
I. INTRODUCTION

Video-enhanced microscopy (VEM, or video micro-scopy,
VM) is a technique that combines the magnification power
of a microscope with the imageacquisition capability of a
video camera. The resulting data matrix, from which infor-
mation about the sample can be extracted, is an image or a
series of images. This intimately relates VM to image-
analysis techniques, now frequently with the assistance of
a computer. Current image-analysis software provides a
wide range of analytical features, in addition to image en-
hancement (the improvement of image quality prior to
analysis), which is only briefly treated here. It is obvious
that image analysis is not restricted to VM, but finds appli-
cation within any technique where the data take the form of
an image, e.g., electron microscopy, and other video or pho-
tographic techniques.

Typical information that can be found in images is sam-
ple state, geometry, dispersity, etc. For emulsions, this gen-
erally means droplet size and concentration, which are
important properties of any emulsion. Figure 1 shows a
coarse and a fine emulsion, the behavior of which can be
expected to differ strongly due to droplet size and concen-
tration. Further, the state of fiocculation will indicate
droplet/droplet interactions. Series of images or continuous

video provide information about droplet interactions and
the kinetics of important processes within the emulsion,
like fiocculation and coalescence. All the above parameters
are central to the understanding of emulsion behavior and
emulsion stability.

Microscopy (1-5), photomicrography (6-28), and VM
(29-49) have combined a long history in the determination
of particle and droplet size. A number of studies have been
performed comparing the microscopy methods to alterna-
tive methods, such as those of light scattering (10, 32, 50),
Coulter counting (2, 5, 24, 32, 50), turbidimetry (3, 9, 27),
NMR (33, 45, 46), and others (8, 15, 28). Generally, the
comparison is favorable and objections often relate to the
labor-intensity of the derived methods. Amongst many ap-
plications reported in the literature are the study of vesi-
cles (size and shape) (51, 52), particle trajectories (53) and
emulsion (suspension) kinetics (26, 38, 41, 48, 54-61),
measurement of pair potentials (62), film studies and inter-
facial tension measurements (63-68), and emulsions in
electric fields (3, 13, 69, 70) (Fig. 2), to name but a few, to
illustrate the versatility of such techniques.
II. CHARACTERISTICS OF THE
TECHNIQUE

Figure 3 shows a schematic of a typical VEM set-up. A
video camera (digital or analog) is attached to the phototube
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of a microscope. The image is transferred to the image cap-
tureboard installed on to the computer motherboard (digi-
tization). Image enhancement and analysis is accomplished
with image-analysis software.

Careful adjustment of the microscope is essential for the
achievement of reliable and reproducible results. Light-
source intensity, the focussing of optics, and the adjustment
of field and condenser diaphragms must be carefully con-
trolled. As the droplets are defined by their circumference
gray tone (or color) levels, deviations in the above from
image to image may cause differing measurements of
equally sized droplets. Also, it is important to realize the

operational characteristics of the components in the system.
For example, the video camera is a vital link in the chain,
and different models will handle the relay of the micro-
scope image differently. For CCD cameras, an important
property is the pixel geometry - some cameras have square,
others rectangular, pixels, influencing the data matrix for-
warded to the captureboard.
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Figure 1 (a) Emulsion mixed with a simple rotor paddle; the un-
even distribution of mechanical energy on the liquids has caused
a broad DSD. (b) Ultrasonically prepared emulsion; the dispersed
volume is to a high degree present as very small droplets in a nar-
rowly distributed fraction of the population.

Figure 2 Aqueous droplets dispersed in crude oil and sub-jected
to an electric field: (a) no field; (b) 5 s, 1 kV/cm -droplet orienta-
tion in chains along the direction of the field. The droplets become
small net dipoles in the dielectric oil continuum and are attracted
to each other, forming chains in the direction of the field. High
field strengths will cause interdroplet membrane rupture and co-
alescence. The principle has been utilized for measuring emulsion
stability (i.e., resistance to electrically forced breakdown) in the
high voltage-time domain spectroscopy (HiV-TDS) (71,72) and
conductivity techniques (73).
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Tremendous advances in the development of microscope
optical components (fiters, objectives) have gradually in-
creased the range of applications for microscopy, especially
by improving contrast between the objects of interest and
the background. Much favored examples are differential
(Nomarski) interference contrast (DIC) (74) and phase con-
trast (PC) optics. Often, there is little or no color or trans-
mission contrast between objects and background. There
are, however, differences in refraction index, which give
rise to a change in the optical path through the object, along
with a change in the phase of the light passing through the
object relative to that of the light passing through the sur-
rounding medium. These phase differences can then be
translated into visible intensity differences between the ob-
ject and the background.

