
Introduction and motivation

To advance quantitative phase imaging (QPI) as a

diagnostic tool, it is necessary to develop it into a high

throughput system. Our method is to use an off-axis Mach-

Zehnder interferometer to image red blood cells (RBCs)

flowing through a micro-chamber with a height of 8.60 µm.

To accurately acquire phase images of flowing cells, it is

necessary to find a precise focal plane of the sample. To

do so, we implemented four different algorithms that have

been proven to work well for static cells on microscope

slides. We use optical volume (OV) as a benchmark for

quantitative comparisons of the different algorithms and the

effects of defocus.

To effectively use this method, the QPI system would need

to image the sample at different orientations to find the

minimum range of OV across orientations, or use

microchannels with proper dimensions to prevent the cells

from tumbling, which in any case, influences the

throughput of the system. In summary, we have developed

a new approach to accurately obtain phase images of cells

during flowing, overcoming the challenge of digital

refocusing for these kind of setups.
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Quantitative phase imaging

Fig 1. QPI system diagram. Path-matched sample (S) and

reference (R) beams create off-axis interferograms imaged by a

CMOS camera, (BS) beam splitter, (RR) retroreflectors. Inset:

Amplitude and phase images of red blood cells flowing through the

chamber. Scale bar = 5 μm.

Development of flow chambers

Chambers were fabricated using SU-8 photoresists.

Coverslips (VWR #1.5, 22x40mm) were spin coated with

SU8 (Microchem) in a headway spin coater. Then, the

substrates were exposed to a pattern mask using a UV

lamp on a Karl Suss MA6 mask aligner. After the

development process, the height of the photoresists was

measured to be 8.60 µm using a profilometer with 5x5mm

of open space. Then, the developed chamber was bonded

to a glass slide with both inlet and outlet using a

customized manual press leveraging bolted joint design [1]

to apply controlled pressure using a torque wrench.

Fig 2. Schematic of the cells flowing through the chamber. 

Different RBC positions and orientations as it tumbles through the 

chamber. 

Watch the 

video here:
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Refocusing vs optical volume

Fig 3. Influence of defocus. (A) Images of tumbling RBCs at

different orientations. Scale bar = 5 μm (B) Optical volume of RBCs

in (A) calculated at different propagation distances. Dashed line:

Minimum range of OV = -3.28 μm.

Parameters for refocusing

For a 𝑁𝑥 by 𝑁𝑦 image, 𝑔 𝑥, 𝑦 , the following metrics were 

calculated [2]:
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𝐑𝐚𝐧𝐠𝐞𝐎𝐕: The propagation distance at which the range of 

OVs of different orientations of the cell is minimum [5].

Where Δ𝑂𝑃𝐿 refers to the changes in optical path length, ℎ 𝑥, 𝑦, 𝑡 is the height 

map of the object, Δ𝑛 𝑥, 𝑦, 𝑡 is the refractive index map and ∆𝜙 𝑥, 𝑦, 𝑡 is the 

phase map.

Tamura Coefficient and Gini Index algorithms are based 

on edge sparsity using the gradient of the complex optical 

wavefront [3, 4]:

where 𝒄 is the data vector (gradient of complex field) of size N and 𝜎 is the 

standard deviation.

Where 𝑎 𝑘 (𝑘 = 1,… ,𝑁) are the sorted entries of 𝐜 in ascending order, and 𝑎 𝑘 =
𝑎 𝑘

𝐜
are the sorted entries normalized by the mean 𝐜 .

Fig 4. Phase and amplitude images of RBC. Phase maps of a

RBC at refocus distance calculated using minimum range of OV,

Min Var, Min Gra, Max Gini and Max Tamura at the top and

corresponding amplitude maps at the bottom. Scale bar = 5μm.

RBCs show orientation-dependent 

absorption

Fig 7. Phase and amplitude images of horizontal and vertical

RBCs. (A) Phase map of a horizontal RBC (B) Phase map of a

vertical RBC (C) Amplitude map of horizontal RBC (D) Amplitude

map of vertical RBC. Scale bar = 5 μm.

Fig 6. Optical volume change using different metrics. Optical

volume changes between horizontal and vertical RBCs during flow

using focusing distances determined by Min Var, Min Gra, Max Gini,

Max Tamura and minimum range of OV (N=50) are 1.39 +1.09%,

15.21 +11.42%, 9.31 +7.61%, 7.48 +7.25%, and 9.94 +6.02%,

respectively. Inset: Example images of horizontal and vertical RBCs

respectively. Scale bar = 5 μm.

Fig 5. OV of tumbling cell refocused using different

parameters. (A) Focusing distance for a tumbling cell calculated

using different parameters: Min Var, Min Gra, Max Gini and Max

Tamura (B) Optical volume of the tumbling RBC propagated by

focusing distances calculated using different metrics shown in (A).

C1 – C5 correspond to the five time points shown in Fig 3A

throughout the flow.
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