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Staining and fluorescence (a)

Fluorescence techniques

. ' tic QPI techni
Confocal microscopy: Noninterferometic QPI techniques

Total internal reflection fluorescence; Transport- of-intensity equation;
Two/multi-photon microscopy; Differential phase contrast;
Light-sheet microscopy; Fourier ptychographic microscopy;
Lens-free on-chip holography;

Super-resolution fluorescence techniques QQQ LCD LED

Stimulated emission depletion microscopy;
Photoactivated localization microscopy;

Stochastic optical reconstruction microscopy; Optical interferometry and holography
Structured illumination microscopy;

Digital holographic microscopy

( \ Laser
Phase contrast techniques

Computational light microscopy

\ Zernike phase-contrast microscopy
° : . :
L} ® Differential interference contrast microscopy

(b) Phase changes
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Dark field
and phase contrast
microscopes
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Principle

Solution

Analysis

Model

Modulation

Source

Linear decomposition

Source points
coherent modes

Coherent properties

Complex intensity;
Wavelengh;
Coherence function;
Spectrum distribution;
Azimuth;
Polarization

Intensity;
Phase;

Angle;
Aperture;
Wavelength;
Spatial coherence;
Temporal coherence;
Polarization;
Paraxial approximation;
etc.
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Sampl
e

Iteraction Diffraction theory

Scalar diffraction theory;
Vector diffraction theory;

Superposition under
plane-wave illumination

Complex transmittance function;
Absorption function;
Phase function;
Refractive index;
Polarization characteristics;

Pure phase/weak object/
slowly varying approximations;
Born or Rytvo approximation;
Multi-slice propagation model;
Non-negative refractive index
approximation;
etc.

Imaging system

Propagation or modulation

Linear systems theory

Linear spatially invariant
system;

2D/3D coherent spread function
2D/3D point spread function;
Coherent transfer function;
Optical transfer function;
4D phase-space model;

Imaging aperture;
Out-of-focus;
Light deflection;
Light intensity masks;
Chromatic dispersion
etc.
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Detector

Intensity detection and
sampling

Amplitude square
Non-coherent superposition

Time average

Spectral response function;
Quantum efficiency;
Single Photon;

Noise statistics;
Modulation transfer function;
Nonlinearity;

Controlled displacement:
lateral and axial;
Spectrum integration:
spectrum response color
cross-talk martix;
Pixelation effects:
binning, downsampling,
pixel response functon,
Bayer filter;
Polarization detection;
etc.
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Hamilton, D. K., C. J. R. Sheppard, and T. Wilson. "Improved imaging of phase gradients in scanning optical microscopy." Journal of microscopy 135.3 (1984): 275-286.
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Differential phase contrast in scanning optical microscopy \
i ..;.,_..-—--—-EE. d
D. K. Hamirtonand C. J. R, SHEPPARD, University of Oxford, Department of Engineering —
?a'eme, Parks Road, Oxford OX1 3P¥ }\' 63 3nm l

KEY WORDS. Scanning optical microscopy, differential interference contrast, Nomarski optics,
laser, biological specimens, image formation, high resolution, optical microscopy.

Amplitude 1mage (d)

Source Objective Object Detector

SUMMARY

High-quality high-resolution transmission and reflection images produced using a scanning
optical microscope and the split-detector technique are presented. These images exhibit differ-
ential phase contrast, the method avoiding some drawbacks of the usual Nomarski DIC arrange-
ment. Imaging is treated theoretically and compared with the Nomarski method.

1. INTRODUCTION

Although Nomarski differential interference contrast (Nomarski, 1955) has become a widely
used and powerful technique in optical microscopy it does have a number of disadvantages. A
compromise must be made between contrast and signal level so that for objects with weak varia-
tions the signal may be very weak and in order to obtain adequate contrast the condenser must
often be stepped down somewhat so that optimum resolution is no longer achieved. In general
the image is formed by a complicated mixture of different contrast mechanisms including
non-differential amplitude and differential amplitude contrast and with birefringent specimens
1t must be used with care.

