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Abstract: The Ozone Dynamics Investigation Nano-Satellite (ODIN) is a CubeSat design proposed by
Chungnam National University as contribution to the CubeSat Competition 2019 sponsored by the Korean
Aerospace Research Institute (KARI). The main objectives of ODIN are (1) to observe the polar ozone
column density (latitude range of 60° to 80° in both hemispheres) and (2) to investigate the chemical
dynamics between stratospheric ozone and ozone depleting substances (ODSs) through spectroscopy of the
terrestrial atmosphere. For the operation of ODIN, a highly efficient power system designed for the specific
orbit is required. We present the conceptual structural design of ODIN and an analysis of power generation
in a sun synchronous orbit (SSO) using two different configurations of 3U solar panels (a deployed model
and a non-deployed model). The deployed solar panel model generates 189.7 W through one day which
consists of 14 orbit cycles, while the non-deployed solar panel model generates 152.6 W. Both models
generate enough power for ODIN and the calculation suggests that the deployed solar panel model can
generate slightly more power than the non-deployed solar panel model in a single orbit cycle. We eventually
selected the non-deployed solar panel model for our design because of its robustness against vibration

during the launch sequence and the capability of stable power generation through a whole day cycle.
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1. INTRODUCTION

A CubeSat is a small satellite classified as a nano-satellite
(satellites that are not heavier than 10 kg). The size of
CubeSats is commonly expressed in units of U where
1U indicates a 10 cm cube. Because of their low cost
and relatively short time span required for development,
the number of launched CubeSats has increased expo-
nentially since 2005 (Villela et al. 2019). Originally,
CubeSats served mainly as training tools for satellite
development. Nowadays, CubeSats are developed for
testing technologies and science mission concepts (Des-
selle et al. 2017; Tuzzolino et al. 2017). Recently, Cube-
Sats have been studied for various scientific missions on
lunar orbits (Song et al. 2019; Lee et al. 2017).

Since 2012, the Korean Aerospace Research Insti-
tute (KARI) has hosted CubeSat design contests for
universities and industrial companies to promote domes-
tic technological advancement in CubeSat building (Han
et al. 2017). Project ODIN is one of the six selected
participants in the ‘2019 CubeSat Contest — Science
Mission Part’. The main objective of the project is to
design a 3U (10 cm x 10 cm x 30cm) CubeSat to re-
trieve spectroscopic data of the terrestrial atmosphere.
Using the retrieved data we expect to be able to cali-
brate the ozone and trace gas (activated ozone depleting
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substances [ODSs]) column density of both polar regions
(latitudes 60°-80°) to enhance our understanding of the
atmospheric chemical dynamics in the stratosphere.

The ozone layer is the part of the terrestrial atmo-
sphere where the number density of ozone molecules
is the highest. It is located in the stratosphere (alti-
tudes 20-50 km) and prevents the penetration of UV-B
radiation which is harmful to many life forms. The
importance of monitoring the ozone column density and
ODSs has been evident since the first observations of sea-
sonal extreme depletion of Antarctic stratospheric ozone,
today known as the ozone hole (Farman et al. 1985).
Follow-up studies suggest that the Montreal Protocol,
an international agreement aimed at the protection of
stratospheric ozone established in 1989, was helpful for
the recovery of the ozone layer (Weatherhead & An-
dersen 2006). However, some observations indicate an
Arctic stratospheric ozone loss (Manney et al. 2011). In
addition, there is evidence for an increasing abundance
of the main ingredients of ODSs nearby China (Rigby
et al. 2019).

The scientific mission of ODIN is focused on the
detection of variations of the ozone column density above
both polar regions through ultraviolet-to-visible (UV-
VIS, 200-700 nm) spectroscopy. We aim at monitoring
the ozone density and ODSs density variations from
October through March covering a full cycle of the
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Table 1
Overall requirements of ODIN

