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Introduction:  A future Europa Lander mission, will 

play a crucial role in achieving NASA’s long standing 

goals – to determine whether or not we are alone in the 

universe. Searching for life on Europa is one of the high-

est-level science goals for the mission. The detection of 

life on Europa should not rely on a singular measure-

ment. Instead, multiple lines of evidence detected on a 

variety of spatial scales from different instruments should 

be used to provide sufficient evidence of life detection 

on Europa [1].  

Atomic force microscopy (AFM) is  a high potential 

technique to reveal the topographic information for bi-

osignatures detection of biogenic microstructures at the 

nanoscale level. However, it suffers from false positive 

risk mitigated by AFM mechano-sensing capability and 

has slow throughput since it is a scanning technique  [1]. 

Quantitative phase imaging (QPI) is an alternative ap-

proach to measure the microstructures topography recon-

structed through phase information. It is a one shot full-

field-of-view technique that allows for a high throughput 

scanning. QPI has an enormous impact in many fields 

especially in identifying microscopic lifeforms and even 

those that potentially contribute to macroscale morphol-

ogy, if present.  

Quantitative Phase Imaging: We are currently 

working on Digital Holographic Microscopy (DHM) as 

an interferometric QPI technique for acquiring quantita-

tive phase images [2].  An off-axis digital holographic 

microscope can be integrated with a microfluidic device 

that enables the continuous monitoring of flow samples. 

The interference patterns on the hologram captured di-

rectly by the detector are used to reconstruct the phase of 

the sample by either a forward model like Fresnel recon-

struction or using a machine learning technique like deep 

learning-based automatic-defocusing phase retrieval 

method. By using, e.g., a flow cytometer, the high volu-

metric throughput can be observed with single capture, 

because of the extended depth-of-field capability of 

DHM relying on phase-reconstruction method [3]. Fig. 1 

shows a phase image of bone cell captured in a bi-

telecentric DHM configuration [2]. By having of an ex-

tended depth-of-field reconstruction capability would 

enable interesting phenomena to be located and observed 

on different focus planes. Additionally, deep learning-

based automatic-defocusing phase retrieval methods 

would enable automatic reconstruction of sample images, 

with a high volumetric throughput, into a single virtual 

focal image without using any refocusing algorithm.  

Lens-less DHM implemented with flow cytometry 

have been recently applied to acquire quantitative infor-

mation about the sample [4]. However, on-axis lens-less 

DHM has limitation of resolution defined by the diffrac-

tion limit and camera pixel size. In this work, we will 

implement an off-axis DHM using visible laser [5]. Hol-

ogram of cells, biogenic microstructures and other bi-

osignatures inside of the microfluidic device will be cap-

tured at various depths and the phase images will be re-

constructed at multiple focus planes across different fo-

cal depths based on phase reconstruction [6]. Holograms 

and corresponding selected focal phase images will be 

chosen for deep learning-based automatic-defocus phase 

retrieved method.  

Convolutional Neural Network: The pairs of holo-

gram and focal phase images will be fed into the Convo-

lutional Neural Network (CNN). By training a model to 

learn how to match the hologram as the input to the focal 

phase as the ground truth, CNN model will be adapted to 

alter the parameters (weights and biases) that can be used 

to predict the unseen holograms. There are two main 

tasks of the learning process: (a) matching the interfer-

ence pattern on hologram to the retrieved phase infor-

mation, (b) predict the phase information [7] of all sam-

ples in 3D volume on a virtual focal plane that avoids 

scanning focus distance or sample. Several researchers 

have been successful in using CNN to predict the focus 

distance of the sample [6] which is required for the phase 

reconstruction method, or directly predict phase infor-

mation from the hologram based on-axis DHM [4]. In 

the proposed work we will use CNN in an off-axis DHM 

setup using a visible light source to observe samples with 

lateral spatial resolution <1µm.  

 

 
Fig. 1: Bone cell phase image reconstructed using DHM [2]. 
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