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Maritime domain awareness

The nano-satellite constellation enables
the effective monitoring of South Africa's
extensive ocean and coastal areas to
facilitate national maritime domain
awareness.

Benefits:
 effective vessel tracking
« enhanced security and safety

« monitor activities within ocean
economy

e marine protection
maritime trade information



ZACUBE-2 | MDA Precursor

Feature AIS/VDES vessel tracking
capability
lexible Software Defined Radio to

enabteural connectivity to remote
health clinits and educational facilities

* Medium resolution imager to monitor
field fires, oil spills, ...

Launch-ready 2017
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Verification & Validation (V&V)

» 1992 survey of 2500 spacecraft failures 1962-1988

(Musgrave, Larsen & Sgobba 2009) [N JREHEPRNE Subsystem -

» 48% of nanosats -3.3
survive after launch Telemetry, Tracking and Command 24.6

(Bouwmeester & Guo 2010)

Guidance and Navigation 13.6
Electric Power 13.2
Failure Cause |% Data Handling 91
Thermal Control 5.6
Design 24.8 Propulsion 3.7
Environment 21.4 Structure 3.5
Operations 4.7 Payload 26.7
IParts 16.3 VIS and IR Optical 13.1
Quality 77 Comms 5.2
Other 6.3 Special Payloads 4.9
Unknown 18.9

Navigational 3.5



Testbed (Functional & Environmental)

LabWindows/CVI Real-Time

Reliable Test, Oc(
Performance in C

- Student project

- LabWindows™/CVI
o C for Virtual Instrumentation with Real T1me Module

« IDE, GUI development, ATE drivers, measurements,
analysis

« Communication interfaces
« Automatic Test Equipment
« Thermal chamber




R ——
Futuristic Development/Test/V&V in C

» Control ATE using algorithms e.g., in-orbit wattage
profile, power management

 C data types: access to ext. sims thru TCP/IP sockets

» Interface with HDL EDA (VHPI/VPI)

» Custom protocols e.g., for thermal chamber

» FPGA interface C API

» Low-level system
debugging and —— x  powrs

precision o 5 ' SR
exeCUtion Uswem ' -Ti VxWorks RTOS




Goals of Automation

« Co-engineering

- Efficiency (time, resource and cost control)
- Acceptance level testing

 Product profiling, test report

» Theses and internships

- Not to find hardware/ Conceptor .. OPRen
perations and Maintenance
software bugs profect\  Requrements """ system
¢ on Arch?&%tur. and Vl‘l:(a!:tolto‘n

Integration,
Detalled Test, and Project
Design Verification Test and

Integration

implementation

>
4

Time



{ Survey | | Themal Chamber | STX Dashboard | Agient N9010A | Humidty Sensor | Aglent 344054 | Auto T-func | Aglent E3631A
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Testbed & Automation Features

» Event-driven, human interface
« DUT configuration (e.g., FPGA registers)
- Encapsulation
s Test methods and test logic
» ATE configuration
« Measurement visual display
- Ilities
s Modular (multiple, independent developers)
» Readable (common enforced style for VIs)

= Tabular (abstraction for test centric, ATE centric and
product centric views)

= Scalable (limited versions)
» Re-usable (common ATEs, tests methods)
» Adaptable (product variants)
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DUT Configuration Loop
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Functional Test Loop

Simulators, Emulators, Debuggers

Payload Hardware/Software:. Bus Hardware/Software
- Optical - OBC
- Comms EPS

Etc.

ATE on Instrumentation Bus



@ Device Fusion v.01 O

| Survey | Themal Chamber | STXDashboard | Aglent NSO10A | Humidty Sensor | Agient 34405A | Auto T-Func | Agient E3631A |
F'SATI
Agilent N9010A Output I
Scrmenshat | | DAMSE\ |Screenshot png o]
V| Ihcrement?
FullScreen
31 [Load Reg Configuration
Spektrum Analyser 89600B Software
Channel Power Occupied BW ACP
MW] [a.gassmvs;\m]
89601 VSAintem | | Sngle Measurement |
' Load Configuration from Fie | | Load Corfiguration from Fie | | Load Configuration from File |
e corvs o corig o corie | Continous Measurement |
(Screenshet VA wten
'Read Channel Power |
VISA Adress Spectrum Analyzer
TCPIP0:2n9010a-61073::5025-SOCKET ]
VISA Adress 896018 - Frror Code
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Thermal Test Loop

Debuggers

Payload Hardwar
Software
- Optical
- Comms

ATE on Instrumentation Bus

Bus Hardware/
Software

- OBC

- EPS

- ADCS



Device Fusion v. 2
| Suvey | ThemalChember | STXDashboard | Agient N9010A | Humidky Sensor | Agient 34405A | Ado T-Func | Aglent E3631A |

