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PART I :  STORY OF MY RECENT PROJECT

GALASSIA-2



G a l a s s i a - 2
Precision agriculture from space.
(2017 - 2018)

With the large swath width and four spectral bands, Galassia-2 is
ideal for agriculture remote sensing. Analytics drawn from the
images is applicable for agricultural commodity trading and food
security purposes. The project is currently moving toward the
Critical Design Review and planned for launch in Q1 2019.

Problem Statement

The usage of satellite imagery in the agriculture industry is
crucial. However, forecast data, e.g. USDA’s corn yield prediction
is only updated once in a month. Industry players such as food
producers, commodity traders, insurance companies and even the
farmers need a more reliable and frequently updated source of
data to better understand the behavior of the supply chain
throughout the seasons.

Solution

With the maturity of miniaturized and low-cost electronics, a
constellation of tens to hundreds of nanosatellites can now be
deployed to provide daily global coverage at a fraction of the cost
of a single traditional large satellite. By training an Artificial
Intelligence with frequent data updates, a more precise and
frequently updated forecast can be generated. Galassia-2 is a
nanosatellite specifically built for this purpose. The camera
sensor is capable of capturing spectral bands invisible to the
human eyes such as Near Infrared, which is able to measure
chlorophyll levels for crop health assessment.

Galassia-2’s multispectral camera payload and a sample post-processed 
image taken at a backyard. Red indicates higher chlorophyll content. 

Artist’s rendering of the Galassia-2 nanosatellite

4



System Design

The system design of Galassia-2 is mainly driven by the mission
requirements. For example, the operation time of the image
capture and data downlink defined the sizing of the satellite’s
solar panels and batteries, given other factors such as eclipse,
charging time, and long-term effect on the battery’s capacity.

As a newcomer in the industry, our system design also faced
trade-offs from other factors such as short development time,
tight budget and the team’s individual talents. For example, we
accelerated our development by leveraging on USB-interfaced
camera and high-speed radio, which then drove the choice of an
Intel Atom single-board computer as the payload processor.

Mission Requirements

Our mission objective is twofold: to successfully demonstrate
agricultural health monitoring using a nanosatellite and to build
up the capability of National University of Singapore’s Satellite
Technology and Research Centre through qualifying in-house
developed subsystems in space.

First, a set of mission requirements have to be defined. We
decided to monitor agricultural fields in the USA, as one of the
world’s largest producer of highly valued commodity crops such
as corn and wheat. Based on existing agriculture imagery
products, we also defined the images captured to have a large
swath width of
80 km, medium resolution of 40 m and maximum error of 10 km.
Together with analyses performed using orbit simulations such as
the area-of-interest (AOI) viewing time and ground contact time,
these requirements influence the system design of the satellite. Click to watch Galassia-2’s orbit 

simulation.

Galassia-2’s system block diagram.
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Project Management

Although a nanosatellite is much cheaper than a traditional large
satellite, it still bears the nature of every space project: low risk
tolerant and complex (involving many subsystems). Managing
such a complex project generally encompasses three functions of
project management: technical, team, and cost and schedule
management.

Our project is funded by NUS Engineering Design and Innovation
Centre (EDIC) and a grant from the Singapore-MIT Alliance for
Research and Technology (SMART). Currently the team consists of
4 lead engineers and 19 multidisciplinary student engineers,
divided into the various functions both at the space and the ground
segments. Even though I am heavily involved in all three functions
of the project management, my primary role is to lead the
development of the core flight software and the Guidance,
Navigation & Control subsystem.

Core Flight Software

The core flight software is the heart of all activities. Galassia-2 is a
distributed system, which means every subsystem has its own
processor, communicating to each other over a network. However,
the core flight software running on the flight computer is the
manager that orchestrates the overall operations, including
scheduling tasks when the satellite is out of sight and
autonomously collecting data from other subsystems.

Satellites are prone to random errors such as bit flips due to
radiation in the outer space. Hence, a key aspect of Galassia-2’s
flight software is reliability. To ensure reliability, the core flight
software is designed with fault tolerance mechanisms from day
zero. These include onboard storage redundancy and watchdog
timers. Additionally, the core flight software is upgradable over-
the-air, opening possibilities for bug fixes even after the satellite
is launched.

