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THREE-PHASE DEVELOPMENT PLAN OF THE EMERGING GHANA

SPACE PROGRAM

Ghana Space Agency and set up an initial three phase :
development plan for 2011 -2015 L =

* Phase 1:Year 2011 |AGompisheanny] b

» Establish Space Technology Center

e Phase 2 : Year 2013 | Accomplished |

» Establish Space Technology Institute

* Phase 3: Year 2015 [NotAccomplished

* Establish Space Agency




Collaborative effort with South Africa to be part of the Africa Very Long Baseline Interferometry (VLBI) Network

(2011-2017)

* Purpose : To build human capacity in radio astronomy in Ghana

Milestones for Science Operations Readiness

@ Milestone 1: Science Commissioning Phase 1 after successful
Engineering Release 1 (November 2016 — June 2017)

@ Milestone 2: Science Commissioning Phase 2 after successful
Engineering Release 2 to complete the conversion
process (January 2018 — March 2018)

@ Milestone 3: Preliminary Science operations in VLBI and non-VLBI
modes (April 2018 — September 2018)

@ Milestone 4: Successful Science operations in VLBI and Single dish
modes at this stage signifies quality science readiness
of the radio telescope (October 2018 — June 2019)

President Akufo-Addo Launches Ghana Radio Astronomy
Observatory

,,,,,,

Ofﬁc1ally Launched n August 24 20 17

32M Telecom Parabolic Dish Antenna converted to Radio
Telescope located at Kuntunse in the Eastern Region of Ghana

http://presidency.gov.gh/index.php/2017/08/24/president-akufo-addo-launches-ghana-radio-astronomy-

observatory/




UN-COPOUS Membership and Treaties

e (Ghana 1s a member of UN-COPOUS since 2013

\{@:‘g UNITED NATIONS
XS ZE Office for Outer Space Affairs

About Us ~ Our Work ~ Benefits of Space ~ Information for... ~ Events ~ Space Object Register ~ Docum

Membership Evolutior

Committee on the Peaceful Uses of Outer Space: Membership
Evolution

2013 75 A resolution ¢ £ Albania, Algeria. Argentina, Armenia, Australia, Austria, Azerbaljjan, Belgium, Belarus
Benin, Bolivia, Brazil, Bulgaria, Burkina Faso. Cameroon, Canada, Chad, Chile, China

Cc abila, Costa Rica, Cuba, Czech Republic, Ecuador, Egypt, France, Hungary, Germany

*reece India, Indonesia, Ilran, Iraq, Italy, Japan, Jordan, Kazakhstan., Kenya,

oh. Libya, Malaysia, Mexico, Mongolia, Morocco, Netheriands, Nicaragua, Niger

Nigeria, Pakistan, Peru, Philippines, Poland, Portugal, Republic of Korea, Romania, the
Russian Federation, Saudi Arabia, Senegal, Sierra Leone, Slovakia, South Africa, Spain

http://www.unoosa.org/oosa/en/ourwork/copuos/members/evolution.html

Year STSC Activities LSC Activities
2013 Present Present
2014 Absent Absent
2015 Absent Absent
2016 Absent Absent

2017

Absent Absent




=, International Agreement relating to activities
Outer Space as at January 2016

State, area or
organization (1) (2) (3) (4) (5)
1967 1968 1972 1975 1979
Ghana OST ARRA LIAB REG MOON
S S S

R: ratification, S: signature only

OST (Outer Space Treaty) i“:"Ef:tdy;nc;nﬂl:’;'ir;:l:;p;isande;er?%t;::;ij\ggz?;f otates in the Exploration and Use of Outer Space,

ARRA(Rescue Agreement) Agreemenlt on the Rescue of Astronauts, the Return of Astronauts and the Return of Objects
Launched into OuterSpace

LIAB (Liability Convention) Convention on International Liability for Damage Caused by Space Objects

REG (Registration Convention) Convention on Registration of Objects Launched into Outer Space

MOON (Moon Agreement) Agreement Governing the Activities of States on the Moon and Other Celestial Bodies



All Nations University (ANU) Space Activities

The first Private University contribution towards the sustainable Space
Activities in Ghana



of ANU

School of Engineering

First to propose the
idea of private
university in Ghana
in the year
1988

o
-

/ DrSamuc\e}Dg or, Founde ; _eﬂste
* Founded in April 1996
* 3000 Undergraduate students

