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TECHNOLOGY ON NEPAL’S 1U SLIPPERS2SAT CUBESAT

Abstract

Predicting earthquake precursor seismic waves is one of the most challenging problems in the field
of geophysics and space technology. Seismo-Electromagnetic waves are associated with earthquakes that
are observed in low orbits 3 to 30 days before an earthquake. The Seismo-Electromagnetic waves cause
disturbances in earth’s magnetic field in the Ultra Low Frequency (ULF) under 3Hz and Extremely Low
Frequency (ELF) between 3Hz and 3KHz ranges. Traditionally, satellites use expensive deployable booms
and sensors that added weight, size and increased power consumption to position sensors away from
stray magnetic fields generated by the satellite’s electrical sub-system. Antarikchya Pratisthan Nepal
has developed an Earthquake Precursor Detection Mission (EPDM) payload with a lightweight, low-
cost, overcurrent protected and compact design for 1U Slippers2Sat CubeSat. The sensors are directly
integrated onto the Printed Circuit Board. The EPDM payload uses Quad-mag technology with four
PNI-RM3100 magnetometers with a sensitivity of 13nT which utilizes the Undetermined Blind Source
Separation (UBSS) algorithm to separate stray magnetic fields. Quad-mag technology captures detailed
patterns or behaviour of ambient and stray magnetic fields without using deployable booms. The UBSS
algorithm separates stray magnetic fields for detecting ELF/ULF associated with earthquakes. The
EPDM payload operates at a sampling rate of around 430Hz over 200-count cycles with a measurement
uncertainty of 3-5nT. EPDM payload is space-qualification tested within a 10G random vibration test,
a 6G sine vibration test and a thermal vacuum test from -30C to +60C. Magnetometer calibration using
hard iron and soft iron tests found the sensor data standard deviation is 0.7%.The EPDM payload uses
an onboard STM32F103C8T6 microcontroller and consumes power 40mW when active and 20mW when
idle. Previous Quad-mag payloads have limited OCP and used a separate module sensor. The current
payload integrates five OCPs per sensor and system, a fast SPI interface, and LittleF'S for storing data



in MT25QL01 which improves speed and performance. Additionally, EPDM payload reduced size from
10x10x3cm3 to 9x8.6x0.16cm3 and weight from 50.05¢ to 25g by 50%. This paper shows that Quad-
mag EPDM payload enhances compactness for small satellites to fit inside non-deployable 1U CubeSats,
detects earthquake precursor waves from space and opens new avenues for earthquake disaster prevention.
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