Our timeline adopts the NASA Project Life Cycle, overlaid with 
the university’s calendar.

Galassia-2 flight computer’s software state diagram.
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Guidance, Navigation & Control

As implied from the name, the Guidance, Navigation & Control
subsystem (GNC) has three roles. The Guidance and Navigation
part runs a sophisticated software algorithm to determine where
the satellite is located and where it is pointing at any time
throughout the orbit with the help of GPS and other sensors
including gyros, sun sensors, and magnetic field sensors.

The Control part is responsible for making maneuvers to point the
camera to the area of interest on Earth and to point the solar
panels to the sun for optimum power generation. In order to make
such maneuvers in free space, Galassia-2 is equipped with
actuators called the reaction wheels that work by the principle of
conservation of angular momentum.

Mission Control and Tasking Software

The Mission Control and Tasking Software (MCTS) is a web app
designed to interface with Galassia-2. As a generic ground control
software, it is able to track the location of every Earth orbiting
satellite. Once Galassia-2 flies over the ground station in
Singapore, the MCTS will be used to send commands to the
satellite and download the images and other useful telemetries.

Unlike the other parts of the Galassia-2 project, user experience is
paramount in the development of MCTS. One example is its
prominent feature to plan imaging missions for Galassia-2. Users
can draw areas to be photographed on the Google Maps interface
and specify mission constraints such as the number of pictures to
be taken. Not only the software serves its function, but also
provides an intuitive experience for the satellite operator.

Image capture mission planning on the MCTS web app.

Galassia-2 Guidance, Navigation & Control (GNC) subsystem.

Reaction WheelsMagnetic Torquers

Daughterboards: 
GNC Computer and GPS

Motherboard

7



System Integration

Once the subsystems are fabricated and individually tested, the
next step is system integration. There are generally three kinds of
integration: mechanical, electrical and software integration.
Smooth integration is challenging, but making use of Interface
Control Documents (ICDs) from every subsystem helps.

To continuously develop the flight software and test the overall
satellite operations, the subsystems are harnessed and laid on a
table in a configuration called the “FlatSat”, which allows probing
of the data lines. This process of software development and test
continues until no hardware modifications are foreseen. To ensure
reliability and eliminate wear and tear issues, a set of “flight
units” is then fabricated for the actual integration and launch.
Major software development and test is done on the FlatSat and
tests are kept minimum on the flight units.

Test: Verification and Validation

Verification is done to make sure we have built the product right,
whereas validation is done to make sure we have built the right
product. These tests are generally done at the function level (a
certain product can fulfill its performance requirements) and at
the qualification level (a certain product can fulfill its performance
requirements in the anticipated environmental conditions). To
simulate the right environment, a certain set of equipment have to
be used, such as thermal vacuum chamber to simulate the rising
and falling temperature in space, vibration table to simulate the
vibration and shock induced by the launch vehicle, and Helmholtz
cage to simulate the Earth’s magnetic field in space. Once the
system level tests are passed, Galassia-2 will be ready for launch.

Left: Testing the camera and payload computer in a thermal chamber.
Right: Testing the guidance system in a sun and magnetic field 

simulator.

Left: Galassia-2 subsystems being tested in a “FlatSat” configuration.
Right: Internal view of Galassia-2 once the subsystems are integrated.
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Moving Forward

Started in July 2017, the Galassia-2 project is now moving toward
the Critical Design Review (CDR), which is the final design review
before the Flight Readiness Review (FRR). Subsystem level
development and tests are completed and we are currently at the
stage of system level integration, verification and validation. With
today’s progress, the launch date is planned for the first quarter
of 2019.

Our ambition to successfully develop an advanced remote sensing
nanosatellite from concept to launch in less than two years will be
put to the test. The team cannot wait to launch Galassia-2 and
receive its first image from space.

