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Introduction:

In photomicrography, two fundamental problems often arise in
practice: The higher the magnification and the higher the thickness or
three dimensional extension of the specimen, the lower is the depth
of focus which can result in parts of the specimen being indistinct.
The larger the area of the specimen, the lower is the resolution in im-
ages showing the specimen in a total view. Additional problems will
occur, when the lowest magnification of the respective microscope is
not low enough for inclusion of the specimen’ total size so that only
parts of the specimen will be visible in photo micrographic images.
Table 1 presents the focal depth and lateral resolution of microscopic
objectives with regard to their magnification and numerical aperture
(modified from [4] and [7]).

In this article, several solutions for these problems are described
and discussed, based on optical components and specific software
tools for computer-based image processing.

Materials and Methods:

The various techniques for wide field and deep focal imaging
are demonstrated on examination of four different specimens (Fig.
1 and 2): An histological section of a stained mouse embryo (total
length: 24 mm), a stained section of the human eye (total length: 26
mm), a wing of a butterfly (total length: 22 mm) and a small starfish
(diameter: 55 mm), prepared in total.

The cover slip preparations were examined in transmitted light,
using a common laboratory microscope (Leitz/Leica Dialux), the
starfish was observed by a stereo microscope in epi-illumination.

The laboratory

{ microscope was

equipped with

an Olympus Ca-
media C-7070
digital camera,

the stereo mi-

a croscope with

a digital Canon
Powershot A 95
compact cam-

era. Macro im-

ages were taken

by two different

b digital compact

: cameras (Casio
Exilim EX-Z 110,

6 megapixels and

a Sony Cyber-

shot DSC-W 90

,8 megapixels),

and also by a dig-

c ital mirror reflex
camera (Canon
EOS 350 D, APS-
chip, 8 megapix-

butterfly

wing

Fig. 1: Cover slip preparations of large-area
specimen (further explanations in the text), a: mouse
embryo, b: human eye, c: butterfly wing
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els), equipped with an high-end
macro lens (Leica Macro-Elmarit-
R 1:2,8 60mm).

Computer-based, wide field
images were composed with
the help of stitching software
(“panorama’-software); in this
respect, AutoStitch [1] and Photo-
Stitch [2] lead to the best results.
Three dimensional deep focus
reconstructions were created by
several stacking software (Com-
bine Z 5 [5], Picolay [3], Helicon
Focus [6]).

Solutions and results in wide
field imaging:

Fig. 2: Starfish, prepared in
total, diameter: 55 mm (further
explanations in the text)

When a large-area specimen
has to be photographed, common
digital cameras can be used in
macro mode. According to several
tests, chips containing 6 or 8 mega-
pixels are suitable for this task. For
physical reasons digital compact
cameras equipped with small chips
lead to an enlarged focal depth in
close-up. Thus, good results can
be achieved by freehand photog-
raphy. Fig. 3 shows two freehand
images of the mouse embryo both
taken with the digital compact cameras (Casio Exilim EX-Z and
Sony Cybershot DSC-W90). The slide was fixed on a clear and clean
windowpane and illuminated by skylight. The Casio camera leads
to a higher planarity, the Sony camera is characterized by a higher
local resolution but a lower peripheral sharpness. Nevertheless, these
cameras seem both to be suitable for simple and easy documentations
of large-area specimens.

Fig. 3: Mouse embryo
photographed with digital
compact cameras in macro
mode, a: Casio Exilim EX-Z
110 (6 megapixels), b: Sony
Cybershot DSC-W 90 (8
megapixels)

Table 1: Typical values for depth of field and lateral resolution
in light microscopy (modified from [4] and [7])

Magnification Numerical Depth of Field relg?){leli?(l)n
of objectives Aperture (micrometers) e

4x 0.10 55.5 4.5

10 x 0.25 8.5 L.5

20 x 0.40 5.8 0.9

40 x 0.65 1.0 0.5

80 x 0.85 0.4 0.4

100 x 0.95 0.19 0.35

Further improvements of the image quality were achievable
when the digital mirror reflex camera was used together with the
high end macro lens. When specimens are taken in transmitted
light, equipment for reproductions of diapositives can be helpful
for preparing the slide. Duplicating adapter suitable for this pur-
pose can be bolted within the macro lens instead of a filter. Fig. 4
demonstrates the mouse embryo from fig. 1 and 3, taken with the
Canon EOS 20 D camera, equipped with the Leica macro lens and
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Fig. 4: Mouse embryo photographed with a Canon EOS 350 D mirror
reflex camera, Leica macro lens and Hama duplicating adapter.

a duplicating adapter. It is evident that the macro lens and the high
resolution chip of the mirror reflex camera lead to improved results
when compared with digital consumer compact cameras. Sharpness,
contrast, and planarity are optimized; the image quality seems to be
comparable with stereomicroscopic results.

