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Mobile Imaging, Sensing and Diagnostics for m-Health, Telemedicine and Global Health Appli-
cations
My research focuses on the use of computation/algorithms to create new optical microscopy, sensing, and diagnostic 
techniques, significantly improving existing tools for probing micro- and nano-objects while also simplifying the designs 
of these analysis tools. For example, in our lab we created a set of computational microscopes which use lens-free on-
chip imaging to replace traditional lenses with holographic reconstruction algorithms. Basically, 3D images of specimens 
are reconstructed from their “shadows” providing considerably improved field-of-view (FOV) and depth-of-field, thus 
enabling large sample volumes to be rapidly imaged, even at nanoscale. These new computational microscopes routine-
ly generate >1_2 billion pixels (giga-pixels), where even single viruses can be detected with a FOV that is >100 fold wider 
than other techniques. At the heart of this leapfrog performance lie self-assembled liquid nano-lenses that are com-
putationally imaged on a chip. These self-assembled nano-lenses are stable for >1 hour at room temperature, and are 
composed of a biocompatible buffer that prevents nano-particle aggregation while also acting as a spatial “phase mask.” 
The field-of-view of these computational microscopes is equal to the active-area of the sensor-array, easily reaching, for 
example, >20 mm2 or >10 cm2 by employing state-of-the-art CMOS or CCD imaging chips, respectively. 

In addition to this remarkable increase in throughput, another major benefit of this technology is that it lends itself to 
field-portable and cost-effective designs which easily integrate with smartphones to conduct giga-pixel tele-patholo-
gy and microscopy even in resource-poor and remote settings where traditional techniques are difficult to implement 
and sustain, thus opening the door to various telemedicine applications in global health. Some other examples of these 
smartphone-based biomedical tools include imaging flow cytometers, immunochromatographic diagnostic test readers, 
bacteria/pathogen sensors, blood analyzers for complete blood count, and allergen detectors. Through the development 
of similar computational imagers, we also reported the discovery of new 3D swimming patterns observed in human 
and animal sperm. One of this newly discovered and extremely rare motion is in the form of “chiral ribbons” where the 
planar swings of the sperm head occur on an osculating plane creating in some cases a helical ribbon and in some 
others a twisted ribbon. Shedding light onto the statistics and biophysics of various micro-swimmers’ 3D motion, these 
results provide an important example of how biomedical imaging significantly benefits from emerging computational 
algorithms/theories, revolutionizing existing tools for observing various micro- and nano-scale phenomena in innovative, 
high-throughput, and yet cost-effective ways.
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