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Lateral Shearing DHIM (prototype version 1.0). It uses a laser diode module
as the source and a Smm thick fused silica glass plate for shearing. The one
shown above uses a 40x, NA=0.65 microscope objective for object
magnification. Inset shows the device attached to a PC for live cell imaging.
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(a) Hologram of 10um diameter polystyrene microsphere. (b) Reference
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(a) Phase contrast image of polystyrene microsphere. (b) Three-dimensional
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(a) Spatial variation in thickness obtained without any object in the field of
view. The standard deviation of the thickness variation acts as the quantifier
for spatial stability. (b) Histogram of the thickness variation along with the
standard deviation of the distribution.
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(a) Hologram of red blood cells recorded with device shown in Fig. 4.4. (b)
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from the reconstructed phase.
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Photograph of the 3D printed microscope. (a) Showing different components
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(a) DVD pick-up unit lens mounted on voice-coil used for magnification of
the sample. (b) Back and (¢) Front view of the optical pick-up unit.
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Thickness profiling of polystyrene microspheres using portable unit. (a)
Recorded hologram. (b) Numerically reconstructed phase distribution of the
object. (¢) Three dimensional rendering of the computed thickness
distribution. (d) Cross sectional thickness profile along the direction of the
white line shown in Fig. 4.14b
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Thickness profiling of polystyrene microspheres using portable unit. (a)
Recorded hologram. (b) Numerically reconstructed phase distribution of the
object. (¢) Three dimensional rendering of the computed thickness
distribution. (d) Cross sectional thickness profile along the direction of the
white line shown in Fig. 4.14b
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Temporal stability of compact field portable device.
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Holograms of red blood cells recorded by translating the magnifying lens
laterally.
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Quantitative phase images of blood cells obtained by stitching together
multiple field of views
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Blood cell thickness distribution obtained using phase map in Fig. 4.18
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Point-of-care application of the portable LS-DHIM

67
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(a) Sending data (hologram) to the off-site computer. The computer processes
the holograms and extracts the cell parameters. (b) Cell parameters and the
phase maps are send back to the user.
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Converting bright field microscope to quantitative phase imaging
microscope. (a) Optical alignment and laser beam ray path. (b) 3D printed
quantitative phase imaging module.
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Microscope fitted with quantitative phase imaging unit.
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Holograms recorded using the bright field microscope fitted with the 3D
imaging module. (a) Object hologram. (b) Reference hologram
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Quantitative phase imaging using bright field microscope fitted with the 3D
imaging unit. (a) Phase distribution of 10um diameter polystyrene
microspheres. (b) Three dimension rendering of the computed thickness
distribution.
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Quantitative phase imaging of red blood cells using bright field microscope
fitted with the 3D imaging unit. (a) Recorded hologram. (b) Three dimension
rendering of the computed thickness distribution.
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Wavefront division digital holographic microscope using constructed
using laser diode module and CCD array.
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Two-lens wavefront division module
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Conversion of incident laser beam into object and reference
wavefronts.
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WD-DHM calibration. (a) Hologram of 6um diameter polystyrene
microsphere (object hologram) (b) Area of interest inside the blue
rectangle showing fringe modulation due to object. (¢) Hologram of
the medium (oil) surrounding the microsphere (reference hologram).
(d) Region of reference hologram corresponding to where the object
was situated in Fig. 5.4b. It shows a set of linear carrier fringes.
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Fig. 5.5:

Phase subtraction (a) Object phase. (b) Reference phase. (c) Phase difference.
Phase difference is further processed to reduce the background noise.
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Fig. 5.6:

(a) Quantitative phase image of the polystyrene microspheres
obtained after phase subtraction and thresholding the resulting phase
difference distribution with the mean of the background phase. (b)
Reconstructed thickness profile of the microsphere obtained by
plugging the quantitative phase information shown in Fig. 5.6a into
Eq. (3.9). (c) Cross-sectional thickness profile of the polystyrene
microspheres along the line shown in Fig. 5.6a.

79

Fig. 5.7:

(a) Phase variation across the field of view without object. (b)
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(a) Thickness fluctuation (standard deviation of the thickness variation with
time at a particular spatial point) at 10000 spatial points in the field of view.
(b) Histogram of the thickness fluctuation,> Mean thickness fluctuation is
0.88nm.
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Fig. 5.9:

(a) Recorded hologram of human red blood cells in thin blood smears. (b)
Region of interest shown inside rectangle showing fringe modulation due to
the cells.
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Quantitative phase image of red blood cells obtained after hologram
reconstruction and phase subtraction.
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(a) Thickness distribution in red blood cells obtained from phase map shown
in Fig. 5.11. (b) Cross-sectional thickness profile along the line on the cell
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Computed cell parameter distributions (from 2115 cells). (a) Mean
cell thickness. (b) Cell volume. (c) Surface Area to Volume ratio. (d)
Cell Sphericity. Volume of the cells is one of the most important
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surface area to volume ratio decides the oxygen carrying capacity of
red blood cells. The sphericity index indicates how much RBC
deviates from its flats double discoid structure.
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Amplitude of thickness fluctuation at different spatial points inside red blood

cells. Inset shows the three dimensional rendering of thickness fluctuation for

the cell inside the rectangle.
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Peak frequency of thickness fluctuation at different spatial points inside the
cell. Inset shows the three dimensional rendering of peak frequency for the
cell inside the rectangle.
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Photograph of the field-portable Wavefront Division Digital Holographic
Microscope. WD module — Wavefront division module.
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Scattered (reflected) and refracted light work together to hold the particle at
the same position.

Fig. 6.2:

A shift of the particle from the trapped position results in a net fore towards
the region of higher intensity there by keeping the particle in the trapped
position.
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