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The advent of the Internet has allowed the development of
remote access capabilities to a growing variety of microscopy
systems. The Materials MicroCharacterization Collaboratory,
for example, has developed an impressive facility that provides
remote access to a number of highly sophisticated microscopy
and microanalysis instruments, While certain types of micro-
scopes, such as scanning electron microscopes, transmission
electron microscopes, scanning probe microscopes, and oth-
ers have already been established for telepresence micros-
copy, no one has yet reported on the development of similar
capabilities for the confocal laser scanning microscope.

At California State University-Stanislaus, home of the
CSUPERB (California State University Program for Education
and Research in Biotechnology) Confocal Microscope Core
Facility, we have established a remote access confocal laser
scanning microscope facility that allows users with virtually any
type of computer platform to connect to our system. Our Leica
TCS NT confocal system, with an interchangeable upright
(DMRXE) and inverted microscope (DMIRBE) set up, is acces-
sible to any authorized user via the Internet by using a FREE
software program called VNC (Virtual Network Computing).
Although there are other commercially available software pro-
grams available for remote connectivity, such as PC Anywhere
and Timbuktu, they have some significant disadvantages. Two
of the main problems involve the monetary cost associated
with the need to have the software program installed at both

ends of the connection, and secondly each program is computer
platform dependent. Largely for these reasons, we have chosen
to use the VNC software program for all our remote connections.
It is, in essence, a remote display system which allows users to
view a computing 'desktop' environment not only on the machine
where it is running, but from anywhere on the Internet and using
virtually any computer platform, These features allow our confocal
system to be available to a far wider audience and user base. In-
formation and instructions regarding scheduling and remote ac-
cess to our confocal microscope system are available at our web
site, http://science.csustan.edu/confocal.

A technical assistant is on hand to initially set the specimen
under the microscope and provide the initial plane of focus. Once
connectivity is established, the remote user is able to control virtu-
ally all the functions to conduct real time image analysis and quan-
titative assessments of the specimen. These functions include:
filter selection, zoom, focus, adjustment of pinhole size, PMT in-
tensity for each of the three separate channels, x-y stage move-
ment, parameters for optical sectioning, and laser attenuation us-
ing the Acousto Optical Tunable Filter. The critical component of
the system that allows this remote control is the electronic "panel
box" that drives most of these functions. A motorized stage
mounted on the upright microscope allows users to scan their en-
tire specimen by moving the stage electronically. The Winpos
software program allows remote users to move the stage any-
where within a confined area of the slide that is adjusted by the
staff at the core facility. Users are also able to control the velocity
and acceleration rate of the movement. Additionally, the program
provides absolute x and y coordinate values for each location
viewed on the slide, so that finding a particular site of interest at a
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later time is assured.
Quantitative analysis of the scanned images can be con-

ducted on-line and the data saved by screen capture or other
methods. Two-dimensional stacks can also be used to generate
psuedo 3-D images on-iine using a Leica program available on
the confocal computer, or reconstructed into 3-D images using
the Voxblast software (Vaytek, Inc.) available on-line on a sepa-
rate workstation at the Confocal Core Facility. Freeware pro-
grams, such as NIH image or Scionlmage, may also be
downloaded directly from the internet for 3D reconstruction by the
user on his or her own computer.

Images acquired during a session are directly saved into a
folder located on the confocal computer desktop. This folder is
linked to the CSUPERB Confocal web site and remote users are
able to download their saved images directly onto their own com-
puter at the end of their session by going to the web site. The
images are subsequently deleted from the folder on the confocal
computer desktop at the end of the session. Users can request a
backup zip disc made and be retained at the confocal core facil-
ity. Once a user is done with a session, she/he can turn off the
VNC program on the confocal computer and thus terminate the
session.

Communication between the remote user and staff at the
Confocal Core Facility can be maintained throughout the session
by using a free internet software program called NetMeeting.
This program allows real time auditory contact between the two
sites comparable to a regular telephone connection, but without
the cost. One- or two-way visual contact between the sites is
also an option. The program provides text chat, a white board,
and file transfer features that support a comprehensive environ-
ment for real-time conferencing and collaboration. One limitation
to this program is that it only exists for PC computers at the pre-
sent time.

We have strived to develop a prototype remote access con-
focal microscope system that is relatively inexpensive, simple to
set up and maintain, and is highly efficient. We have used free
software off the Internet whenever possible, or have developed
our own software solutions that we will freely share with the pub-
lic. The intent of this approach is to minimize the cost barriers
that may discourage centers from considering remote access de-
velopment of their own instruments, as well as to open up the
spectrum of remote users that can access the instruments. This
technology is having its greatest impact on education where stu-
dents and faculty at multiple institutions are able to simultane-
ously connect to the instrument for viewing real time specimen
demonstrations, collaboration on research projects, and sharing
of specimen resources among a diverse academic community.1
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The microscope with its accessories is by far the least
understood, the most inefficiently operated, and the most
abused of ail the laboratory instruments.
. .. Shillaber (Author of the "classic" LM text, circa 1950)
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