Table 3
Length of ODIN avionics bus components

Category Requirements Component Length (mm)
Orbit 700 km Bus-2:
Mass Max 4 kg Battery 25
Mission Lifetime 6 months EPS Board 20
Control Method 3-axis On-Board Computer 15
Bus Voltage 33V,5V Interface Board 25
Bus Communication CAN/I2C/UART Total 85
Data Communication UART/I2C .
Control Frequency UHF Bus-1: .
Data Transmission Frequenc S-band UHF Transceiver + GPS Board 22
4 y S-band Transmitter 20
Magnetorquer Board 23
Table 2 Total 65
Compartments used in conceptual structural design
Subsystem Item Model Spectrometer
CDHS OBC DSW OBC Optical Camera Holes
ADCS Sun Sensor nanoSSOC-D60
GPS OEMT19
Reaction Wheel CubeWheel
Magnetorquer Board DSW MTQR
Interface Interface Board DSW Board
EPS EPS board nanopower p60
Battery nanopower bp4
Solar Panel Solar Panel 1U
Solar Panel Solar Panel 3U
COMM UHF Transceiver AX100 Y
UHF Antenna ANT430
S-Band Transmitter CPUT Trans Figure 1. Overall design of ODIN.
S-Band Antenna CPUT Pacth Ant
STS Structure 3U CubeSat Struc. amount of power generated during each orbit and the
Payloads (s);)‘:égfén(f;;?r EI?I))?/ UV-VIS total power consumption during the mission. Further-

Antarctic ozone column density which is distinctively
low in October and is fully restored by March. The
requirements for ODIN to successfully accomplish its
scientific missions are presented in Table 1. The design
lifetime of ODIN is one year, to monitor annual ozone
variations and annual flows of ODSs. Since we focus on
understanding the annual variations of ozone density,
chemical dynamics, and movement of ODSs, the required
minimum lifetime of ODIN is 6 months. Successful
completion of the ODIN mission will provide invaluable
information for understanding the current status of polar
stratospheric ozone.

In this study, we present the conceptual structural
design and comparative power system analysis of ODIN.
Since the structure of a CubeSat is restricted by the
frames of the cube elements and the mass of a Cube-
Sat is limited to 4 kg, an efficient arrangement of all
functional compartments is crucial. We arranged all the
required compartments inside the 3U CubeSat frame,
in compliance with the structural (volume) and mass
constraints.

Failure of electrical power systems is considered the
primary cause of CubeSat failures within 90 days after
ejection (Langer et al. 2016). For the design of a Cube-
Sat electrical power system it is essential to calculate the

more, since the design of ODIN depends on solar panels
(deployed or non-deployed) that cover the surface of the
satellite body, we have calculated power generation and
consumption for both varieties to identify the optimal
design for ODIN.

The list of compartments used in our models is
presented in Table 2.

2. CONCEPTUAL STRUCTURAL DESIGN OF ODIN

The structural design of ODIN is presented in Figure 1
which shows the non-deployed solar panel model based
on the simulation result described in next section. We
have set the z direction as the direction of expected
satellite motion, the z direction as the radial direction
(pointing away from the center of the Earth), and the y
direction as the cross product between the x and z unit
vectors. In this model, we have installed a total of nine
solar panels on three surfaces around the satellite body.
On the remaining surface, the payloads (optical camera
and spectrometer) and the S-band patch antenna used
for communication are placed. Another solar panel is
installed onto the payload surface. Each solar panel
consists of two solar cells. The efficiency and the power
generating capability of solar cells are specified in the
data sheet provided by Innovative Solutions In Space
(ISIS).

The configuration and distribution of the bus sys-
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Table 4
Mass budget of ODIN

Subsystem Item Mass (g) Ratio

CDHS DSW/OBC 100 3.19

ADCS SOLARMEMS TECH /nanoSSOC-D60 x 3 60 1.91

NovAtel / GPS(OEM719) 31 0.99

CubeSpace/CubeWheel(s) x 3 180 5.74

DSW / Magnetorquer board 225 7.18

Interface DSW/ Interface board 100 3.19

EPS GOMSpace / nanopower p60 (board) 80 2.55

GOMSpace / nanopower bp4 (battery) 270 8.61

ISIS / Solar Panel 1U x 2 100 3.19

ISIS / Solar Panel 3U x 3 450 14.35

COMM GOMSpace / UHF Transceiver AX100 24.5 0.78

GOMSpace / UHF Antenna Nanocom ANT430 30 0.96

Clydespace / CPUT S-Band CubeSat Transmitter 100 3.19

Clydespace / CPUT S-Band Patch Antenna x2 100 3.19

STS DSW/ 3U CubeSat Structure 800 25.51

Paylaod X-cam / Optical Camera 85 2.71

OceanOptics/HDX 400 12.76

Total 3135.5 78.39

Margin 864.5 21.61

Table 5
Instrument operation as function of flight mode

Part Standby IDLE Science Communication Momentum Dumping
OBC ON ON ON ON ON
S-band Antenna OFF OFF OFF ON ON
S-band transmitter OFF OFF OFF ON OFF
UHF Transceiver Standby Standby Standby ON OFF
UHF Antenna OFF OFF OFF ON OFF
EPS Board ON ON ON ON ON
Battery ON ON ON ON ON
Sun sensor ON ON ON ON ON
Magnetometer OFF ON ON ON ON
Gyroscope OFF ON ON ON ON
GPS ON ON ON ON ON
Reaction Wheel ON ON ON ON ON
MTQ OFF OFF OFF OFF ON
Spectrometer OFF OFF ON OFF OFF
Camera OFF OFF ON OFF OFF

