
Nyameko Royi

E-mail: RoyiN@cput.ac.za

Contact Number: +27 21 959 6654

Mobile: +27 65 935 1326

CPUT’s Satellite Programme.

mailto:RoyiN@cput.ac.za


African Space Innovation Centre 
(ASIC) at CPUT “niche area” is the 
nanosatellite engineering 
technology

CPUT utilised this centre as post graduate 
training facility in satellite engineering.  

Successfully demonstrated with the first SA’s 
student nano satellite mission:

ZaCube 1: Tshepiso Sat

(launched Nov 2013)

• Primary payload: HF Beacon

• Hosted payload: Visible Spectrum Imager 



Zacube-1 – Primary payload. 

• SANSA (HMO) operates an HF space 

weather radar at the SANAE base in 

Antarctica (Dual Auroral Radar 

Network).

• 16 element antenna array to transmit 

signals into the ionosphere.

• Analyse ionospheric density over time

• The whole antenna array is hundreds 

of meters in size and very difficult to 

characterise on the ground.

• One solution to characterising the 

array was to emit a beacon signal 

from a satellite and measure the 

signal received by the array.

ZaCube-1 payload descriptions.

ZaCube-1 – Secondary payload

• The imaging payload captured images of the 

earth's surface and stores these images on-

board in a digital format for download.



South African Oceans 
Economy through ZaCube-
2 Demo mission

• Operations Phakisa (Maritime Domain Awareness)

• Operation Phakisa is an initiative of the South African 
government.

• It is a fast results delivery programme that was launched in 
July 2014 to help implement the National Development Plan.

• It is a cross-sector programme where various stakeholders 
engage to implement initiatives that would enhance the 
development of SA’s economy. 

• Oceans economy was identified as one of these initiatives. 

• A need was identified under Operation Phakisa’s Marine 
protection services and governance (MPSG) focus area.

• MPSG Lab developed 10 key initiatives, one of which is the 
National Ocean and coastal information system (OCIMS) and 
as the extension of earth observation capacity.



ZaCube-2 Payload 
Technology Demonstration

ZaCube-2: Launched 27 Dec 2018

ZaCube-2 mission objectives 
were re-aligned and augmented 
to allow the satellite to function as 
a precursor mission for the 
Operation Phakisa “MDASat” 
constellation. ZACUBE-2 was 
utilised as a technology 
demonstrator for essential 
subsystems required in 
operational nanosatellite 
missions. 

•Primary payload - AIS capability utilising 
an SDR. 

•Software defined radio utilized to receive 
AIS massages from Ships

•Over SA’s exclusive economic zone.

•Hosted payload – K-line Near Infra-Red 
Imager demo. 

•Vegetational fire detection

•Imager operates in part of the light 
spectrum where Potassium emissions 
are found and be detected. 



MDASat-1 (a, b and c) constellation 

Launched 13 January 2022

MDASat was built on the heritage of 

ZACube-2 to demonstrate an 

expanded capability and data delivery.

- One of the goals of this constellation 

was to supply data to the OCIMS.

The first 3 satellites of the MDA 

constellations carried an improved AIS 

payload compared to ZACube-2, with 

these additional functionalities and 

improvements: 

- Over-the-air upgrades, 

- Capture raw data ,

- Long Range AIS 

- Improved efficient messaging 

scheme.

Maritime Domain Awareness 
Satellites (MDASat-1)



Early Operations (Jan and Feb 2022)

Commissioning of MDASAT-1 Complete

Current Operation MDASAT- 1

Maritime Domain Awareness 
Satellites (MDASat-1)

Current study of the constellation and 
lessons learnt from the deploiment



M2MSat- (VDES) 
Demonstrator

• Demonstrate machine to 
machine message 
transmission (i.e. ship-to-ship).

• Demonstrate machine to hub 
message transmission (i.e. 
ship-to-shore).

• Demonstrate hub to machine 
message transmission (i.e. 
shore-to-ship).

• Reception of AIS messages in 
the AIS1, AIS2 and LR-AIS 
channels.

Image from IALA Guideline: G1117 VHF DATA EXCHANGE SYSTEM (VDES) OVERVIEW



M2MSat-1 Development progress 

Soft-stack and EQM Integration 



Off-the-shelf 
nanosatellite 

products 
generated 

from the ASIC 
programme

CubeSat Communication Subsystems

S-Band and X-Band Antennae



CubeSat Communication Subsystems 
VHF/UHF and S-band Radios



Engineering Research Facilities

(1) Production area (2) FM area



Engineering Research Facilities

(1) Clean room

(2) Ground station

Supports:

• VHF, UHF, and S-band

• 1.2kbps AFSK and 9.6kbps GMSK

uplink or downlink.



Engineering Research Facilities

(1) Thermal cycle chamber

(2) Workspaces and classrooms



Conclusion

The satellite missions presented here 
are displaying progress towards 
developing a sovereign capability in 
space technology development and 
educational training for developing 
countries like South Africa.



THANK YOU

BAIE DANKIE

ENKOSI
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