For the study of emulsions and the measurement of
droplet size, high sophistication of the optics is not gener-
ally necessary. However, when droplets flocculate into
complex structures, ordinary optics may not be able to pro-
vide a satisfactory clear image of the structure; DIC can
much improve this. Figure 4 shows the three-dimensional
(3-D) representation of the sample which DIC can provide.

It is natural at this point to define the factors limiting the
applicability of VM. First, the sample must have certain op-
tical properties, since the technique relies on the reflection,
refraction, scattering, and absorption of radiation, for in-
stance, visible light, as is the case for optical microscopy.
For emulsions, this means that the sample must be trans-
parent and that the continuous liquid and the droplets must
have different refractive indices or different colors, i.e.,
properties which make them optically distinguishable. Sec-

ond, the resolution limit, and hence the operational size do-
main, is governed by the wavelength of the illumination.
This feature is known as the Rayleigh limit (75) [Eq. (1)]
and results in a physical limit of about 0.2 µm (half the illu-
mination wavelength) (76). The practical limit tends to be
slightly higher, because of rapidly increasing measurement
error with decreasing object dimensions (p. 47 in Ref. 77).
This is caused by diffraction; the image of an object is ac-
tually a diffraction pattern, and the overlapping patterns of
closely spaced objects result in image blurring. Regarding
magnification, there is no theoretical upper limit. Still, in-
creasing the magnification only renders larger, blurred im-
ages of the objects. Innovations in optics have, however,
proven the diffraction-imposed barrier not to be absolute
(78).

The Rayleigh criterion (75):

Video Microscopy of Emulsion Droplets 351

Figure 3 Main components of the VEM experimental setup: (a)
the microscope, including optics; (b) the video-camera; (c) the
computer with captureboard and image-analysis software.

Figure 4 DIC image of O/W emulsion. The droplets appear in re-
lief; droplets beyond the infocus section appear blurred.

where λ is the illumination wavelength, and N.A. is the nu-
merical aperture.

VEM, and in particular when coupled with PC and DIC
optics, permits some bending of the Rayleigh criterion.
Jokela et al. (32) experienced a VEM resolution limit that
was about half that stated by the criterion (0.1 urn). As de-
scribed above, the absence of a magnification limit allows
observation of objects smaller than the resolution limit, but
the images will appear blurred with lack of detail. However,
the contrast-enhancing ability of VEM, PC, and DIC can
help clarify minute features normally lost owing to the blur-

Copyright © 2001 by Marcel Dekker, Inc.



ring diffraction patterns; e.g., Allen (79) observed the be-
havior of individual 25-nm diameter microtubules.

For VM, there is in addition the discretization of the
image resulting from the digitization. The image is trans-
formed into a matrix of colored or gray-scale dots, the pix-
els. The spatial dimensions of the pixels set the actual
resolution of the image.

A further restriction relates to the three-dimensionality
of the sample. The image is necessarily two-dimensional
(2-D), although an increased depth of field (in the direction
normal to the image plane) can provide information about
a thicker optical section of the sample. For emulsions, this
feature is clearly rather important, as these are very much
3-D and structurally dynamic as well. The choice of where
to place the focal plane can strongly influence the data. For
examining droplets and sampling a population for determi-
nation of the droplet size distribution (DSD), the simplest
way will be to accumulate the droplets along a narrow focal
plane. If the method of sample preparation (i.e., the con-
tainer) provides a sample with a volume large enough in
three dimensions for the droplets to move by gravity (e.g.,
microslides, see Sec. Ill), the droplets will ultimately accu-
mulate along either the upper (ceiling) or the lower (floor)
wall of the cell. Thermal movement may cause a size dis-
tribution function within the cream or sediment (55), as
smaller droplets will diffuse more strongly than larger ones
in a direction normal to the sediment plane. However, this
need not be a factor, given large enough droplets or depth
of field. It is more likely that small droplets will avoid
measurement by not sedimenting into the focal plane within
the time of measurement (Fig. 5). This exemplifies one of
the clearer shortcomings of the technique - the 2-D repre-
sentation of 3-D data.

