
Cell Boundary Analysis Application and Electronic Records System 
for Biomedical Research

The system enables quick and accurate measurement of cell geometry and statistics and is compliant with FDA 21
CFR Part 11 requirements for electronic record storage.  This custom LabVIEW-based application interfaces with
several brands of specular microscopes for image capture, analysis and reporting using a single software platform.
G Systems developed the system using NI Vision software tools and an NI IMAQ image capture board.

Cell Boundary Analysis Application and Electronic
Records System for Biomedical Research

The Challenge

The challenge of this application was to develop an integrated
solution interfacing different brands of specular microscopes for
image capture, analysis, and reporting using a single software
platform. The challenge included developing a cell geometric
analysis algorithm while complying with FDA 21 CFR Part 11
regulations.

The Solution

G Systems developed a custom LabVIEW™-based application to
interface with several manufacturers’ specular microscopes using an
NI IMAQ™ capture board. The NI Vision™ tools were used to
develop a user interface, perform image processing, and execute an
analysis algorithm. To meet the FDA 21 CFR Part 11 regulations, the
analyzed data is stored in a limited-access Oracle database.
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Figure 1 – Schematic of the Measurement System for Cell Image Acquisition and Analysis

Introduction

A schematic of the measurement system is shown in Figure 1. The purpose of the system is to capture images from various microscopes using a single
application. Previously, several software packages were used to acquire the images and perform analysis. With the new system, the images from the
different microscopes are captured using a single capture board and are analyzed using a single application. The software system components illustrated
in Figure 1 include a login module that opens up the main Graphical User Interface (GUI). From the main GUI, a new image can be acquired or an
existing one can be loaded for calibration and analysis. The analysis results are then saved to a database residing in the network.
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Figure 2 – Screen Shot of the Calibration Controls of the Capture Module

Image Capture Module

The image capture module was developed to run independently
from the analysis module so that image acquisition and analysis can
be performed simultaneously by multiple users. The image capture
module allows images to be acquired from a single channel at a time
from the IMAQ A6822 connector block after defining the active
channel in a configuration screen. Since image size and resolution
may vary, the image capture module has a built-in calibration
procedure that allows an operator to calibrate a microscope. The
user can manually move cursors on the screen to match the
calibration grid on the screen as seen in Figure 2. Additionally, the
user can rotate the image in case the calibration grid of the image is

not aligned with the image coordinate system. The video output
from the active microscope is shown live on the screen and the user
can snap an image at any time and save it. By implementing third
party image conversion utilities, the images can be saved in multiple
formats including the ones available through the Vision
development module (BMP, TIFF, JGP, and PNG) as well as optional
formats (GIF, TGA, PCX). Immediately after saving the image to disk,
the CRC value is calculated and stored in the database along with
user-selected demographic information. If an image is re-acquired,
then a version number is also attached to the image filename.
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Figure 3 - Schematic Illustrating Application of a Cell Analysis Algorithm to User-Selected Points

Manual Center Dot Analysis

G Systems developed an independent algorithm to determine 
the cell borders from user-selected center points as illustrated in
Figure 3. The tools from the Vision development module were used
for the algorithm as well as for user interaction with the image and
for overlaying analysis results on the image. The following basic
assumptions were used while constructing the analysis algorithm:

1) There is no characteristic cell length parameter. This allows the
cell image to contain cells of widely differing sizes.

2) A unique non-intersecting triangular mesh can be drawn 
connecting the centers of the cells. The initial steps of 
creating this mesh are outlined as follows:

•  Start with an arbitrary point and its closest neighbor to 
form a first segment

•  Find the closest point to the first segment to form a first 
triangle

•  Search outwards from the original triangle

3) A maximum surface angle is specified to determine if a cell 
next to the border of the mesh is a boundary cell or an inner 
cell. The maximum surface angle is a configurable parameter.  
Cell borders can be drawn for inner cells only.

Even though the analysis algorithm is started using basic assumptions,
recursive checks are needed to check for geometrical consistency 
of the triangles in the mesh as well as to determine all of the
boundary cells.



Cell Boundary Analysis Application and Electronic
Records System for Biomedical Research the challenge     the solution     the results

5

Figure 4 - Screen Shot of the Analysis Module Showing an Overlay of Computed Cell Borders

Analysis GUI

The user starts the analysis procedure once an image is loaded and
displayed on the screen as shown in Figure 4. The user selects
points on the image using a left mouse click and can select any point
using the right mouse click either to reposition or delete the selected
point. All features work on a zoomed screen as well. An advantage
of the current application over other similar applications is that
changes to the brightness, contrast, or gamma corrections to the
image do not interfere with the analysis procedure. The user can
also select the colors of the overlay information being displayed on
the screen. Once the cell analysis is performed, the user can still go
to an edit mode that allows him/her to view the triangle mesh (see
"Edit Mode" inset in Figure 4) and allows him/her to perform the
following editing operations.

• Add/remove an inner cell
•  Change the neighbor relationships between any two cells
• Change inner cells to border cells to re-do a recursive surface 

angle check

Once the user is satisfied with the analysis results, a PDF report 
is generated and the results are saved to a database.
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Complying with FDA 21 CFR Part 11 Regulations 

To comply with the FDA regulations governing electronic records, G
Systems developed the system with data integrity as the highest
priority. Procedures were set in place first by the network
administrator by limiting access to network computers, shared
drives, and database to authorized personnel only. The following
items were then implemented in this application to help preserve
data integrity and enable tracking of the data stored:

• Login screen requires a valid database username and password as 
well as a privilege setting on the database

• Time and date stamps are used for recording entries to the database 
for tracking purposes

• CRC values for the image files are stored in the database and checked
when the images were loaded to ensure file integrity.

• Version numbers are tagged to images acquired from the same 
specimen and to repeated analysis reports

• Reason for change is required for re-calibration or repeated analysis
• Database triggers enable tracking historical changes in case of an 

FDA audit

Conclusion

The integrated system by G Systems using LabVIEW, NI IMAQ hardware,
and NI Vision software tools provides a single system solution for
image capture, analysis, and reporting on cell geometry. The system
enables the end user to compare the results obtained from different
microscopes using a single software application platform and
performs the analysis tasks more efficiently and accurately. G
Systems leveraged the power and versatility of these off-the-shelf
products from National Instruments to create a system that exceeds
the capabilities of existing commercial applications.


