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Confocal microscopy uses a pinhole or a slit to block defocused light to the detector, allowing us to view different
depths in a specimen with good resolution. Our project has the ultimate motivation of developing a feasible system
using a line-scanning confocal microscope able to analyze cell structure beneath skin without cutting any tissue. A
confocal point-scanning system uses a pinhole and has great resolution however, the system is too big and bulky for
clinical use. While line-scanning systems can be much more compact, however, they use a slit, so, resolution is
diminished as more out-of-focus light can get to the detector, making the images hazy and blurry. Therefore, the main
goal of our group is to increase the sectioning capability and the resolution of our system to improve the quality of
our final image. Our group, then, developed a background subtraction data processing technique which records the
focused and defocused light from the detector, then subtracts the defocused light to eliminate the haziness from the
final data. We used a single line detector to determine our alignment ability and our improvement on the sectioning
capability and resolution with the subtraction technique, which showed an improvement in both the axial sectioning
width as well as a decrease in the background signal.
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Figure 3: Picture of our project

Basics:
• Confocal Microscopy consists of the
use of a pinhole or a slit to block out
defocused light to the detector.
Advantages:
• Ability to collect optical sections
from a thick specimen with good
resolution.
Applications:
• Imaging living cells or tissues;
• Imaging whole solid materials.
Point-Scanning vs Line-Scanning
• Point-scanning systems use a pinhole
while line-scanners use a slit to block
defocused light;
• Point-scanners have all defocused
light blocked at the pinhole position;
the resolution of the system is great
as it only dependent on the size of the
pinhole; the big disadvantage for
point-scanning is the size and
complexity of its system, and these
make the system infeasible for
feasible use;
• Line-scanners are more compact and
are feasible for clinical use, however
due to the physical shape of the slit
some defocused light can get to the
detector, decreasing the resolution of
the imaging of the system.
Figure 1: Basic structure of a confocal
microscope

CONFOCAL LINE-SCANNING MICROSCOPE SETUP

Figure 2: Design of our project
488 nm Blue Laser

Galvanometer used to
sweep the laser line across
the entire section of the
sample

Mirror used to reflect the
laser beam onto a different
path

Optical Lens (see especs)

Filter used to adjust the
intensity of the laser beam

Sample being imaged

Beam Expander used to
enlarge the beam to fulfill
the optical lens aperture

Slit used to block out the
defocused light before it
reaches the detector

Cylindrical Lens used to
focus the laser beam into a
Line (Line-scanning)

Detector used to capture the
signal from the laser beam

Beam Splitter splits the
beam (50% goes through,
and 50% gets reflected)

Beam Blocker used to
block the path of the laser
beam

Forward Path of the
488nm Blue Laser Beam

Return Path (after
reflecting on the sample) of
the 488nm Blue Laser Beam
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Our group began by testing our imaging
system taking some preliminary images.
They were saturated, with high interference,
and the alignment of the system was not
perfect, however the images still had some
resolution. We imaged many samples, such as
a piece of canvas, an ant, a leaf, and a strand
of hair.
To quantify our sectioning capability (ability
to focus on the sample plane and nothing
else), we used the axial intensity response by
using a mirror as the sample. The mirror is
translated through the sample plane while the
detector signal is recorded as a function of
axial displacement of the mirror.
Figure 4: A leaf imaged by our confocal linescanning microscope. Note that the cell
structures (cell walls) are visible.
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Figure 5: Preliminary axial response
data. Note that the signal data is
‘thick’ which identifies large
background interference. The
shoulders of the graph are also very
large which represents a bad
sectioning capability, most likely
due to bad alignment. FWHM of
approximately 23 microns.
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1 – 488nm (Blue) Laser
• used as a light source for the system.
2 – Beam Expander and Cylindrical Lens
• The beam expander enlarges the laser beam for it to fulfil the aperture of the optical lens.
• Afterwards, there is a cylindrical lens which focus the laser beam onto a line (as the
project is a line-scanning confocal system).
3 – Beam Splitter
• The beam splitter divides the laser line onto two paths (50% of the light goes through and
get absorbed by the beam blocker, and 50% gets reflected onto the galvanometer and go
towards the optical lens path).
4 – Galvanometer and Optical Lens
• The galvanometer is an oscillating mirror which rotates at the frame rate of our imaging
detector. The galvanometer ensures the laser line scans the entire area of the sample’s
section (depth).
• The laser light goes through the optical lens and gets reflected on the sample plane,
starting its backwards path, where it returns to the optical lens and back to the
galvanometer.
5 – Slit and Imaging Detector
• On its return path the laser light goes through the beam splitter and gets focused at the slit,
which blocks out most of the defocused light before it gets to the detector.
• The focused light and some defocused light go through the slit and get to the imaging
detector.

POST-PROCESSING AND RESULTS
We assume that the background signal that seeps into our line scanner is slowly-varying, so if
we move the detector sideways, we will not detect the quickly-varying signal that we want, but
only the multiply-scattered signal from the out-of-focus plane. If we subtract the background
signal from the axial response signal, we should be left with only the in-focus signal that we
want
There are two ways in which to quantify the improvement of this background subtraction:
1. By measuring the Full Width at Half Maximum (FWHM) of the resulting curves. The
narrower the curve, the better the microscope is at imaging only the focal plane of the sample.
2. Measuring the reduction in the 'tails'. Line-scanning confocal has more pronounced tails than
point-scanning confocal systems. By eliminating the tails, you reduce the background haze.
We can compare the area under the peak and compare it to the area under the tails of the curve
to produce a ratio that quantifies the amount of background that is allowed into the detector.

OBJECTIVES FOR THIS PROJECT
1. Collect line-scanning images with the camera
• We have a linear CCD camera (a single line of 1024 pixels, size 14 um x 14 um). The width
of the pixels act like a slit of width 14 um.
• The camera has an interface board that makes a signal for the galvanometric mirror and uses
this signal to synchronize the camera signal. The camera signal and pixel and line clock
signals are sent to a 'frame grabber' card in the PC.

2. Use a slit and detector to measure background subtraction.
• Because human tissue is highly scattering medium, we need to do background subtraction to
make the images clearer and remove the background haze.
• Using a slit and large area photodiode, we will measure the 'axial response' of the linescanning system. Then we'll measure the background signal by moving the slit sideways.
Then we'll subtract the background from the signal.
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Figure 6: Data from an axial intensity response using background subtraction:
Red Curve: First run (raw data) with in-focus and out-of-focus signals
Yellow Curve: Out-of-focus data. This curve represents the signal from when the camera and
slit are shifted sideways as we assume the out-of-focus pollution is invariable throughout the
area of the detector.
Blue Curve: Out-of-focus data subtracted from the raw data. Thus, the blue line represents only
the in-focus data.
Note that in comparison with the first axial response showed (Figure 5) this data has
substantially less background noise, and the shoulders are much smaller, which represents a
better sectioning capability. The FWHM of this data is approximately 5 microns, which
represents a significant improvement compared to our preliminary data which had a FWHM of
23 microns.