Using a light microscope, full size photos can be produced in
large-area specimens by higher magnifying lenses when composite
images are created with the help of specific stitching software. To
achieve this, a sequence of various single images was taken, each
showing a different part of the specimen. In this sequence, adjoin-
ing images must overlap in their marginal regions so that congruent
structures in the marginal zones of these images can be detected by
the software. Based on this, all single images can be arranged within
a matrix and combined with each other so that a high resolution full
size image of the specimen is reconstructed.

a b

Fig. 5: Human eye, computer-based large-area reconstruction, bright
field, plane objective 1,0x, ocular 5x (software: PhotoStitch) ; a: matrix
consisting of nine single images b: resulting composed image

Fig. 5 shows the section of a human eye as an example for a soft-
ware-based reconstructed image of a large-area specimen. In this case
PhotoStitch was used as software. Intentionally, the specimen was
illuminated in low brightness, so that the equalization of brightness
within the yellowish background achievable by image processing is
clearly documented. According to our own experiences, PhotoStitch
(Canon utility) and AutoStitch (freeware) can be successfully used
for these reconstructions in all fields of light microscopy.
Solutions and results in deep focus imaging

When details of three-dimensional specimens have to be
documented in high magnification images, the depth of focus can
be enhanced when the image is taken with a low magnifying lens;
the lower the magnification, the higher is the focal depth. After this,
small regions of interest can be clipped from the total image in a
second step to achieve documents just showing interesting details.
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Thus, small parts of the primary photo are used only for the final
images. This technique is effective with lower resolution and lower
contour sharpness when compared with images taken by higher
magnifying lenses. On the other hand, these negative effects can be
minimized by appropriate postprocessing techniques. The result-
ing final images can be improved with the help of software-based
postprocessing procedures in several ways, e.g. reduction of noise,
pixel interpolations, enhancements of contrast, contour sharpness
and color saturation, modification of gradation etc.

All important parameters for image quality can be fundamen-
tally improved when stacking software is used. By this technique, the
details of interest can be taken with high magnifying lenses, so that
the complete area of the primary photo can be used as final image.
To achieve good results, a sequence of various single images must be
taken in different focus zones. On this way, a complete vertical scan
of the specimen is made; the principle of this procedure is the same as
in radiological scanning techniques carried out in computer tomog-
raphy and nuclear magnetic imaging. Next, all images of the scan are
superimposed with each other with the help of the respective stacking
software. In all images, only zones that are in focus are selected. The
final three dimensional reconstruction resulting from this selective
superposition shows a sharp and deep view of the specimen’s detail
that is free from any relevant regional indistinctness. With regard to
focal depth, images composed by stacking software can be compared
with results in scanning electron microscopy.

Fig. 6: Wing of a butterfly, dark field illumination: a: low magnified
single image, plane objective 6,3x, ocular 10x, horizontal field width
(HFW): 1,5 mm. The detail of interest (marginal scale) is marked by
a white frame. b: section from fig. 7 a showing the interesting detail
in high magnification, optimization of the resulting image quality by
software-based postprocessing, HFW: 0,2 mm, c: high magnified image,
plane objective 40x, ocular 10x, HFW: 0,2 mm. d: three dimensional
reconstruction, based on 25 single images with different focal planes,
plane objective 40x, eyepiece 10x, HFW: 0,2 mm (software: Combine
Z5)

Fig. 6 demonstrates the capabilities of the optical and software-
based techniques described above. The butterfly wing, prepared in
total, was successively photographed in dark field illumination using
6, 3-times and 40-times magnifying lenses. The final images result-
ing from the respective procedures show the same marginal scale of
this wing in identical views. It can be seen that the 6, 3-times lens
lead to a much higher depth of focus than a single shot taken with
the 40-times lens. Moreover, it is evident, that the maximum image
quality can be achieved by stacking techniques based on the higher
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Fig. 7: Main screen in Helicon Focus, arm of a starfish, stereo
microscope, epi-illumination, objective 2,0x, ocular 10x, HFW: 4 mm,
sequence of 7 single images with different focal planes (further explanations
in the text): a: initial situation, showing a representative single image, b:
final three-dimensional reconstruction

magnifying 40-times lens.

All stacking software tested lead to useful results so that it can
be recommended for three dimensional reconstructions in light
microscopy.

As an example for the principles of the computer-based work-
flow, fig. 7 shows some views of the main screen in the software
Helicon Focus. Using a stereo microscope, various images were taken
from an arm of the starfish shown in fig. 2. The complete sequence
consisting of seven single images is arranged on the right; one ex-
emplary single image and the final three dimensional reconstruction
are situated on the left.

Additional technical remarks:

When wide field images of specimens are taken by digital
cameras in macro mode, autofocus and automatic white balance
software facilities work correctly in most cases. When a sequence of
serial images is created for a software-based wide field composition
it is very important for the resulting image quality that brightness
and illumination are constant in all single images. Otherwise, inho-
mogeneities within the background will occur, because the stacking
software mostly is not capable of equalizing all existing differences
in brightness. According to our own experiences, AutoStitch seems
to be more capable in equalizing such differences than PhotoStitch.
On the other hand, in AutoStitch the processing time for rendering
is about 10 times higher than using PhotoStitch.