Frequently, another restriction arises from the nature of
the emulsion sample, namely that of disperse concentration.
High droplet concentrations can cause droplet overlap, and
small droplets tend to be obscured in strongly flocculating
systems. Often, some degree of dilution is required, the
chemical system allowing. As this may lead to changes in
emulsion stability and consequently droplet size, it is im-
portant to apply dilution methods that do not influence the
sample adversely in an uncontrolled manner. Basically, in
surfactant-stabilized emulsions where the parameter of in-
terest is dro-plet size, it may prove useful to dilute with the
liquid of the continuous phase containing the surfactant at
corresponding concentrations. This is, however, system de-
pendent. For example, it usually proves sufficient to dilute
crude oil-based W/O emulsions by adding the original
crude oil. In any case, it is vital to control any changes in
component concentrations which involve the crossing of
phase boundaries and the distribution of components be-

tween phases. In creaming/ sedimenting emulsions the
thickness of the cell will influence the degree of dilution
necessary - a “thick” sample (long viewpath) represents a
larger pool from which the droplet concentration at the cho-
sen focal plane can increase.

III. SAMPLE PREPARATION

Sample preparation is a science in itself, due to the diversity
of the systems studied with microscopy. Emulsions can be
prepared in several ways, according to which parameters
one seeks to observe and measure. The most common way
of studying a sample droplet deployed between an object
slide and a cover slide is prone to pollution and distortion
(evaporation, shear). Often, some form of sample cell may
be used with advantage. Hollow, flat microcapillaries are
one example (Fig. 6). Within such a cell, the sample can re-
main protected against the surrounding working environ-
ment, which makes them ideal for long-term observation.

A microslide is a flat, rectangular glass tube with plane-
parallel cross-section. A liquid sample can be introduced
simply by letting capillary forces pull the liquid into the
slide. The prepared sample can then be secluded from the
surroundings by covering the tube ends, e.g., with some
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Figure 5 Effect of Brownian motion on the measurement of the
DSD in a sediment. Small droplets take part in chaotic thermal
motion in a direction normal to the sediment plane. The histogram
shows that a significant part of the smaller droplets are withdrawn
from the DSD as measured in the sediment; 67% of the droplets
measured in the 1-µm class were not found within the sediment.
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inert wax or grease. This way, the risk of evaporation and
contamination altering the sample can be reduced signifi-
cantly. However, the slide is made from glass and is there-
fore susceptible to influence from the sample. The surface
is not perfectly smooth. Further, glass is slightly negatively
charged, and will interact with other charged species in the
sample, e.g., charged droplet surfaces. Adsorption at the in-
terface by an anionic surfactant would expectedly reduce
droplet/glass attraction, extending the lifetime of the sam-
ple and allowing observations of droplet kinetics over time.

Well-stabilized emulsions are not so vulnerable as to
change through immediate coalescence. This fact can be
utilized by letting droplets cream or sediment to the upper
or lower cell wall, forming a slightly concentrated layer
within a narrow focal zone. This simplifies the accumula-
tion of data. However, if the droplets tend to coalesce rap-
idly upon collision, or it is desirable to retain the 3-D
structure of the sample, one may increase the viscosity of
the continuous phase (e.g., glycerin) or solidify the sample
altogether (freezing). For kinetic studies, a cell preparation
technique must be used (29, 30, 38, 41, 48, 54, 55).

Jokela et al. (32) developed a flowcell system for VEM-
assisted DSD measurements. Images of nonsedi-mented
droplets were analyzed, and the method per-formed favor-
ably compared to light-scattering and Coulter-counting
methods. It follows that such a technique would work better
with less-stabilized droplets than would the microslide
technique, as droplet contact (with each other or the cell
walls) could be reduced. The central features of VEM-as-
sisted DSD determination are discussed in Ref. 32.

Further, the properties of glass surfaces can be changed
to suit the current experiment. A common procedure in, for
example, chromatography, is silylation, which allows alter-
ation of the surface hydrophilicity by introducing a less
polar substituent at the silanol groups. An example of a sily-
lating agent is HMDS (hexamethyldisilazane), which reacts
with the glass by the following reaction (80):
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Figure 6 The microslide - a thin, flat rectangular micro-capillary
of glass, useful for preparation of liquid samples vulnerable to
evaporation or shear.

The less polar and geometrically restricting -Si(CH3)3
now extends outwards from the surface, efficiently reduc-
ing surface polarity and also functioning as a steric repulsor.
Other reagents can provide a range of properties, e.g.,
through different alkyl-substitutent chain lengths.