=
Thermal Chamber MKT 115 S [F_ SATY
Themnal Chamber Control v
[Tmaln'n'c Risetime inmin | Measurements ]
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0.00 000 0 | Set Temperature 10
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[ Suvey | Ihemal Chamber | STXDashboard | Aglent N9010A | Humidty Sensor | Aglent 344054 | Aso TFunc | Agient E3631A |
Power Supply E3631A
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Device Fusion v.01 son|oEh
| Survey | Themmal Chamber | STX Dashboard | Aglent NS010A | Hymidty Sensor | Agilent 34405A | Auto T-Func | Agient E3631A |
F'SATI
Temperature Extern
Value
Humiditym Send T Raques
e il
l Send Bytes Humiity Recuest
Dl 9714 |2 ][ |1se]
Send T-Request | | Send H-Request
Read T Read H
Max COM-Port
g0
Select COM-Port  SelectBavs-Rase  SelectParty  Select Data-Bits Connecton Status
| B G & Standby |




moevioe X

| Suvey | Themal Chamber | STXDashboard | Aglent NSOT0A | Humidty Sensor | Agient 34405A | Ao T-func] | Aglent E3631A |

F'SATI

Automated Thermo-Functional Testing of ZACUBE-2 Flatsat

|

RDEFD
52768 i1pt CVICALLBACK AutoCheckN9010ASetup (int panel, int control., int event, -urement
gg;g ( void #callbackData. int eventDatal. int eventData2)’
52798 switch (event)
5280 {
5281 casze EVENT_COMMIT:
5282
5283 //Tast avery Window
5284 int ExrrorN9010CP = 0:
5285 int ErrorNS0100BW = 0
5286 int ExrrorN9010ACP =« 0;
gggg int ExrrorN9010VSA = 0:
5289 1f(AutoStateCPScreenShot == 1)
5%20 ExrorN9010CP = N9010ASwitchScreenCPExt():
5291
5292 Sleep(1000):
5293
5294 1f(AutoStateOBUScreenShot == 1)
2%25 ExrrorN90100B¥W = NS010ASwitchScreenBVExt():
296
5297 Sleep(1000):
5298
5299 1f(AutoStatedCPScreenShot == 1)
2%80 ExrorN9010ACP = NS010ASwitchScreenACPExt():

1
5302 Sleep(1000):
5303
53040 1f(AutoStateVSAScreenShot == 1){
5305 ExrorN9010VSA = NS010AStartVSABExt():
5306 Sleap(4000);
5307 N9010AStartSAExt():
5308 }
5309
5310 Sleep(1000):

L2111

5500 |

COM& ¥/ COM-Pott STX Dashboard

COM5 ¥ COM-Pot Humidty Sensce 0
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Agilent Spectrum Analyzer - Occupied BW
K L RF 1soQ  ACc | | SENSE:INT A\ ALIGN OFF 01:56:41 PMDec 08, 2015

Center Freq 2.200000000 GHz Center Freq: 2.200000000 GHz Radio Std: None
Trig: Free Run Avg|Hold>10/10
#IEGain:Low #Atten: 10 dB Radio Device:BTS
10 dB/div Ref 41.41 dBm
Log
31.4
14
1.4
1.41 —
Center 2.2 GHz Span 2 MHz
Res BW 18 kHz VBW 180 kHz Sweep 7.4 ms
Occupied Bandwidth Total Power 23.7 dBm
1.2124 MHz
Transmit Freq Error -39.017 kHz OBW Power 99.00 %
x dB Bandwidth 1.928 MHz x dB -26.00 dB

wmsG AJFile <24dBm 40.0°C 15 CP.pna> saved STATUS



Agilent Spectrum Analyzer - ACP
K L RF

Center Freq 2.200000000 GHz

soe ac | | | SENSEUNT i\ ALIGN OFF

Center Freq: 2.200000000 GHz

01:56:44 PMDec 08, 2015

Radio Std: None

Trig: Free Run Avg|Hold>10/10
- IFGain:Low #Atten: 10 dB Radio Device:BTS
Ref Offset 31.41 dB
10 dBidiv Ref 40.00 dBm
Log
300 ' 23.7/aBm :
200 | 243 dBc - -247 dBc
100
0.00
n M ’:...-. b Mabbat
Ul e
‘." b a T
R PTGl o e T e
0.0
40
A0
Center 2.2 GHz Span 8 MHz
#Res BW 220 kHz VBW 22 kHz Sweep 20 ms
Total Carrier Power ~ 23.720 dBm/ 2.00 MHz ACP-IBW
_ Lower Upper
Carrier Power Filter  OffsetFreq  Integ BW d8¢ dBm dBc dBm  Filter
‘ 23 730 dBm 2000 MHz 2000MHz -2430 -0571 -2469 .0959 OFF
msG AJFile <24dBm_40.0°C_15_OBW.png> saved STATUS




WiP
s Compact TM & Command Radio

Future Work

= Helmholtz coil e
- EPS simulation/in-orbit solar panel emulation
s Susceptibility test in reverberation chamber

« OBC | i ¥ 4
- HIL ‘
s EM model