A method widely used for scanning transmission electron microscopy (Dekkers & de Lang,
1974, 1977) based on a split detector, overcomes these problems, and indeed its use in scanning
Optical microscopy was suggested in the paper in which it was originally described (Dekkers &
de Lang, 1974). However, until now, production of high-quality high-resolution optical images

VSINE tha tarhninna hae nat haan ranartad

Hamilton, D. K., & Sheppard, C. J. R. (1984).
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Quantitative phase-gradient imaging at high
resolution with asymmetric illumination-based
differential phase contrast

Shalin B. Mehta'?** and Colin J. R. Sheppard"?3

'Optical Bioimaging Lab, Division of Bicengineering, National University of Singapore, Block-E3A,
#7-10. 7 Engineering Drive 1, Singapore 117574
*NUS Graduate School for Integrative Sciences and Engineering,
28 Medical Drive, Singapore 117456
*Department of Biological Sciences, National University of Singapore, 14 Science Drive, Singapore 117543
* shalin@nus.edu.sg
*Corresponding author: shalin@nus.edu.sg

Received March 30, 2009; revised May 22, 2000; accepted May 24, 2000;
posted May 27, 2000 (Doc. ID 100303); published June 18, 2000
We describe a full-field phase-gradient imaging method: asymmetric illumination-based differential phase
contrast (AIDPC). Imaging properties of AIDPC are evaluated using the phaze-gradient transfer-function
approach and elucidated with experimental images of an optical fiber and a histochemical preparation of a
skeletal muscle section. In comparison with full-field differential interference contrast, AIDPC does not re-
quire phase shifting for quantitative imaging of phase gradient, provides artifact-free images of birefringent
specimens, requires shorter camera exposure, and has larger depth of focus. It is amenable to transfer-
function engineering, simultaneous fluorescence imaging, and automated live cell imaging. © 2009 Optical

Society of America

OCIS codes: 110.0180, 1104850, 100.5070, 110.4980.

Imaging of biological specimens requires special opti-
cal processing to translate the optical thickness (i.e.,
phase) information to image intensity. Direct quanti-
tative measurement of phase requires use of coherent
illumination, leading to limited spatial resolution,
lack of optical sectioning, and speckle from imperfec-
tions in the optical train. Phase-gradient imaging
methods such as Nomarski’s differential interference
contrast (DIC) can accommodate large illumination
apertures (i.e., partially coherent illumination), alle-
viating the above problems. In scanning optical mi-
croscopy, an intrinsically linear phase-gradient con-
trast method, termed differential phase contrast
(DPC) has been evaluated [1-3]. In contrast to DPC,
DIC images a complex mix of amplitude and phase-
gradient information, necessitating approaches such
a2 nhasa shiftine (PENTOY th astahlizsh a linaar rala-

tical to those of the full-field system with an incoher-
ent source if two conditions are met [11]: (1) each sys-
tem has the same objective apertures (i.e.. pupil
amplitude), P,(£,%) and (2) the sensitivity distribu-
tion of the detector in the scanning system is the
same as the intensity distribution of the condenser
aperture, |P,(£,7)|?, in the full-field system. In sean-
ning DPC, a split-detector or a quadrant diode is
placed in the Fourier plane of the collector, and the
image is formed by subtracting intensities recorded
by two halves of the detector. A reciprocal wide-field
DPC system has an antisymmetric condenser aper-
ture with half of the aperture having negative effec-
tive intensity. We synthesize negative condenser in-
tensity by subtracting two images acquired with
semicircular condenser apertures in the direction of
diffarantiatinn

Mehta S. B. & Sheppard, C. J. R. (2009).
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Quantitative differential phase contrast / \

imaging in an LED array microscope

sample Fourier

Lei Tian'* and Laura Waller® space

! epartment of Electrical Enpineering and Computer Sciences, University of Californiz,
Berkelay, CA, %709 LiSA

Abstract  [llumination-based differential phase contrast (DPC) is a phase
imaging method that uses a pair of images with asymmetric illumination
patterns. Distinct from coherent techniques, DPC relies on spatially par-
tially coherent light, providing 23 better lateral resolution, better optical
sectioning and immunity to speckle noise. In this paper. we derive the 20
weak object transfer function (WOTF) and develop a quantitative phase
reconstruction method that is robust to noise. The effect of spatial coherence
is studied experimentally, and multiple-angle DPC is shown to provide
improved frequency coverage for more stable phase meovery. Our method \

LED
= = - . o | = -
array existing microscope camera

uses an LED aray microscope to achieve real-time (10 Hz) quantitative
phase imaging with in vitro live cell samples.

i 2005 Optical Society of A merica
OCIS codes: (1005070} Phase retricval; (110.1758) Computational imaging: (170.0150) Mi-

cmscopy: (110.3010) Image recanstruction technigues. LED

;
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MCQ-CM

Multimode Quantitative Phase Computational Microscopy




MMC-CM frees the user's hands
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