IV. IMAGE ENHANCEMENT

Image enhancement signifies any process, which when ap-
plied to the image, improves its quality, hereunder clarify-
ing the features of interest for the subsequent analysis and
measurements. Before the arrival of the digital age, simple
but valuable enhancement operations were performed with
the aid of specialized equipment. Now, image-enhancement
software permits the same and more to be done digitally,
increasing method versatility tremendously. The different
processes vary greatly in complexity and, hence, the com-
putational power required. However, currently available
computers provide this in affluence at minimal cost, leaving
the main issue to be the flexibility of the software (often
three times as expensive as the machinery on which it is
run).

The first category of enhancement processes work on
every pixel, disregarding its immediate neighborhood. Typ-
ically, this encompasses enhancement of contrast and ad-
justment of brightness. These functions have been available
since before the introduction of the computer into the mi-
croscopy setup, through analog image enhancers (made ob-
solete through digital treatment of the image). Seemingly
trivial, a little effort here can greatly contribute to the qual-
ity of the data to be extracted at a later stage, as well as
making the task easier. The second class of procedures
works on each pixel relative to the adjacent pixels. Typi-
cally, a matrix assigning new values to the central pixel and
its neighbors, altering their relative intensities, is run across
the image. This is used for enhancing edges, filtering out
noise, etc., and represents a very powerful way in which to
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improve image quality. Figure 7 shows how blur and noise
can be removed, enhancing detail and preparing the image
for analysis.

V. IMAGE ANALYSIS AND MEASUREMENT

An image contains a lot of information that in different
ways can be useful when attempting to describe the sample.
However, when the task at hand is that of determining
droplet size and the size distribution, the procedure of
measurement uses only a small amount of this information.
In its purest sense, the procedure seeks to distinguish the
droplets from their surround-ings (the background) and
from each other, and then to perform the measurement on
each of the defined droplets. The most primitive way is, of

course, when the operator performs both the denning and
measurements manually, a course which does not really
need the assistance of a computer (although this may some-
what ease the tedious work). For complex systems this may
be the only way to go, because the decision process of
defining separate droplets is too complicated for a practical
and reliable use of automated procedures that may be found
within the software. For simpler systems, such procedures
may tremendously simplify the generation of statistically
sufficient amounts of reliable data, making the method a
competitive alternative. Readily analyzable samples are
typically dilute and nonflocculated, with a rather narrow
distribution of droplet sizes. Figure 8 shows an image
which does not permit automated measurement.

The general procedure is simple: first, define the param-
eters distinguishing the droplets from the back-ground. This
is typically accomplished by performing a thresholding on
the basis of gray scale (or color) pixel values characteristic
to the droplets. The second step is based on shape criteria;
a droplet has a monotonic curvature, and a break in the mo-
notony represents a droplet-droplet contact. The images in
Fig. 9 show the analysis and measurement procedure. The
resulting histogram is shown in Fig. 9e.
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Figure 7 Sharpening of image features: before (a) and after (b)
spatial filtering.

Figure 8 Analytically demanding emulsion: droplets are largely
coagulated into 3-D floes; particles are present in the droplet size
range. Such an image is extremely hard to analyze by automated
software routines, and consequently demands strong participation
by the operator. On the other hand, this procedure remains the
only true alternative for handling such systems, as other tech-
niques will not be able to resolve flocs or even discriminate be-
tween particles and droplets.
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Figure 9 A readily analyzable image; droplets are clearly distinguished from the background by characteristic gray-tone values, and flocs
are 2-D: (a) the raw image; (b) thresholding - defining droplet pixel values; (c) separating droplets within floes; (d) measurement of
resolved image; (e) DSD of image.
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When measuring the droplet size manually, the diameter
comes out directly. The automated procedure will attempt
to calculate the diameter from the droplet outline resulting
from the thresholding. If, for some reason, the droplet is
distorted and has an ellipsoidal shape, the return value
might be the maximum, the minimum, or an average value,
according to the set preferences. It may instead prove useful
to measure the area within the outline and calculate the di-
ameter on the basis of this. In any event, it is crucial to be
aware of the criteria on which the program founds its return
values.

