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Microscale 3-D Capacitance Tomography

e Non-optical imaging technique for visualizing the 3-D structure of micron scale-objects like
bacterial colonies using CMOS sensor arrays.
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Electrical Capacitance Tomography (ECT)

e Uses capacitance measurements to reconstruct a cross-sectional image of the area above the
sensor.
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Why Microscale ECT ?

e Challenges with optical confocal microscopy
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Capacitance Tomography Sensors
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Capacitance Tomography Sensors
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Capacitance Tomography Hardware

e 512x256 CMOS Sensor (131,072 sensing electrodes)

Electrodes on a 10 um grid

Sensor can measure capacitance
between any two electrodes in the
array

K. Hu, J. Ho and J. K. Rosenstein, "Super-Resolution Electrochemical Impedance Imaging With a 512 x 256 CMOS Sensor Array," in IEEE Transactions on Biomedical Circuits
and Systems, vol. 16, no. 4, pp. 502-510, Aug. 2022, doi: 10.1109/TBCAS.2022.3183856.
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Capacitance Measurement — Cross-sectional Image
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Image Reconstruction Using Deep Learning

CMOS Sensor

Input

Boundary Capacitence
— Measurements 1

Co1, Cr2, Co3, C34 ... o
Co2, C13, Coa... Cpn3n1

Co3, Cia... Crhogpn

Cosy o Cno6n1

] ConvTranspose Block

| Reshape Layer
256
512
num_measurements (—*ﬁ \ \
’f)—' s E— 6
I:'> 1 F E

1 | 6 12

16ny 8ny

.

Approximation to f_l

=

100pum

Output
Out-of-plane Spatial

Permittivii

200pm
o(z,y)



Training Data

Experimental Dataset

e Imaging the same sample using CMOS sensor and a confocal microscope:

o CMOS Sensor — Boundary capacitance measurements

o Confocal Microscope — 3-D Shape of the sample
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Training Data

Synthetic Dataset

e Randomized permittivity distributions using pyEIT*
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Loss Function

e Class Imbalance: foreground pixels occupy a smaller region compared to background
pixels.

e MSE Loss produces blurred/smeared predictions due to to the class imbalance issue.
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Loss Function

e Use compound loss function to address the class-imbalance issue
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Experimental Results on Testing
Datasets

ECT Imaging of:

-> Polystyrene Microspheres (20um diameter)

=> Bacterial Biofilm (B. subtilis)




Experimental Results: Polymer Microspheres
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ECT Image
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Experimental Results: Large Scale Cross-Section
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Experimental Results: Reconstruction Quality
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Experimental Results: Reconstruction Quality
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Conclusion

=> Microscale ECT has the potential to provide low cost non-optical 3-D monitoring of
cell cultures.

€ Highest ECT resolution 10.:& largest field of view (131,072 sensing electrodes)
reported to date.

-> Deep Learning algorithms can provide accurate image reconstructions. This has been
demonstrated on two experimental datasets: polymer microspheres and bacterial
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