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Earthquake is one of the most significant natural disasters that has always
posed a serious threat to human life. Accurate prediction of this phenomenon
has been one of the fundamental challenges for humankind, and numerous
efforts have been made to achieve it. One of the novel approaches that has
gained attention in recent years is the use of CubeSats to monitor variations
in the ionospheric layer prior to the occurrence of earthquakes. Changes in
the temperature and electron density within this layer can serve as indicators
of pre-seismic activities. The analysis of data from several similar missions
indicates that this method can identify pre-earthquake anomalies with
acceptable accuracy. In this paper, the preliminary design of a single-unit
CubeSat is presented using a systems engineering approach. In each
subsystem, the key components and design parameters are examined and
analyzed, and their numerical values are evaluated. The results show that
this design framework can be an effective step toward developing a cost-
effective, precise, and optimized one-unit nanosatellite for earthquake
prediction research. In this study, the preliminary design of a single-unit
CubeSat for an earthquake prediction mission is presented through the
measurement of temperature and electron density. The main payload of this
CubeSat has been selected due to its structural simplicity and higher
accuracy compared to other methods. The design process includes mission
definition and analysis, systems engineering, payload design, and subsystem
development.
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Full Form / Meaning

Ampere (Electric Current)

Attitude Determination and Control System
Acceleration Spectral Density

Bit Error Rate

Coulomb (Electric Charge)
Carrier-to-Noise Density Ratio
Cubic Centimeter

Decibel

Decibel relative to 1 Watt

Decibel relative to isotropic antenna
Effective Isotropic Radiated Power
Gaussian Minimum Shift Keying

Antenna Figure of Merit (Gain-to-Noise-
Temperature Ratio)

(g squared per Hertz) Acceleration Spectral
Density

Hertz

Joule per Kelvin (Energy per Temperature)
Kelvin

Kilogram (Mass)

Square meter (Area)

Meter per second (Velocity)

Megahertz

On-Board Computer

Watt

Meaning / Unit
Acceleration Spectral Density (g%/Hz)

Effective collection area of the Langmuir probe

(m?)
Elementary charge (C)

Saturation electron current collected by TeNeP

probe (A)
Boltzmann constant (J/K)
Electron mass (kg)

means the value is sufficiently small to be
ignored.

Electron temperature (K)
Electron thermal velocity (m/s)
Measured value at time t

Standardized value of X(t)

Slope of the TeNeP probe I-V characteristic in

saturation region

Historical mean or average value of the
parameter under normal conditions

Historical standard deviation of the parameter
under normal conditions
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Fig. 1. Placement of subsystems and components.

-

Battery and electric

Antenna power board

-

Structural OBC and
frames Communications
Board

Solar panels { Payload board

/

Probe TeNeP structure

Payload separator

S o lsle (ol Jao Y JSUd
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Fig. 3. Launch and orbit deployment mode flowchart.
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Table 1. Functional requirements.

Subject Description
To collect temperature and electron
Performance density data in the ionospheric layer

over Iran and seismically active
regions.

Over Iran and surrounding

Coverage area I . .
seismically active regions.

Communication between the
satellite and the ground station is
limited to the passage of the satellite
over the ground station.

Communication
duration with
ground station

Sl Ll =Y Jga

Table 2. Operational requirements.

Subject Description

MissigficSieg One year in low earth orbit (LEO).

life
Accessibility There should be fiata exchange at each
station pass.
Survivability Be tolerant of environmental conditions.
Data The data will be made available to the
distribution ground station and earthquake experts.

Data is received and transmitted as a
series of numbers as the cubesat passes
through the ground station using the

Data content,
form, and
format

UHF and VHF communication bands.
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Table 3. Budgeting table.

Subsystems Cost ($) Power (w) Mass (kg)
Payload 3000 0.9 0.3
Electrical power 1400 0.2 0.3
ADCS 60 0 0.06
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Fig. 4. Operation mode flowchart.
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Fig. 7. Payload system operation block diagram [11].
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Fig. 8. Block Diagram of the Pulse Generator Circuit [11]
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Table 4. Orbital parameters.

Orbital altitude 400 kilometers
Orbital inclination 55 degrees

Orbital shape Circular
Eccentricity 0
Right ascension of the ascending node 0

(RAAN)

Argument of perigee 0

CubeSat lifetime 1.5 years
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Table 7. cubesat orbital lifetime.

Jacchia-roberts NRLMSISE-2000

1.7 years 1.9 years
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Table 8. cubesat orbital lifetime.

Jacchia-roberts NRLMSISE-2000

1.4 years 1.7 years
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Table 5. Coordinates of the ground station.

35.7 Latitude (deg)
50.7 Longitude (deg)
5 Elevation angle (deg)
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Table 6. The maximum and minimum shadow time in a year
with the effect J, .

(456) alo olo; Mode
2065 Mission start
1400 Minimum eclipse duration
2164 Maximum eclipse duration
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Table 9. Specifications required for the preparation of a
CubeSat processing unit.

-Processing of input and output data

-Receiving and processing three-axis

: magnetometer data
Required

el -Receiving and processing gyroscope data

-Transmitting data to the ground station
-Executing commands received from the ground
station

-Compatible with CAN or USART bus
-Equipped with multiple ADC channels

Required

interfaces o L.
-Optimized for space communication protocols

20-25 Mhz Processor-
High-performance with advanced power saving-
features
512 KB build-in flash-
Required 128 MB NOR flash (On two dies of 64 MB -
hardware each)
specifications | 32 kB FRAM for persistent configuration -
storage
32 MB SDRAM-
RTC clock-
On-board temperature sensors-
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)

Memory
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|

Fig. 10. Processing unit communication flowchart.
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Table 10. Specifications of telecommunication antennas.