Figure 10 serves as an example of calculation of the
droplet diameter from the area of the pixel disk that was
denned as belonging to a droplet through thresholding
(Waddel disk diameter, DWD). The pixel dimen-sion is
0.23 µm, giving a pixel area of 0.0529 µm2. The number of
pixels in the 1-µm diameter disk is 16, while 61 pixels give
2 µm, and 132 pixels give 3 µm. Equation (2) yields the
DWD

and width of classes. A higher number will, when applied
to a sufficiently high number of measurements, give a bet-
ter representation of the overall shape of the real population
distribution.

It is suggested (81, 82) that the class width should be
chosen according to the distribution width; arithmetic pro-
gression (width constant, independent of droplet size) is
sufficient for narrow distributions, while broad distributions
should be presented with progressively increasing class
width with increasing droplet size (equal differences be-
tween logarithms of the diameters, geometric progression).
The reason for this is the fact that emulsion droplet diame-
ters tend to be lognormally distributed (81, 83, 84).

The frequency distribution of diameters is the most
widely used way of presenting population size data. It con-
tains useful information which aids the prediction of emul-
sion kinetic behavior; e.g., sedimentation and diffusion are
functions of droplet size. Also, one can follow the evolution
of the DSD as a function of time, the shift towards
fewer/larger droplets being evidence of droplet-depletion
mechanisms, such as coalescence and Ostwald ripening.
From the distribution, the kinetic coefficients can be calcu-
lated, allowing prediction of how the DSD will develop
(e.g., 48, 55). This is described in detail by Dukhin et al.,
Chapter 4, this volume. Figure 11 shows how the addition
of a demulsifier can destabilize an emulsion and bring
about emulsion resolution. The example is a water-in-crude
oil emulsion, the demulsifier a phenolic resin alkoxy-late.
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where Ap is the area of each pixel, and np is the number of
pixels in the disk. From the Fig. 10 it is clear that the poten-
tial error accompanying the DDW increases rapidly with
decreasing droplet (disk) size.

VI. TREATMENT OF VM SIZE DATA

The digital image consists of a regular matrix of pixels,
which means that the number of different values that can
be measured is limited. In reality, of course, the distribution
is continuous; the digitization imposes discretization. In any
case, since this is a direct method and the number of
droplets counted and measured is finite, the resulting distri-
bution will take the shape of a histogram. The histogram
shows the frequency distribution for the assigned number

Figure 10 Influence of digital resolution on the exactness of meas-
urements.

Figure 11 Effect of a demulsifier; a phenolic resin alkoxylate
commercial demulsifier accelerates water/crude oil resolution.
The demulsifier was added to 50 ppm to a 40% (v/v) water/oil
[7.8 wt% asphaltene in 30/70 (v/v) toluene/decane]. The his-
togram shows the DSDs of the emulsion with demulsifier and the
reference emulsion after about 2 h.
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It is often more useful to apply cumulative distribu-tions
to illuminate characteristic features of and difference be-
tween datasets. The cumulative distribution adds the con-
tents of the next class to the sum of all previous classes,
yielding the well-known S-curve for normal or lognormal
distributions. Figure 12 shows the normalized cumulative
volumes of four emulsions with varying contents of sur-
face-active matter. Asphaltenes and resins are classes of
large, surface-active molecules found in crude oil. These
are expected to be responsible for the stabilization of water
droplets mixed into the oil, and the relative amounts and
properties of asphaltenes and resins present in the oil will
affect their state and emulsifying behavior. Figure 12 shows
how the introduction of a resinous fraction may improve
the emulsifying power of an asphaltene surfactant fraction.
All emulsions were prepared as a 40% (v/v) solution of
3.5% NaCl in a 70/30 (v/v) decane/ toluene oil with asphal-
tene/resin. The asphaltene fraction was the pentane-insolu-
ble part of a crude oil, while the resin fraction was adsorbed
from the pentane eluate on to silica, then washed with ben-
zene and desorbed with a methanol/dichlorodecane mix-
ture. As can be seen in Fig. 12, a “high” asphaltene content
(1.5 wt% of the dispersed phase) can stabilize a larger in-
terfacial area than a “low” concentration (0.5 wt%), putting
a greater part of the dispersed volume in small droplets.
The “low” asphaltene content emulsion also shows that a
great part of the dispersed volume is found within a few

large droplets, reducing the accuracy of the DSD determi-
nation. Introducing a resinous fraction, a “low” concentra-
tion (6.31% the mass of asphaltene) has little effect on the
relative distribution of droplet sizes within the two emul-
sions, while a “high” concentration (25%) further increases
the emulsifying power of the asphaltene fraction, resulting
in a still higher part of the dispersed volume to be found
amongst small droplets. It has been suggested (85) that
resins may assist the inclusion of asphaltene aggregates into
the water/oil interface, thus improving its stabilization. A
70/30 (v/v) decane/toluene oil contains both monomeric
and aggregated asphaltene; aromatic toluene is a good as-
phaltene solvent, while decane is not.