All stacking software we evaluated work in a comparable and
useful manner. Nevertheless, the software-specific algorithms for
image processing differ from each other. Thus, in some cases, one
particular software can lead to better results than the others. In
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monochromatic light, Helicon Focus, for the most part, works with
superior precision, whereas Combine Z 5 and Picolay may not be
capable in detecting sharp structures within monochrome images.

When serial images are taken with a stereo microscope the
single images can be successively shifted in horizontal or vertical
direction when the stage or the objective are moved up and down.
In this situation, Combine Z 5 is mostly capable in centering these
stacks correctly, whereas the other tools may produce centering
failures in the final reconstructions. Linear structures can be recon-
structed in a maximum contour sharpness with the help of Combine
Z 5 in most cases. In automatic mode, just one preset is available in
Helicon Focus, and three presets are offered by Combine Z 5. In
Picolay, five different presets are implemented so that five separate
reconstructions are created from each image sequence when ren-
dered automatically. Therefore, in some specimens Picolay can lead
to superior results when reconstructions by the other tools may not
be adequate. In some specimens, the resulting final sharpness can be
enhanced further when two sequences of single images are separately
superimposed and both resulting reconstructions are superimposed
again in a second step (double stacking).

Apart from enhancements in the focal depth, stacking software
can also be used for some other interesting tasks. For example, poor
quality images caused by unsteadiness in the imaging system (camera
shake) can be corrected, also when images of flat specimens with a
low vertical depth are encountered, or when a stack of single images
is superimposed consisting of several images with small differences
in focus. In this way, the resulting global sharpness can be optimized
in all microscopic applications. When a specimen is illuminated in
very high contrast, e.g. in dark field, some regions can appear in
maximized brightness, other zones in maximized darkness. In these
cases, the homogeneity of brightness and contrast can be improved,
when various single images are superimposed, despite being different
in their exposure. Thus, ultrahigh ranges in brightness and contrast
can be equalized. When a specimen is successively photographed in
different illumination modes or illuminated by various light sources
with different color temperatures or wave lengths, new and improved
contrast effects can result by stacking the different images via a
sandwich technique. Fig. 8 shows an example of a bicolor sandwich
in phase contrast created by this technique. A native epithelial cell

Fig. 8: Human epithelial cell from the oral mucosa, live-preparation,
phase contrast, plane objective oil 100x, ocular 12,5x, HFW: 0,05 mm,
superposition of 11 single images per sequence, double-stacking, bicolor
sandwich technique (further explanations in the text)
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was taken in bulb and flash light illumination; both resulting images
were superimposed using Combine Z 5. As the color temperatures
are different, a new element of color contrast occurs whereby the
fine structures, especially at the margin of the cell membrane, are
accentuated because of the coincidence of red-yellow bulb light and
blue flash light.

Discussion:

Wide field imaging is an interesting option especially for didacti-
cal purposes when specimens need to be photographed at life size to
show a global view of their topography. When a transparent stained
specimen is illuminated in transmitted light (bright field) large-area
images can be taken by a digital camera used in macro mode. This
technique is also suitable for non transparent specimens examined in
epi-illumination. The lower the area of the sensor within the camera,
the higher is the focal depth, but the lower is the maximum realizable
resolution and the higher the potential noise level may be. Thus, it is
dependent on the special characteristics of the specimen, which type
of digital camera (compact or mirror reflex) will lead to better final
results. However, computer-based compositions carried out with the
help of stitching software, suitable also for common panorama views,
are useful in all illumination modes implemented in light microscopy.
Moreover, the resolution of composed images is much higher than in
corresponding one-shot images, because higher magnifying lenses
with a higher numerical aperture are used in this technique. On the
other hand, much more processing time is necessary than taking one
single image in macro mode.

In all fields of photomicrography, the achievable quality of
images can be fundamentally improved with the help of stacking
software. In principle, the depth of field can be maximized nearly
infinitely so that final results are comparable with images in scanning
electron microscopy. In many cases, specimens characterized by a
large vertical dimension can only be photographed in a satisfying
manner with the help of stacking techniques. Moreover, inaccuracy
in focusing caused by physiological variability in the accommodation
of the human eye can be avoided when the sharpness of fine details
within the specimen is enhanced by stacking software. In special
situations, additional contrast effects or an improved homogeneity
in brightness and contrast can be achieved by sandwich techniques
when several images are taken in different illumination or different
exposure and superimposed with each other.

All software tools tested work in a very efficient manner. In most
cases, the processing time for rendering is just a few minutes when
modern computers are available. Therefore, these techniques can be
easily integrated in each photographic microscopic workflow. H
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