Mission Operations and Data Collection

After Galassia-2 is launched, the first task will be to commission
the satellite hardware and software on orbit, i.e. to verify the
functions down to the component level before proceeding to
actual imaging operations. Following the commissioning process,
which will take up to 3 months, Galassia-2 will be ready for daily
operations. At a Sun Synchronous Orbit, the ground station in
Singapore will only be able to contact the satellite 2 x 6 minutes a
day. Therefore, different kinds of operations are planned ahead
and managed with priority levels.

On top of inheriting the ground station infrastructure from our
previous nanosatellite project, we will also utilize a 13-m satellite
dish owned by the Centre for Remote Imaging, Sensing and
Processing (CRISP) at NUS to download the images from
Galassia-2, which are relatively larger than common telemetries.

13-m reception antenna at NUS CRISP.

Galassia-2 exhibited at the 10th Global Space and Technology 
Convention 2018 in Singapore.
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SELECTED PAST PROJECTS

2012 - 2018



G a l a s s i a
World’s first demonstration of spaceborne quantum entanglement.
(2014 - 2017)

Galassia is the first nano-satellite from the National University of Singapore. 
Launched on December 16, 2015, it has two primary scientific missions: 
(1) demonstration of entangled photon source in space and (2) characterization 
of atmospheric Total Electron Content. The project won ASEAN Outstanding 
Engineering Achievement Award in 2016.

Click here to watch our launch and One Year Anniversary video
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B l a c k s m i t h  G e n e s i s
All-in-1 3D printer & scanner.

(2014 - 2015)

Genesis features an innovative rotary platform allowing the 
machine to perform 3D printing and scanning on a single 
platform. Live monitoring over the internet is also made 

possible through the same camera used for scanning. Our 
startup successfully raised funding on Indiegogo and 

delivered more than 60 units worldwide.

Click here to go to our Indiegogo page
Click here to watch the 3D printing in action

Click here to watch the 3D scanning in action
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C l y d e  V R
Liberating exercise bikes.

(2015)

Exercise bicycles are boring. Clyde VR offers a full 360°
viewing experience as if you are cycling on the street and the 

wearable anklet tracks your performance such as the 
distance traveled and calories burned. The prototype was 

exhibited at the 6th STePS and won Best Project Award. 

Click here to go to our project blog
Click here to watch our project video
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N a t a l i a
Promoting prenatal care through text messages.
(2015)

Based on the information from an existing clinic database 
such as names, due dates and clinical conditions, Natalia 
automatically sends informative messages and 
appointment reminders to promote appropriate prenatal 
care. The prototype was demonstrated at the Maternity and 
Child Health Polyclinic at Jatinegara Community Health 
Center, Jakarta, Indonesia.
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F O S E
Wireless structural health monitoring 

based on fiber optic.
(2012)

FOSE forms a wireless network of sensor nodes deployed in 
sensitive locations of a building to monitor its structural health. 

With the patented plastic optical fiber sensor from Dr. K. S. C. 
Kuang, FOSE can detect cracks early and send notifications over 

mobile and 
internet services.
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B a l l o o n S a t
Demonstration of satellite capabilities on board a balloon.
(2012)

BalloonSat is a freshman project with the purpose of training hands-on engineering 
skills. The flight electronics consist of a gimbaled camera, a microcontroller and 
ambient sensors such as air quality and temperature. On the ground, a base station 
comprising a remote control and a GUI is responsible for telemetry acquisition.

Click here to watch the balloon launch video
Click here to watch BalloonSat's on board camera video
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o To
DIY Segway-style scooter.

(2012 - 2013)

Powered by an Arduino, an inertial measurement unit 
and motors from a scrapped electric wheelchair, oTo 

can run up to a modest 20 km/h. Most parts of the 
structure were made from scrapped steel plates and 
tubes, which were cut, shaped and welded at a local 

workshop. 

Click here to watch oTo's first test drive video
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P ow e r b a n k
The 2nd greatest invention after the smartphone.
(2012)

In 2012, powerbanks were not as popular and cheap as 
today. Hence, this DIY powerbank came to life. It features 
two 1000 mAh Lithium Polymer batteries, a USB charging 
circuit, a switch and an LED.

18



M i s c e l l a n e o u s
Model making, logo and T-shirt design.

(2014 - 2018)

Showcasing some of my design work involving 3D printing, 
laser cutting, painting and graphic design.
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