWR_SC_Y) 31 32 reserved (PWR_SC_X)
reserved (PWR_SC_Z) 33 34 CTL_SYNC
GND_ROOT 35 36 GND_ROOT
GND_CTL-1 37 38 GND_CTL-2
SUP_BACKUP 39 40 SUP_BACKUP
SUP_CTL-1 41 42 SUP_CTL-2
General Purpose Input/Output 43 44 COM_IRQ
General Purpose Input/Qutput 45 46 General Purpose Input/Output
COM_UART-2 (TXD) 47 48 General Purpose Input/Qutput
COM_UART-2 (RXD) 49 50 General Purpose Input/Output
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Power Distribution System

anel A fEfer:tricaJ Power System h fSubsystem
IS SuP_CTL-1
PWR_BAT-1 L r—‘; [arean)
_ . ~ » >
.F Dc ] | S B DC
I
g
o DC = DC
o —>
DC 3 ’—{ DC
%I
@
DC V
I: GND_CT D_C,JJ B
GND_ROOT — GND_SYSTEM
T — —= Interface
Contral
VR SENS sup_cTL2 SUP_UNREG
| PWR_BAT-2 PN o) = N
I oC L bt -
PAN_SENS-2 P DC suP_sva
| Z C
e SUP_3v3
T P S e g
= GND_CTL-2 228
GND_ROOT GND_ROOT — GND_SYSTEM GND_SYSTEM
— —/—
AN AN

P '2C1 4 12C2 g GPIOS RUART 1L 3v3 H_5v0 HVUREGI~

0000 0=0 00 00 i

£
ont
h
F

(12c1)(12c2) (GPios) (UART 1)(UART 2) ( ) ( ) (0 )

Subsystem

/\_/
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‘3.1.1 SUBSYSTEM INTERFACE DESCRIPTION 3.2 PANEL INTERFACE DESCRIPTION

The subsystem interface foresees double row high precision PCB connectors in the standard grid The panel bus is in principle a subset of the subsystem bus. The panel interface foresees single row

pattern 2.00mm (THT).

Backplane Connector: BLY 2-50, female, Fischer Elektronik
Subsystem Module: SLY 4 035-50-Z, male, Fischer Elektronik

high precision PCB connectors in the standard grid pattern 2.00mm (SMT).

Backplane Connector:
Panel Connector:

BLY 6 SMD/ 12, Fischer Elektronik
SLY 7 SMD/ 045/ 12 G, Fischer Elektronik

UML_UART (RXD) 1 2 UML_UART (TXD)
UML_SBW-1 (TDIO) 3 4 UML_SBW-1 (TCK) GND_SYSTEM 1
UML_SBW-2 (TDIO) 5 6 UML_SBW-2 (TCK) SUP_5V0 2
BUS_I2C-1 (SDA) 7 8 BUS_I2C-1 (SCL) CTL_RESET 3
BUS_JTAG (TDI) 9 10 BUS_JTAG (TCK) BUS_I2C-2 (SDA) 4
BUS_ITAG (TDO) 11 12 BUS_JTAG (TMS) BUS_I2C-2 (SCL) 5
GND_SYSTEM 13 14 GND_SYSTEM SUP_UNREG 6
SUP_5V0 15 16 SUP_5VO0 SUP_3V3 7
CTL_RESET 17 18 CTL_RESET PWR_BAT-2 a8
COM_UART-1 (RXD) 19 20 BUS_I2C-2 (SDA) PWR_BAT-1 9
COM_UART-1 (TXD) 21 22 BUS_I2C-2 (SCL) reserved (PWR_SC) 10
SUP_UNREG 23 24 SUP_UNREG CTL_SYNC 11
SUP_3v3 25 26 SUP_3V3 GND_ROOT 12
PWR_BAT-2 27 28 PWR_BAT-2
PWR_BAT-1 29 30 PWR_BAT-1
3.3 UMBILICAL LINE
reserved (PWR_SC_Y) 31 32 reserved (PWR_SC_X)
reserved (PWR_SC_Z) 33 34 CTL_SYNC GND_SYSTEM 1 GND_SYSTEM 1
GND_RQOT 59 36 GND_ROOT GND_CTL-1 2 UML_UART (RXD) 2
GND_CTL-1 = o8 GND_CTL-2 GND_ROOT 3 UML_UART (TXD) 3
SUP_BACKUP 39 40 SUP_BACKUP PWR_BAT-1 4 UML_SBW-1 (TDIO) a
SUP_CTL-1 41 42 SUP_CTL-2 PWR_BAT-2 5 UML_SBW-1 (TCK) 5
General Purpose Input/Output 43 44 COM_IRQ UML_SBW-2 (TDIO) 6
General Purpose Input/Output 45 46 General Purpose Input/Output UML_SBW-2 (TCK) 7
COM_UART-2 (TXD) 47 48 General Purpose Input/Output
COM_UART-2 (RXD) 49 50 General Purpose Input/Output Analog Umbilical Line Digital Umbilical Line
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Offers for cooperations

o International missions emphasizing distributed networked
small satellites for applications in Earth observation and
telecommunications

 Support in small satellite design

o International cooperation for networked ground stations

o Intensive classes on small spacecraft design (Tunesia, Russia
USA, Turkey, Brasil, China, ...)

 Participation of students in the ,,SpaceMaster program
( http://www.spacemaster.uni-wuerzburg.de/ )

o Information exchange at Pico- and Nano-Satellite conference
(alternating In Berlin and in Wrzburg, already 8 conferences
> 100 participants)

Contact: Prof. Dr. Schilling schi@informatik.uni-wuerzburg.de
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Tooi Registration
s g . ) Participants are requested confirm their participation through
I %"ﬁ:ﬁﬁ' In orbit experiences e-mail latest by August 12th, 2015.

Smaill satellite missions Registration fee: 70 €

pistributed srmall satellite systams —
The registration fee covers lunch and coffee breaks expenses

8™ pico and Nano Satellite Workshop subsystem technologies for small satellites for the duration of workshop.
Technology for Small Satellite Research Payloads for small satellites Schedule
—_— Submission of abstract: July 20, 2015
September 15-16, 2015 Applications Notification of acceptance:  August 05, 2015
Wikrzburg, Germany Flight opportunities and launchers for Pico satellites Registration closure: August 12, 2015
Workshop: September 15-16, 2015
Educational aspects
Language
Call for Papers and Detailed Information The main language of the workshop & English but

contributions in both English and German languages are
The call for papers and other information will be provided on  accepted.

the following websita:
Workshop Location

wanw T.informatik.uni-wuerzburg.de/pina2015 The IFAC symposium will be held at the informatics building,
Turing-Horsaal, located at Hubland campus of University of
= Wirzburg and can be quickly be reached by public transport
W from the city center.
The city is located near the center of Germany, offers a wide
range of recreation and leisure activities together with
theaters, open-air concerts, and wine festivals. Located at the
shores of the river Main, vineyards, castles, medieval cities and
baroque residence palace are characteristic for the region.
wurzburg offers a broad range of accommodations facilities at
all costs.

Approach

Wiirzburg can be easily approached by frequent trains directly
from Frankfurt airport in about one hour. Two ICE high speed

— train routes cross pass through wurzburg, as well as three
important German motorways, the A3, A7 and A81. Thus
access by train or car is very efficient and easy.

www7.informatikuni-wuerzburg.de/pinaz015




