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Background - Gravimetry

Gravimetry: measurement of the

=>
Unit: Gallileo [Gal] = 1 cm/s? = 102m/s? =>
Applications:

e Volcano and aquifer monitoring
e \oids detection

e (Gas and oil exploration.

Change in gravity based on terrain [src]


https://en.wikipedia.org/wiki/Gal_(unit)
https://www.geologyforinvestors.com/wp-content/uploads/GravitySurveys.jpg

Types of Gravimeters

Absolute gravimeter:

e Test mass (macro- or microscopic e.g. prism or
group of atoms) fall in a vacuum chamber

e Laser interferometer tracks fall

e Superconducting masses suspended in a
magnetic field

e Mass cooled down to minimize the random
accelerations from thermal noise

Relative gravimeter:

e Spring-mounted mass — measure stretch or
compression using either light-based or
capacitive-based method

GWR Superconducting Gravimeter [src]



https://www.astro.oma.be/wp-content/uploads/2022/12/gravi_instrument_1-1024x764.png

Existing Gravimeters

Example: A10 Portable Absolute Gravity Meter

e Type - Absolute

e Dimensions - N/A

e Weight - 105 kg

e Power Consumption - 200 W

e Precision - 10 pGal

e Price - “Request a quote”

A10 Portable Absolute Gravity Meter [src]


https://microglacoste.com/wp-content/uploads/2017/03/Brochure-A10.pdf

Existing Gravimeters
Example: Scintrex CG-6 (relative gravimeter)

e Type - Relative

e Dimensions - 21.5x21 x24 cm
e Weight - 5.5kg

e Power Consumption - 5.2W

e Precision - 0.1uGal

e Price-$ 100000

Disadvantages of Existing Solutions

- Large - Delicate handling
- Heavy - Long manufacturing

- Energy-intensive leadtimes
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Scintrex CG-6 [src]



https://scintrexltd.com/wp-content/uploads/2019/01/CG-6-Brochure_R5.pdf

MEMS Gravimeters (Relative Gravimeter)
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Wee-g Sensor Layers [src]



https://wee-g.com/
https://www.nature.com/articles/s41598-022-16881-1

Transducers structure

Inertial Transducer:

A proof mass is suspended

Displacement Transducer:
using springs.

We pick up the displacement using either
capacitive combs or light based techniques
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Proof mass MEMS structure [src]

Optical grating-based displacement

measurement unit [src]

Rectangular spot

Optical Slit-based displacement
measurement unit [src]


https://www.nature.com/articles/nature17397
https://www.nature.com/articles/s41467-025-57176-z?fromPaywallRec=false
https://www.nature.com/articles/s41467-025-57176-z?fromPaywallRec=false

Displacement Transducer

Light-Based Capacitive

+ . sub-picometer precision

- Requires additional off-chip components

- Less common - Sensitive to noise: capacitive and
electronic (1/f noise)

- Precision: tens of picometers



Example of MEMS Gravimeter

Example: Wee-g

e Type - Relative

e Weight - 5kg

e Sensor Dimensions - 12mm?

e Casing Dimensions - 30x30cm

e Price - “Request a quote”

LED light source

Wee-g [1, 2, 3]



https://www.google.com/url?sa=i&url=http%3A%2F%2Fwww.newton-g.eu%2Fnews%2Fnews.htm&psig=AOvVaw3xZuuDD7BmJtNTNw4mQaRh&ust=1748693079096000&source=images&cd=vfe&opi=89978449&ved=0CBQQjRxqFwoTCNit08CTy40DFQAAAAAdAAAAABAL
https://www.wide-blue.com/wp-content/uploads/2024/06/Quantum-Low-Cost-Gravimeter.webp
https://www.ingenia.org.uk/media/b3am3t5g/mems-on-mount.jpg?width=1000&height=600&format=webp&rnd=133541302809900000

Advantages & Disadvantages

Disadvantages

Advantages
S than traditional Gravimeters e Not widespread => still expensive
= e Lower Dynamic Range
o => more

: : e Lower Robustness
e Easier to produce in
e Susceptible to Environmental Factors
e Calibration requires a commercial

gravimeter.



Challenges

e Mechanisms behind the high drift rates are not well understood.
(150-270uGal/day compared to ~13uGal/day for the Scintrex CG-6)

e Active temperature compensation increases the overall size.

e Postfabrication tuning of the resonant frequency :

o Increase it when handling the device to improve it’s robustness.
o Decrease it when measuring to improve it's sensitivity.



Applications

e Low-cost, singlepoint or array-based,
time-lapse and continuous monitoring
gravity surveys.
e Drone-based deployments (need for sub-Hz
isolation, low power electronics) [src]

e Geophysical applications


https://eprints.gla.ac.uk/334234/1/334234.pdf