. ». 160 Academic Staffs /
e Vision re - i
* Provide higher education, pursued in a environment of truth g B ' =
and integrity. T ‘_T =
* Mission R Shool Biness and Nursing
* Provide quality higher education that promotes
development and to raise leaders with values and ethics to http://anuc.edu.gh/home/aboutus/5/aboutus.html

serve society. 8



All Nations University Space Science and Technology
a— Laboratory (ANU-SSTL)
 Established in February 2012

* Under the auspices of Electronic and Communication Engineering Department
 Staffs: 6 A " A sy I il

| MISSION

To promote and build human capacity in
the area of space science and satellite
technology through innovative research
and development of educative projects for
the benefit of society




ANU-SSTL Milestones

CANSAT Project

VHEF/UHF Amateur Ground Station

2012|—2013

2013-2014

Aerosol Robotic Network
AERONET Project
2015-2016
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Ghanasat-1 Project

First Ghana Satellite into Orbit

11



Why ANU decided to Sign MoU to choose Kyushu Institute of
Technology?

1. ANU to build human capacity in
space science and technology

2. ANU to be the first in Ghana to
develop first Ghana satellite into
Orbit

3. ANU to lead space activities in
Ghana at the university level to
contribute to the sustainable space | .
program in Ghana

ANU visited Kyutech in May 2015

12



Memorandum of Understanding (MOU) Between All Nations
University(ANU) and Kyushu Institute of Technology (Kyutech)
= ™ =

=ﬁi‘— .‘ : / |
* Official signing ceremony : January 6 ,2016
* Aim

* To train ANU sponsored students studying at Kyutech to build their capacity in
satellite technology and build the first Ghana satellite to contribute to the
sustainable space activities in Ghana

13



A))

kA BIRDS Project

Joint Global Multi-Nation
Project”

Birds Project is initiated by Kyushu Institute of Technology (Kyutech), Japan, through its Laboratory of Spacecraft Environment
Interaction Engineering ( LASIENE). . - - -

Proposed Date : July 17 July , 2015
Kick Off: 22 October ,2015

irds (JGMNB): Satellite program for non-space faring countries. Shortly called as “BIRDS

Bangladesh

s
L)
I=l

Nigeria

Mission Statement

Successfully building and operating the first national Cubesat and making the foremost step
toward 1ndigenous space program at each nation. 14



Objectives of Birds Project

“*Demonstrate that a 1U CubeSats can be built and operated
successfully 1in a time frame shorter than 2 years even for countries
with limited (or zero) satellite experience with proper design and
planning.

“*Demonstrate that a constellation of 1U CubeSats can have synergetic
mission value and capability via international Co-operation.

** Demonstrate that a sustainable and robust space program can be
started with minimum budget at universities in emerging or
developing countries.

“* Demonstrate that competition and collaboration among student
members accelerate satellite development process and enhance the
satellite quality:.

“*Obtain key experiences regarding operation of satellite constellation.
15
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Launch

FDR; Flight Readiness Review

~ PDR; Preliminary Design Review

SDR; System Design Review

@ MDR; Mission Definition Review

16



Mission of GhanaSat-1 and other Birds
Satellites

** Take monitor the coastal belts of Ghana and

other neighboring countries
-Employed 2 Cameras (SCAMP at 0.3MP, OV5642 at SMP ).

¢ Digi-singer Mission (SNG)
-Exchange of voice data from satellites to Ham Radio receivers (UHF
band)
-An initiative aimed at stimulating interest in science, technology,
engineering and mathematics (STEM) education in high schools and
tertiary institutions.

¢ Measure Single Event Latch-up in orbit (SEL)

-By taking log of microcontroller reset events over period of time.




% Mission of GhanaSat-1 and other Birds
Satellites

+* Determination of Satellite Precise Location

(POS) without GPS N

-Using analysis of Time Of Arrival (TOA) from time lag
among multiple ground stations

L/

» Atmospheric Density Measurement (ATM)

-Using Orbital analysis from precise satellite tracking
information (POS).

