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Introduction:  A compact, portable inferencing de-

vice, comprised of a Fourier Ptychographic Microscope 
(FPM) integrated with a microfluidic device to perform 
wide Field-of-View (FoV), high spatial resolution im-
aging (~0.7 μm) of biosignature motility in liquid sam-
ples is presented. Future flight technology readiness 
level maturation and risk mitigation will provide a path-
way for FPM’s to be considered as candidate payloads 
on future lander and rover missions, e.g., to Mars (brine 
studies), Europa (melted ice samples), Enceladus 
(plume capture), and other Ocean World targets.  

Planetary Science Objectives: Searching for life 
and habitability on Ocean Worlds are high-priority sci-
ence goals as cited in the 2012 Planetary Decadal Sur-
vey and in numerous White Papers for the 2022 decadal 
survey. The detection of life should not rely on a singu-
lar measurement, and ideally techniques should be ca-
pable of distinguishing between abiosignatures, ambig-
uous or agnostic biosignatures. Measurements from dif-
ferent instruments on a variety of spatial scales should 
be used to provide sufficient evidence of life. As an ex-
ample, the Europa Lander Study 2016 Report [1] base-
lined two model payloads for life detection: (i) deep UV 
resonance Raman and fluorescence spectrometer with 
optical microscope, and (ii) a gas chromatograph mass 
spectrometer with both chirality analysis and stable iso-
tope analyzer. The FPM with its small size and mass 
will integrate neatly into a time resolved Raman and flu-
orescence spectrometer [2]. The FPM will provide im-
portant clues for biosignature detection using 3D phase 
information and fluorescence imaging with high spatial 
bandwidth product data (FoV ~1.1 mm x 1.1 mm, Nu-
merical Aperture, NA, ~ 0.55, spatial resolution ~ 0.7 
µm) in concert with Raman and fluorescence spectros-
copy. 

Fourier Ptychography:  Fourier ptychography 
[3][4] is a computational high-resolution technique that 
offers an alternative way to increase the NA, hence 
providing increased resolution, of a microscope by us-
ing a set of full-field images acquired at various coher-
ent illumination angles. A Light Emitting Diode (LED) 
array is used to illuminate the sample from a number of 
different angles. Each off-axis LED shifts different 
amounts of high spatial frequency information, dif-
fracted from the sample, into the acceptance angle of the 
camera lens. The sequence of captured images contains 
enough information to computationally, using a phase 
retrieval algorithm, fuse each uniquely illuminated 

image into a final output high-resolution image. This 
technique also increases the microscope working dis-
tance and depth-of-field, and computationally corrects 
for system aberrations.  

Instrument Overview: The key components of the 
inferencing device system set-up are shown in Fig. 1 
and concept details are shown in Fig. 2. A translation 
stage holds the microfluidic device and is placed be-
tween a red-green-blue LED array and a camera assem-
bly. These are all controlled by the NVIDA Jetson nano 
board with state-of-the-art machine learning processing 
capability. The camera captures low-resolution bright 
field and dark field intensity images corresponding to 
multiple illuminations of each light from the LED array. 
Different diffracted orders of light serve as the sub-com-
plexed fields in the Fourier domain that are stitched to-
gether using the Fourier constraint method (FCM) [5] 
under an iterative process to perform high-resolution in-
tensity, Fig. 3, and 3D phase reconstruction. The posi-
tion of each LED determines where the Fourier trans-
form of each low-resolution image is stitched on the 
global Fourier domain. The LED positions based on 
setup coordinates are digitally calibrated with a quasi-
Newton method during the iterative process along with 
FCM to force its convergence. Initial 3D phase infor-
mation is provided initially to enhance the convergence 
of FPM reconstruction [6][7]. 

Figure 1.  Key components of the portable inferencing device 
assembly, showing experimental set up with typical dimen-
sions of electronics, camera, LED array and microfluidic de-
vice.   
A Raspberry Pi v2.1 camera module without an infrared 
filter is used (8 megapixels, 1.12 µm pixel size) with a 
3 mm focal-length lens (0.15 NA), positioned to achieve 
~1.5× magnification. Frequency overlap of ~70% is ob-
tained by placing the Unicorn HAT HD (16×16) LED 
array (3.3 mm pitch) placed 65 mm (to provide 0.4 NA) 
below the sample stage that holds the microfluidic de-
vice that provides the continuous flow of samples. This 
results in a larger synthetic NA of 0.55. All control and 
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computation is provided through a NVIDIA Jetson 
Nano board with embedded Artificial Intelligence (AI) 
computing platform. 

 
 

Figure 2.  Portable inferencing FPM device concept: (a) 
shows the sample being illuminated by a LED array with a 
translation stage adjusting the sample/microfluidic channel;  
filters identify the fluorescent structures and the camera (lens 
+ sensor) provides the final images [5]; (b) shows the device 
assembly with NVIDIA Jetson Nano computing board for 
FPM reconstruction or DL implementation, this enables  in-
tensity, 3D phase, excited fluorescence imaging, and auto fo-
cusing; (c) shows a frozen hydrated Chlamydomonoas rein-
hardtii alga image [8] obtained using a large conventional mi-
croscope implementing Fourier ptychography;  the goal is to 
demonstrate the FPM with accelerated reconstruction using 
DL to co-register fluorescence structures (top image) with 3D 
phase images (bottom image, 2D gray-scale).   

 

 
Figure 3. Mathematical schema for FPM intensity reconstruc-
tion [4] and LED position calibration (dark dots are after cali-
bration). Similar algorithms are used for 3D phase, and fluo-
rescence imaging. 
 
The device, by itself, can be operated in a normal mode 
that acquires data and performs intensity, 3D phase, or 
fluorescence reconstruction using the traditional FPM 
method (with no DL). The normal mode is used to pro-
vide data for the DL mode to perform fresh training, 
semi-training, testing or inferencing. The NVIDIA Jet-
son Nano board enables the development of inferencing 
deep learning pipeline to help (a) solve out-of-focus 
problems, (b) provide near real-time monitoring. The 
DL model will automatically detect if the sample is out-
of-focus and then mechanically transit the sample to the 
focus plane by a translation stage [9] or digitally trans-
late it into an in-focus image using DL. To implement 
near real-time monitoring, the DL model is used to 
speed up the DL-based FPM reconstruction by using 

1/10th of the LED’s (i.e., reduce data acquisition time). 
The built hardware is shown in Fig. 4 and the prelimi-
nary results of using DL to reconstruct 3D cellular phase 
map (viewed as 2D) is shown in Fig. 5, this achieves 
~60× faster reconstruction time when compared with 
FPM integrated to a commercial microscope [6]. 

 
Figure 4. Left: FPM inferencing device design; Right: built 
hardware without microfluidic device as of December 2019, 
volume (100 x 80 x 124) mm3. 

 
Figure 5. Left: An example of preliminary model training; 
Right: 3D cellular phase results (2D gray-scale) using Fourier 
ptychography on a commercial microscope [7]. 

Presently, the system uses the NVIDIA Jetson Nano 
which is one of the most capable single board AI sys-
tems available. In the future, an Intel Movidius Myriad 
X that was built around a radiation hard LEON4 core 
which has already been successfully tested by the Euro-
pean Space Agency to 300 krad total ionizing dose, will 
be used. 
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