Telemetry and data downlink
Frequency band UHF

Antenna diameter 17.2 centimeters

Frequency 432438 MHz
Telecommand Uplink
Frequency band VHF

52 centimeters

144-146 MHz

Antenna diameter

Frequency
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Table 11. Uplink budget calculation table.

Ground station
Frequency (MHz) 144-146
Transmitter output power (W) 20
Transmitter output power (ABW) 13/01
(dB) Total transmission line loss Negligible
(dBi) Ground antenna gain 10.5
EIRP (dBw) 28.7
Uplink
Antenna pointing loss (dB) 0/26
Antenna pointing error (dB) 0/06
Free-space path loss (dB) 139/2
Atmospheric loss (dB) 2/1
Ionospheric loss (dB) 0/7
Rain attenuation loss (dB) Negligible
Isotropic signal level (dIBW) -113/57
CubeSat
Antenna pointing error (dB) 0/27
Antenna gain (dBi) 2/15
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Fig. 11. Communication architecture of the processor unit with
subsystems.
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Command system (dB) 34/18 Total transmission line loss (dB) Negligible
Selected demodulation method GMSK Effective noise temperature (K) 283/22
Specified bit error rate (BER) 1.00E-5 Antenna figure of merit, G/T (dB/K) -22/37
Demodulator implementation loss (dB) 1 Carrier-to-noise density, C/NO (dB-Hz) 92/39
Required telemetry (dB) 9/6 Required data rate (dB-Hz) 39/49
Threshold (dB) 1/6 Command system (dB) 59/91
System link margin (dB) 23/58 Selected demodulation method GMSK
Specified bit error rate (BER) 1.00E-5
Curdg J )35 9 Oy Demodulator implementation loss (dB) 1
ws J ]25 Requ%red telemetry system (dB) 9/6
Required telemetry system (dB) 10/6
Y3 gyl slos g dlasi (g pSeslail i ofa o fole cu)gale System link margin (dB) 42/31
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Fig. 12. Positioning diagram for determining and controlling the
status in Cubesat.
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Table 12. Downlink budget calculation table.

Cubesat
Frequency (MHz) 432-438
Transmitter output power (W) 1/5
Transmitter output power (dBW) 1/76
Total transmission line loss (dB) Negligible
Ground antenna gain (dBi) 2/15
EIRP (dBw) 3/91
Downlink
Antenna pointing error (dB) 01
Antenna polarization loss (dB) 0/6
Free-space path loss (dB) 148/74
Atmospheric loss (dB) 2/1
Tonospheric loss (dB) 0/4
Rain attenuation (dB) Negligible
Rain attenuation (dB) -147/59
Ground station
Antenna pointing error (dB) 0/05
Antenna gain (dBi) 15/75
Total transmission line loss (dB) Negligible
Effective noise temperature (K) 20/57
Antenna figure of merit, G/T (dB/K) -7/39
Carrier-to-noise density, C/NO (dB-Hz) 73/67
Required data rate (dB-Hz) 39/49
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Table 13. Power consumption budgeting in each mode.

Operational mode Power consumption(w)
Launch and orbital deployment 1.5
Payload operation 2.1
Standby mode 1.5
Decommission mode 1.1
Sun safe mode 1
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Table 14. Subsystem power budgeting.

Subsystems Power consumption (w)
ADCS 0.3
Payload 0.9
Communications 0.2
OBC 0.2
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Table 15. Satellite Volume Budgeting.

Subsystems Volume (cm?)

ADCS 74/606
Payload 106.58
Communications 90/593
OBC 74/606
Power 127/896
Structure 107/6
Total 581/881
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Table 16. Natural vibration modes of the satellite.

Mode number Natural frequency (Hz)
1 625/86
2 625/91
3 806/15
4 910/44
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Fig. 13. Modeled structure of a cubesat.
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Table 17. Analyzing random structural vibrations based on
NASA GEVS standards.

Frequency range (Hz) ASD(g?/Hz)
20 0.026
20-50 +6 dB/oct
50-80 0.16
800-2000 -6 dB/oct
2000 0.026

U, U2
- +1.103e-03
+1.011e-03
+9.195e-04
+8.276e-04
+7.356e-04
+6.437e-04
+5.517e-04
+4.598e-04
+3.678e-04
+2.759%-04
+1.839e-04
+9.195e-05
+0.000e+00

Fig. 14. Structural deformation in millimeters.

S, S11

(Avg: 75%)
+1.968e+06
+1.793e+06
+1.618e+06
+1.443e+06
+1.268e+06
+1.093e+06
+9.176e+05
+7.424e+05
+5.673e+05

+3.921e+05
+2.170e+05
+4.185e+04
-1.333e+05
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Fig. 15. Stress applied to the structure in Pascals.
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Table 18. A summary of the type of subsystem design and the
reason for the design.
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subsystem Altitude: of launch vehicle, and
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UHF and The selection of the
Communications VHF antenna type is based on
antenna the payload data type
and the nanosatellite
Considering the lack of
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ADCS (Magnetic) for the payload and
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Solar panels | Considering the power
Bower and battery budget
3-picce For higher structural
Structure asslejmbl strength and to prevent
y damage from vibrations
No active control is
Thermal control Passive required for the
subsystems
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