*+* Demonstrate Ground Station Network for
CubeSat Constellation (NET)




Ghanasat-1 Development
Phases

19
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Ghanasat-1 Parameters

1 : : Front
* Ghanasat-1 1s an educational satellite Access On-Board | [ Battery .
* Ghanasat-1 1s a 1U Cubesat board Computer Box

Mass : 1.11kg
Size: 10cm x 10cm x 10cm

Operating Frequency: VHF /UHF
. VHF: 145MHz-146MHz (Uplink) 1 =)
« UHF:435MHz - 438MHz (Downlink) e Antenna

Deployment

Suthsvstem

Modulation Scheme
« AFSK
« GMSK

Data Throughput
* 1200bps
* 9600bps

 RF Transmit Power
e Modulation:27dBm (0.5W)
e Unmodulated: 30dBm (1W)




Bread Board Model (BBM) Development Phase
(Activities)

Brainstorm session Design , Development and Functionality Test

Results are been presented during the Birds Meetings and the team should be ready to face questions,
and comments .

21



Engineering Model (BBM) Development Phase
(Activities)

Assembly and Integration

Long Distance Communication Test (Link Margin 27di§) 22



Engineering Model (EM) of Birds
Satellite

EM of Birds-Satellite 1s a demonstration of team work among non-space
faring students to build a satellite through international collaboration -




Fit check and Safety evieEy JAXA
Officials
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Problem Encountered and Lesson Learned

Solar Panel Attachment , three solar panel was broken in the
FM development phase

wenan
R A
.....

s*Lesson Learned
1. Don't use broken components for FM development

2. Time and schedule is very critical in satellite
development

25
Structure Assembly and Fit check Acceptance Test



First Birds International Workshop

e Date: June 27 -29 , 2016
* 3 days Workshop

* Day 1: Presentation of Future Plans for Space Research and Education

* Day 2: Press Conference
* Day 3 : Signing Ceremony and Reception (Letter of Intent )

:::::

Mission Statement

To advance the Peaceful Use of Outer Space for the Benefit of Humanity by
using a Network of Universities conducting Space Research and Education




First Birds International Workshop

Day 1

o |
4 f o
-2/ 9
~

Thailand Team / President of Kyutech Mr. Oikawa
(Dr Pom, Dr Ammarin, Apiwat) {//Z Infostellar.. (Prof. Oie, far right) of JAXA. =2,

bV Taiwa Meeting Room

-~ 2nd Blrds Internatlonal Workshop shaII be hosted by All
Nations University
November 20 -23 , 2017
Koforidua , Ghana
Contact : dr(!::kyeremeh@arjuc.edu.gh




Birds Stakeholders Press Conference before Birds Satellites
Delivery to JAXA

-~

Dr Werner Balogh , UNOOSA and JAXA officials
congratulated the Birds Stakeholders for funding the Birds
Project and their effort to build an international human network
to build capacity in space technology in developing countries

The presentations by Kyutech and PNST graduates at this year's session of the United Nations
Committee on the Peaceful l;a:s af Du(cf Spa:e (COPL'OS) n 2 has been met with strong interest by
receiy

3. UNOOSA recognizes Kyutech’s ca pacity Member States and as a resu ore than 700 applications for the 2017

round of the PNST

building achievements, including BIRDS e i PR o BB o
(With this official Ietter) ;n:n‘aa tional Course (SEIC) are not only taught al
crpmmr but, :hrﬂughhan

and operation of satellites, ote
inwhi hKv e Bangladesh, and Mongolia
¢ complete theoretical land
akes K\'ue

Q@B UNITED NATIONS
Office for Outer Space Affairs

Dear Prof. Cho,

15 October 2016

1 would ke to take this. pprlumtt expre mcap
Outer Spac Aﬂhu(DOS\) d staff a

Dr. Carlene Kyeremeh (ANU rep ) thanked Kyutech i“m R L SR R i S S
Management and Birds Management for such an honor and e R s S

priviledge for Ghana to join the Birds Project UNOOSA recognize Kyutech’s capacity building
achievement including BIRDS Project 28
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GhanaSat-1 Team and BIRDS Project Team
Members before satellites delivery to JAXA

e Date : 8t February 2017

CIOANA

Ernest Matey (Left), Benjamin Bonsu Birds Project Team Members
(Middle), Joseph Quansah (Right)

29



Birds Satellites Delivery at JAXA

* Date of Delivery : 9% February 2017

Birds Team Members JAXA Team




Launch to International Space Station

Ghanasat-1 team and Birds Team celebrating after a
Launch June 3 2017 @ 5: O7pm successful launch of Birds Satellites to the International

GMT Space Station

* Launch Vehicle: SpaceX Falcon-9
CRS 11

* Launch Site: Kennedy Space
Center LC-39A

»

JUNE 3°7°, 2017, SATURDAY, @ 9:07 PM GMT at t

& e . ' ALL NATIONS
ana satellite to Space Y . y B ¢ UNIVERSITY C
" ’ ' A H[STORICAL "’i(o’r()mu,\ycgil,}nim

GIFT FOR GHANA @ 60

GHANA FIRST SATELLITE NAMED GHANASAT- 1
HAS OFFICIALLY BEEN ACCEPTED BY JAXA TO BE
LAUNCHED INTO ORBIT 2017.