Measurement of small droplets is more prone to error
than measurements of large (though undistorted, see below)
droplets. However, given a 1-µm class width and 10% error
in the diameter of a 2-µm droplet [D � (1.8-2.2 µm)], the
measurement will still be recognized in the histogram as an
element in the 2-µm class. In a common VEM set-up with
a 60 × magnification microscope objective a typical digital
resolution is of the order 0.1 µm/pixel. A 10% measurement
error for a 1-um droplet is then the equivalent of 1 pixel, 2
pixels for a 2-µm droplet, and so on. As a consequence of
this, it is clear that the relative error of a measurement de-
creases with increasing droplet size. Figure 13 shows the
problem of approaching the digital resolution limit.
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Figure 12 Water droplets in model oils with asphaltene and resin fractions extracted from a crude oil; normalized cumulative volume
showing the effect of asphaltene and resin content. Key: emulsion 1 - high asphaltene, no resin; 2 - low asph., no resin; 3 - high asph., high
resin; 4 - high asph., low resin.
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As droplets grow larger, gravity can affect their shape.
This is also a function of interfacial tension -higher inter-
facial tension acts to uphold the spherical shape. This
means that there is an upper limit above which measure-
ments will be increasingly marred by error. When observ-
ing droplets residing on the cell wall in a direction parallel
to the direction of gravity, which is normally the case, the
droplets will appear to be circular, but the diameter of the
oblate will be larger than that of the volume-equivalent
sphere, as illustrated in Fig. 14.

Often the brightness levels characterizing the droplet
outline may vary with droplet size. This can influence the
thresholding process, where the outer boundaries of the
droplets may be wrongly set, causing underestimation of
the size. Again, this underlines the importance of proper
image preprocessing prior to analysis.

Due to the directness of the VM method, the exactness
of the single measurements should be high. However, to
describe the true shape of the population profile a high
number of measurements is needed for statistical reliability.
To achieve an error of 5% at the 95% confidence level, 740
droplets must be counted (86).

Different representations of the data will be differently
influenced by missing data, which is, typically, an under-
counting of droplets within the extreme size classes of the
population. When using a mass- or volume-based distribu-
tion, an underestimation of dro-plets at the upper end of the

size scale may severely reduce the correctness of the distri-
bution, as one 20-µm droplet has the mass and volume of
1000 2-µm droplets. It is easily realizable that if 1000
droplets are counted from, say, three or four images, the
num-ber of large droplets counted may not be truly repre-
sentative of the sample. This will cause a shift in the distri-
bution. However, it is to some extent possible to perform a
mathematical fit of the data set (when key features of the
distribution function are known), thus reducing the adverse
influence of missing data. Such a fit is shown in Fig. 15.

VII. SUMMARY

The use of microscopy for emulsion studies is well estab-
lished and the technique is generally regarded as a reliable
way of generating, for example, DSDs. Traditionally, a
labor demanding and tedious task, emerging image-analysis
software technology provides opportunities for automated
or partially automated droplet counting and measurement.
However, alterna-tive methods are often favored owing to
a higher degree of simplicity of operation (which in parallel
makes them quicker). Still, microscopy remains the only
technique that offers direct observation of the sample, a fea-
ture that allows a greater control of sample state - e.g., de-
gree of flocculation - which is unri-valled by any other
technique. Another important advantage is the ability to fol-
low the behavior of single droplets or a set of droplets,
which creates opportunities for studies of droplet-droplet
interactions. The examples included in the chapter attempt
to underline the sensitivity and versatility of derived meth-
ods. Through developments in the fields of optics and
image enhancement and analysis, VM will find conti-nu-
ingly expanding applicability within very diverse research
disciplines.
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Figure 13 Example of decreasing reliability of measurement of small droplets when approaching the digital resolution of the image (ex-
ample: 0.2326 µm/pixel): 1 pixel renders a Waddle disk diameter of 0.25 µm; 4 pixels - 0.5 µm; 8 pixels - 0.75 µm. All objects will register
within the 0.5-µm class (given 0.5-µm width.)

Figure 14 Gravity-induced deformation of droplets.
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