tem of ODIN are shown in Figures 2 and 3, respectively.
We placed the science payloads (miniaturized spectrom-
eter and optical camera) together in 1U. These instru-
ments will perform imaging and spectroscopic nadir
observations of the terrestrial atmosphere. The spec-
trometer will provide spectroscopic information along
the target direction while the optical camera will provide
image data of the target region. The nadir observation
mode is selected because of its simplicity in control-
ling the satellite. In addition, prior satellite missions
conducted by NASA and ESA also adopted the nadir ob-
servation mode to retrieve the column densities of ozone
and trace gases (OClO, BrO). Investigating vertical gas
profiles in the terrestrial atmosphere is not in the list of
the main objectives of ODIN, hence, the nadir observa-
tion is the most efficient mode for conducting scientific
observation with a spectrometer. The spectrometer and

optical camera will obtain light through the holes de-
picted in Figure 1. We placed the avionics bus in the
other 2U. The lengths of the avionics bus components
are presented in Table 3. As shown in Figure 4, the
structural frame of ODIN limits the length of boards,
thus, we divided the bus system into two parts (Bus-1
and Bus-2). The Bus-1 system consists of attitude de-
termination/control and communication boards while
the Bus-2 system consists of a power and command sys-
tem board including an interface board. The interface
board eases the data communication between compart-
ment board and on board computer (OBC). Through
structural modeling using computer aided design (CAD),
we have verified that the designed bus model does not
exceed the limits set by the frame structure.

The outer body of the satellite is covered with
solar panels and communication antennas. We placed
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Table 6
Power margins for the deployed solar panel design in nadir observation mode
Orbit (count) Mode Usage (W) Generation (W) Sum (W)
1 Charging 4.6 27.1 22.5
2 Observation 9.1 0 —-9.1
3 Charging 4.6 271 22.5
4 Observation 9.1 0 -9.1
5 Charging 4.6 27.1 22.5
6 Momentum Dumping 8.4 0 —8.4
7 Charging 4.6 27.1 22.5
8 COMM 13.7 0 —13.7
9 Charging 4.6 27.1 22.5
10 Observation 9.1 0 -9.1
11 Charging 4.6 27.1 22.5
12 Observation 9.1 0 —-9.1
13 Charging 4.6 27.1 22.5
14 COMM 13.7 0 —13.7
Total 104.4 189.7 85.3
Table 7
Power margins for the non-deployed solar panel design in nadir observation mode
Orbit (count) Mode Usage (W) Generation (W) Sum (W)
1 Charging 4.6 10.9 6.3
2 Observation 9.1 10.9 1.8
3 Charging 4.6 10.9 6.3
4 Observation 9.1 10.9 1.8
5 Charging 4.6 10.9 6.3
6 Momentum Dumping 8.4 10.9 2.5
7 Charging 4.6 10.9 6.3
8 COMM 13.7 10.9 —2.8
9 Charging 4.6 10.9 6.3
10 Observation 9.1 10.9 1.8
11 Charging 4.6 10.9 6.3
12 Observation 9.1 10.9 1.8
13 Charging 4.6 10.9 6.3
14 COMM 13.7 10.9 —2.8
Total 104.4 152.6 48.2

GPS Antenna

Sun Sensor

UHF/S-Band
nna Assembly

Magnetorquer
S-Band Transceiver

UHF Transceiver /
GPS receiver

Battery

Payload: Spectrometer Reaction Wheel

€S Assembly
Payload: Camera
0BC

Interface Board

Figure 2. Configuration of ODIN.

two different antennas, one UHF antenna for uplink
and one S-band patch antenna for downlink, onto the
satellite body. Since S-band communication requires
accurate pointing to the ground station, we have placed
the S-band patch antenna on the surface of the satellite
where the payload holes are located (—z direction in the

satellite coordinate system). The sun sensor planned to
be used in determining the attitude of the satellite will
also be located on the surface of the body. To determine
the attitude accurately, we have placed a total of three
sun sensors along the +x, —y, and +z directions of the
internal satellite coordinate system, respectively, with
one sensor for each axis.