A ALL NATIONS UNIVERSITY SSTL IS THE FIRST UNIVERSITY
IN WEST AFRICA TO COMMUNICATE
o WITH THE INTERNATIONAL SPACE STATION.

GHANASAT-1

b \( & SpaceX CRS -11 Dragon docked to ISS
'Live Stream gnkb elo w

https://www.nasa.gov/multimedia/nasatvyindex. htmi#public on June 5 . 2017
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* Deployment
* Date: July 7, 2017
* Time: 9:05 am UTC

Deployment of GhanaSat-1 into Orbit via ISS /Japan Klbo
Deployment System

TOKI

1 GhanaSat-1

Mazaalai
Innesha

3} Edusat]

Dr Donkor Founder of ANU delivers speech durlng JAXA |\ m, Ueeess
press conference after Ghansat-1 Deployment into Orbit .
N 2 | Sueassy g

L d

e
TOK®
1 GhanaSat-1

W EVEELET

- = : AC Onnesha
- - N o= - 2 o Q -4

= o= N geria Edusat] ! ! 3 . y _
= > \ > i -~ le™ | AN
: é ' ) ’ = . = , | ¢

\ B : z i\ r . »m “ ’ ]
'I* ; - == Video Courtesy [ — urtesy ‘m')' ¢ ]! ¢ ‘ \
. - [NASE AMIRAF | Kyushu Institute of Technology \SyT— kg SifTlIATHE Flagstaff Housejthe presidential palageliGhana)

" H la O 3 ) 1 h
Ghana Ambassodor, H.E Allotey Parker (in Whlte) with Gh on. [th'ls ltl 4 Wl;zu ,t h and J P OEmuE;atmn GO el attl?d tl eb I
JAXA president and other dignitaries at JAXA VVIP control anasat-1 tcam yutech an or maxing ana recognize in the globa



Ghanasat-1 Operational Status
(Ghana Ground Station )

. GS Call Sign : 9G2AA
. Locatlon

____________________________________________________________

i UHF Antenna VHF Antenna Rotator Yaesu G-5500 i
L (AZEL) |
___________ = i :
LNX-0430 LNA
Infostellar GS Network Module
Active RF Splitter RF Power
RF RF
ICOM IC-9100 Rotator
VHF/UHF Transceiver unit Controller

ARE 1000 SDR Audio PTT

Power

Data transfer Kantronics KPC-9612Plus
module 1—' Radio modem Rotator

Interface
Rs-232 Yaesu GS 232B -
- RS-232 — =T TR

Uplink/Downlink, CW, i 1] 1] “ ‘ " '
Tracking Software ‘
Computer

RS-232

TcR/P

Local GS configuration




e Ghanasat-1 Operational Status

* Reception of Beacon Signal
* Health Status Data

* Signal Strength reception 1s very weak \
e Patch Antenna pointing to ground AR TR % gl
 Passive attitude Control

e No mission Performed R RDETY. 7 At EaD

Next Action Plan Sat name Call-sign
* Upgrade Ghana Ground Station GhanaSat-1 signal reception decoded by Software
* Add Preamps to compensate for weak signal Define Radio Interface
reception
* Replace old Ground station Antennas with Higher
Gain Yagi Antennas( more than 20dB1) JG6YJIP
* Reduce antenna coaxial cable length 4 GHANASAT-1
« Distance from rooftop to control room is more than 100 gy ——————
meters ot e
* Or better relocate the GS antenna location near to the EASTERN REGION B
GS control room (less than 90 meter cable length is Hana. L.
preferable) ) =

~ Downlink Frequency: 437.MHz
GhanaSat-1 signal QSL card

34



Publications of Ghanasat-1

*3 7

£ I.

The GhanaSat-1 -
prototype was presented to the President of Ghana, His ' ’5 BELA E :
Excellency Nana Akuffo Addo at the flag staff o R
house. RS : % ~

The presentation was made by the founder and President
of All Nations University ,Dr Samuel Donkor and the

Registrar Rev Adriana Ion.
H. E Nana Akuffo Addo congratulated All Nations Univer-
sity for the historical achievement for the Country.

www.anuc.eaugh 10 GOd be the Glory!

