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ABSTRACT

Direct investigation of and interaction with biological objects at the macromolecular level
will provide insight into multiple physical regulatory processes. Scanning probe microscope
techniques have the potential to provide a direct interaction with living specimens at the
macromolecular level. Present implementations of SPM techniques rely on a raster scan of an
area around the object of interest and a directive interaction with a human operator. trn our rerent
development of scanning probe recognition microscopy, the machine is taught, by way of image
processing techniques, to identify sites by their 'ofeel". A scan plan for investigation of a
particular type of object is then generated. Adaptive learning techniques allow dynamic
variations. Scanning probe recognition microscopy has the potential to extend site specific
investigation to the resolution of the scanning probe microscope which is nanometer
(macromolecular) level for atomic force microscope and angstrom (atomic) level for scanning
tunneling microscopy. We will report recent results using recognition schemes which have
allowed us to distinguish tubular from globular biological objects and their application in a study
of cell attachment with carbon nanofiber tissue scaffolding. In these studieJ we investigate ceil
attachment and guiding as a function of diameter, composition and porosity along the length of
the nanofibers, over the cell surfaces, and at the site-specific attachment points.

INTRODUCTION

SPM techniques provide the possibility to observe objects at macromolecular level. We can
use image processing methods to analyze the output images of SPM. Thus, the machine can
"feel" the most significant features of those objects under observation and "classify" those
f!j9cts. This paper will present the whole process how the machine can "detect" globular
biological objects from tubular objects. At the first step, globular objects should be segmented
from tubular objects. And then the classification can Ue oone using these segmented iniages tu.
We will focus on the segmentation method based on multi-scale edse detection-. The
classification method has been explained clearly in our paper t2l.

METHODS

Segmentation can be done as long as we can detect the boundary of the object we are
interested. Edge detection is an effective way to get the boundary. When cell is attached with
carbon nanofiber tissue scaffolding, classical edge detectors don't work well because of the
existence of nanofibers. If we want to detect the edge of cell which is most significant edge in
the image and reduce the influence of nanofiblers who produce some less slgnifi..nt .jg"r,
multi-scale edge detection technique should be coniidered. Since *auelet analysiJ is
multi-resolution analysis, it can be used to detect edges of different levels of scale. A remarkable
property of the wavelet transform is its ability to characterize the local regularity of functions,
For an image f(x,y), its edges conespond to singularities, and thus are related to the local
maxima of the wavelet transform modulus. Therefore, the wavelet transform is an effective
method for edge detectionl3l.
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EXPERIMENTAL RESULT

This edge detection method is used on an image of cell attachment with nanofiber tissue
scaffolding. The soothing function to construct wavelets is chosen to be Gaussian function
because it has good property of decreasing noise.

Figure 1. Edge detection based on wavelets (a) original image, (b) edge image when scale = 2,
(c) edge image when scale = l0

From the edge images, it is clear that when the scale parameter is chosen appropriately, we
can detect the edges we are interested in. After getting th.e. edge image, we can get the boundary
of the object by using some image processing techniques tol.

The points on the edge image are still broken, so we can use dilation operation to connect
those edge points. But there are still some noise points on the edge image. Since the noise points
have relatively small area compared with the edge points, we can count the area of the connected
points and set a threshold to get rid of those noise points. Finally, the bounding box of the edge
points is the boundary of the cell. Thus, we can segment the cell successfully.
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Figure 2. Segmentation (a) the edge image after dilation, (b) the edge image after threshold,
(c) the segmented object

DISCUSSION

Combined with image processing techniques, SPM techniques can provide us more
information about objects in nanometer level. The wavelets based edge detector can successfully
detect the edges of different levels of scale. In our method, the scale parameter is decided by
experiments, which is feasible when the application is defined well. If we want to apply this
method to more flexible problems, the scale parameter should be adjusted automatically. By
mathematics, the sharpness of an edge can be described with Lipschitz exponent, so the Lipschitz
regularity can be used to do this job.

After getting the edge information, segmentation can be done in simple algorithm. Thus, the
segmented objects can be labeled, their features can be extracted. Working relative to tracking
their movement is in process.
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