The mass budget of ODIN is presented in Table 4.
The maximum mass allowed for a 3U CubeSat is 4 kg.
The mass of each instrument is acquired from the data
sheet provided by the corresponding manufacturer. As
shown in Table 4, we have verified that our model does
not exceed the mass limit of a 3U CubeSat. However,
since the current mass budget is based on a CAD model,
further investigation and measurements of the masses
of individual compartments and the combined structure
are required in a future study.

3. POWER GENERATION SIMULATION

We used the ‘Sinda/Fluint & Thermal Desktop’ software
package, which is a widely used for thermal and power
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Magnetorquer Board

BUS-1

Battery
* On-Board Computer

Figure 4. Structural frame of ODIN.

generation simulations of CubeSats and satellites, to
analyze the power generation of ODIN in the planned
orbit. Through the software, it is possible to calculate
the estimated value of thermal variations of CubeSats
and to estimate the power generated in given mission
orbits. For selecting a configuration of solar panels
it is important to estimate how much power can be
generated through a mission orbit. In this study, we
have calculated the power generation of two different
solar panel configurations (presented in Figures 5 and
6) in two different flight modes (nadir observation mode
and sun pointing mode) in the planned orbit of ODIN.
The solar panels and battery used in this simulation are
listed in Table 4. The power generation efficiency of the
solar panels is 30%.

ODIN is supposed to be placed in the sun syn-
chronous orbit (altitude 700 km, inclination 97°). This
orbit is designated by KARI, the host of the 2019 Cube-
Sat competition. Since ODIN will not be equipped with
propulsion systems, we used the information for the

Earth

Earth

Figure 5. Non-deployed solar panel model of ODIN.

Sun

Figure 6. Deployed solar panel model of ODIN.

SSO at the estimated launch date (October 2021) to
calculate the amount of generated power. The simu-
lated orbital period is 5,926 seconds, corresponding to
roughly 14 orbit cycles per day. We have specified four
distinctive flight modes for ODIN: a science mode, a com-
munication mode, an idle mode (charging mode), and a
momentum dumping mode. In science mode, ODIN ac-
quires scientific data. ODIN turns on the spectrometer
and optical camera when passing the targeted latitude
(latitudes ranges of 60°-80° around both poles). In com-
munication mode, ODIN is in contact with the ground
station. Its duration is restricted by the flight time of
the satellite within the region of possible communication.
The expected duration of passage through this region
is 600 seconds. The satellite manipulates its attitude
to point its antenna (S-band patch antenna) towards
the ground station which is planned to be installed at
Chungnam National University. During the idle mode,
the satellite points its solar panels towards the sun to
generate the maximum amount of power achievable in
the corresponding orbit cycle. The momentum dump-
ing mode is to release the stress on the reaction wheel.
An overview of instruments operational in the various
modes is provided in Table 5. We used the idle mode
and the nadir observation mode to calculate the power
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SOLAR_CELL.1
SOLAR_CELL.2
SOLAR_CELL.3
SOLAR_CELL.4
SOLAR_CELL5
SOLAR_CELL.6
SOLAR_CELL.7
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SOLAR_CELL.9
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Figure 7. Simulation of power generation in nadir observation mode for the deployed solar panel model.
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SOLAR_CELL.2
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Figure 8. Simulation of power generation in Sun pointing mode (charging mode) for the deployed solar panel model.

generation. Since the fundamental purpose of this study In sun pointing mode, the deployed solar panel model
is to find an optimized configuration of solar panels, generated 27.1 W per orbit while the non-deployed solar
the results for the simple attitude control mode (nadir panel model generated 15.2 W per orbit.
observation mode) and the maximum power generating In the nadir observation mode, the deployed solar
mode (charging mode) are selected as reference. panel model generated a smaller amount of power than
In the charging mode, we manipulated the solar  the non-deployed solar panel model. This is because of
panels of the satellite to point at the sun during a  the pointing direction of the solar panel throughout the
whole orbit. In the deployed solar panel design model, a  orbit. In case of the deployed solar panel model, the
total of nine solar panels points at the sun; in the non-  generation of power is highest when the panels point
deployed solar panel design model, three solar panels to the Sun. However, since the deployed solar panel
point at the sun. In the nadir observation mode, we model does not include solar panels on the surfaces
manipulated the payloads of both models to point at  of the satellite body, the power generation decreases
the center of the Earth. The duration of charging in  gramatically when the pointing direction of the panels
both nadir observation mode and charging mode (day  gtart to deviate from the direction toward the sun (see

side of the orbit) is identical at 3,780 seconds. Figure 7). In case of the non-deployed solar panel model,
the power generation rates remained stable because of
4. RESULTS the location of solar panels on the surfaces around the