¥

R DESRTT A T St b H WD W S —"
o _};J', %" E 5“5 a2~ h #» ) 2 5 | {_MODERN GHANA
- "-'-' - "47 e v;“» " et 7 - NEWS SPORTS AFRICA WORLD OPINIONS POLITICS BUSINESS DIASPORA LIFESTYLE ENTERTAINMENT ALL NAT]()NS
- - Mon ty 10, 2087, i) | wrwres. graphic " ‘6 UNIVERSITY COLLEGE
— News Archive Dossiers Elections 2016 General News Health News Local News Corruption Scandals Referer
Ghaulala launches — Ghana launches its ‘(“ NA
satellite into Parliament lauds Ghana first Space Satellite o - s
first satellite into space T T———

L1830ty 2017| ScVEnvhomment &g 07 July 2017  Africa GHANA FIRST SATELLITE NAMED
GHANASAT-1 HAS OFFICIALLY
BEEN ACCEPTED BY JAXA TO BE
LAUNCHED INTO ORBIT 2017.

']_yce —— .

A = ' v\g"_’ '3 7 y . The development team behind the satellite

WANUC.EDU

More than 70 articles has been published about Ghanasat-1 in both local and
international media 3




Future Plans

36



Registration of GhanaSat-1 under United Nations Register of
Objects Launched into Outer Space

Dr Samuel Donkor (Founder of ANU) met with Dr Werner Balogh ,UNOOSA to discuss about registration of
Ghanasat-1 and other matter at the control room of Laboratory of Spacecraft Environment Interaction Engineering
(LaSEINE) ,Kyutech. in January 25,2017

ACT

Authorization of Space Activities and the
Establishment of Ghana Space Registry
(Ghana Outer Space Act 2017)

Proposal draft was reviewed by Dr
Werner Balogh (middle) and Dr Pauline
Faure (second from right) and Ghanasat-
1 team in 27" February 2017

37



Future Plans

*» 2017- 2019 Establish sustainable International and Regional Cooperation for space activities

= Establish Ghana Space Agency

= Sign and Ratify United Nations five Outer Space Treaties
= Active Participants in UN-COPOUS meetings, and many more Proposals to the government

= Establishment of Ghana Outer Space Act
= Ghana Space Policy Act

%2018 - 2020 Run Accredited Bachelor Degree Space Program

s Opportunities for private universities to run space programs in Ghana

“+2018-2021 Ghanasat-2, 3U Cubesat

. Mission :Monitor illegal mining and Detect Water Pollution activities in Ghana

2018 — 2024 Assembly , Integration and Testing Facilities

=  Vibration Shaker

=  Thermal Vacuum Chamber (Up to 3U Cubesat)
=  Anechoic Chamber

=  (Clean Room

¢ 2019-2020_ Augmentation of Ground Station

= S-band Ground station

38



Future Plans

2019 - 2028 Human Capacity Development Program

 Establish Space Research Clubs in High Schools across the 275 constituencies in
Ghana

Establish Ghana Amateur Radio Station Network

Regional and National Competition of Launching and Deployment of CANSAT
* High Schools , Colleges and Tetiary Institutions
* International Collaboration

Space Meseum
Workshops and Conferences
Outreach Programs

Future Building of All Nations University Space Science and
Technology Laboratory (ANU-SSTL)
To be commenced in the year 2019

39



Conclusion

 GhanaSat-1 1s the first Ghana satellite launched into orbit

* The successful launch and deployment of the GhanSat-1 1s a huge
technological demonstration breakthrough for Ghana as a nation after 60
years of her independence

40



SUPPORT

ANU future plans seek support through
international cooperation to strengthen the human
capacity building towards the indigenous space
program in Ghana and Africa as a whole.

41



Recommendation

* The vision of Birds Project should be supported by UNOOSA and
other Organization to continue its effort in building human capacity
especially for non — space faring nations 1n the peaceful use of outer
space for the benefit of humankind.



Appreciation

 All Nations University Management Board

* Birds Project Team Members and Management
« UNOOSA

* ANU — SSTL Staff and Directors

* Kyutech

* Birds Network

UNITED NATIONS /AUSTRIA

?J.’ SYMPOSIUM

EEERRN PROJECT

Kyushu Institute of Technology
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Thank you for your Attention
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