Simulation results for the nadir observation and the  satellite body. Overall, the deployed solar panel model
charging mode using the deployed solar panel design generated 11.6 W per orbit in average while the non-
model are presented in Figures 7 and 8. Simulation  deployed solar panel model generated 10.9 W.

results using the non-deployed solar panel design model The power consumption requirements for ODIN are
are presented in Figures 9 and 10. We have verified shown in Figure 11. We investigated the expected power
that the deployed solar panel model yields more power consumption and generation of two different design mod-
than the non-deployed solar panel model in every mode.  els through 14 orbit cycles. For the power generation
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Figure 9. Simulation of power generation in nadir observation mode for the non-deployed solar panel model.
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Figure 10. Simulation of power generation in Sun pointing mode (charging mode) for the non-deployed solar panel model.

in the deployed solar panel model we assumed that the
solar panels of ODIN point straight at the sun through
the assistance of attitude determination and the con-
trol system during the charging mode. Also, we have
excluded the power generation from other orbit cycles
to assess a possible worst case scenario. The power
generation of the deployed solar panel model in nadir
observation mode is presented in Table 6. In case of
the non-deployed solar panel model in nadir observa-
tion mode, we assumed that the attitude of the satellite
is remains fixed through a whole orbit. The result is
presented in Table 7.

5. DISCUSSION

We explored the conceptual structural design and esti-
mated power generation of the ODIN CubeSat. It is
crucial to design a model that complies with the general
CubeSat requirements such as typical mass limit (4 kg)
and constraints on structural frame designs. We have
verified that the model we designed complies with the
structural requirements of a 3U CubeSat. The total
mass of ODIN does not exceed 4 kg and the compart-
ments that are planned to be on board the satellite
do not interfere with the structural frame of ODIN.

However, since our design is based on a CAD model,
detailed investigations and measurements of individual
and combined models should be explored in a future
study.

Utilizing the Sinda/Fluint Thermal Desktop soft-
ware, we simulated the expected power generation and
consumption of ODIN in SSO. We found that the de-
ployed solar panel model generates more power than
the non-deployed solar panel model in idle mode (charg-
ing mode). However, considering a full orbit cycle, we
concluded that the non-deployed solar panel model is
more stable in generating power due to its capability of
generating power in science mode, momentum dumping
mode, and communication mode whereas deployed so-
lar panels are not able to generate power during these
modes. We eventually selected the non-deployed solar
panel model considering its stability against vibrations
during the launch sequence as well as its capability of
power generation throughout a full orbit.
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Maximum Science Mode € 1dle Mode
Sub Stanby Mode Dumping
Parts Power
system power Duty Energy Duty Energy Duty Energy Duty Energy
| S (9 | (mWh) | (%) | (mWh) | (%) | (mWh) (%) | (mWh)
C&DH | OBC 2,450 | | 100% | 4,091.5 100% | 4,091.5 | 100% | 4,091.5 100% | 4,091.5
| S-band Transmitter 5,000 | 300 Standby 495 | 100% | 8,350 Standby 495 | Standby | 495
comm | UHF Transceiver 2,640 | 0.0825 | Standby | 0.136 100% | 4,409 | Standby | 0.136 | Standby | 0.136
| EPS Board 200 | 200 | 100% | 334 100% | 334 | 100% | 334 100% | 334
£Ps | Battery 100 | 100 100% 167 | 100% | 167 100% 167 | 100% | 167
| Sun Sensor (3ea) 150 | 50| 100% | 2505 100% | 250.5  100% 2505 100% | 2505
| Magnetometer 0.33 | 100% | 0.56 100% | 0.56 | 100% | 0.56 100% | 0.56
| Gyroscope 12.5 | 100% 20.635 | 100% | 20.635 100% 20.635 | 100% | 20.635
Apes | GPs 1,000 | | 100% 1,670 100% | 1,670 100% 1,670 100% 1,670
| Reaction Wheel (3ea) 2,160 | 360 | 100% | 3,607.2 100% | 3,607.2 | 100% | 3,607.2 20% | 7214
| MTQ 2,000 | 470 0% 1] | 0% | 1] 100% 3,340 | 0% | 0
| Spectrometer | 12,500 | 20% 4,175 0% | o 0% | 0 0% | 0
PLS Camera 1,200 20% 400.8 0% 0 0% 0 0% 0
Available 40,000 mWh (Battery)
Total Usage 15,212.33mWh 22,900.40mWh 13,976.53mWh 7,750.73mWh

Figure 11. Power budget table of ODIN.
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