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Abstract

In this paper, a methodology developed for analyzing surface shapes using computer-aided rasterstereography is discussed and its
applications in the field of medical science are highlighted. In this methodology, deviations are extracted from projected horizontal and
vertical rasters and used in generating a profile of the surface under consideration. The magnitude and direction of deviations indicate 3-D
properties of the surface. This technique is suitable for screening children for spinal deformities because it is simple, fast and non-invasive. It
does not require very specific setup due to the reduction of errors using symmetry of the human back. The positive cases detected by the
system can be referred to the physician for further diagnosis and treatment. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

There is considerable interest in determining surface
types and shapes from range and intensity images. Several
methods have been employed to determine the surface types
in the images [1-7]. For range images, one segmentation
method for detecting various surfaces yields three types of
surfaces [6], whereas other methods consider eight basic
types of surfaces based on signs of mean and Gaussian
curvatures [3]. Some researchers have used projected grid
to determine the underlying surfaces using surface normals
and curvature computations [8,9].

Surface shape detection methods can be applied to
many fields including medical science. For example,
physicians perform spinal deformity diagnosis using
expensive equipment such as X-ray and ultrasound.
These deformities include scoliosis and abnormal
degrees of kyphosis and lordosis. Spinal deformity
detection in childhood can lead to effective and early
treatment. However, mass screening of school children
for spinal deformity cannot be carried out using X-ray
and ultrasound. These techniques are expensive and
require considerable setup time for every child. More-
over, the presence of a physician on the spot is neces-
sary to interpret the results. The X-ray involves the risk
of exposing young children to radiation doses. We need
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an inexpensive, fast, automated and non-invasive tech-
nique to filter out the healthy cases and select the chil-
dren suspected of having spinal deformity. Such cases
can be referred to the physician for detailed examina-
tion and treatment. Several efforts have been made to
provide non-invasive ways to detect spinal deformities
[10—-13]. Similar work at Oxford and other centers led
to the development of commercial Integrated Surface
Imaging System (ISIS) in 1980s and more recently,
the video rasterstereography systems [14—16]. Some of
these efforts are directed towards applying computer
vision techniques to determine spinal deformity without
adversely affecting the children. In computer vision
research, two types of images are used for surface
shape detection, namely the range image and the inten-
sity image. Range images are depth maps obtained
through laser range finders. Laser calculated depth
maps might be used in expensive operating room equip-
ment. However, these systems cannot be used as screen-
ing devices due to their high cost and specific setup
requirements. On the other hand, most of the methods
using intensity images are computation-intensive and
need powerful computers to generate results in a reason-
ably short time.

In this paper, a novel method to perform surface
shape detection using computer-aided rasterstereography
is presented. We show its application in spinal defor-
mity detection using an ordinary PC, a digital camera
and a slide projector. In this way, mass screening of
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Fig. 1. The experimental setup for spinal deformity detection.

school children can be done without the need for the
presence of a physician. Only the positive cases
detected by the system will be referred to the physician
for further diagnosis and treatment. We also present
some results from experiments conducted to detect
spinal deformity in children. The rest of the paper is
organized as follows. First, the experimental setup is
introduced and a brief overview of rasterstereography
is given. In Section 3, we discuss the steps involved
in transforming the digitized image into a set of
detected lines with all pixels recorded. The mathemati-
cal formulae of deviations are given and their applica-
tions in detection of spinal deformity are discussed.

Towards the end, some results from the spinal deformity
detection experiments are presented and discussed.

2. The experimental setup

For studying surface properties, simple optical techniques
such as Moiré fringe topography and rasterstereography can
be used. Moiré fringe topography is an optical and non-
invasive technique that generates fringes in the 3-D space
when two sets of equidistant lines interfere with each other.
The height step between successive fringes increases
outward with the numerical order. Moiré fringe topography
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Fig. 2. An example of determining horizontal and vertical deviations of
projected lines.

requires specific setup with exact distances in order to
generate fringes of desired properties. In addition, Moiré
technique generates a sparse depth map because the exact
depth is known only on the pixels that fall on the fringes.
The depth of other pixels is interpolated from known depths.

Rasterstereography is a photogrammetric technique simi-
lar to stereophotogrammetry. Its basic principle is that a
curved surface distorts the image of two sets of mutually
perpendicular lines projected on it. In stereophotogramme-
try, two cameras placed at an angle to each other take
synchronized photos of the object under investigation and
later the photos are superimposed to recover the 3-D infor-
mation. In rasterstereography, a projector that projects the
raster containing the grid on the object under investigation
replaces one of the cameras. The grid gets distorted due to
curved surface of the object. Through the geometrical shape
of the projection, a 3-D picture of the surface can be recon-
structed. The study of this distortion provides information
about the shape of the surface under consideration. Raster-
stereography was selected for this work because of its
advantages including its non-invasive nature, regular
pattern of data, wide choice of storing options and simple
setup.

Fig. 1 shows the setup for applications in spinal deformity
detection. It includes a slide projector that projects a raster
of equidistant lines on the subject’s back. The crosshairs of
the raster are aligned with the guide marks on the subject’s
back indicating the central axis. The straight lines are
distorted due to the inherent curvature of the back surface.
A digital camera digitizes the image of the distorted raster
and transfers it to the PC. This image is filtered and
processed by a line detection algorithm based on threshold-
ing and chain coding principle [17]. This algorithm isolates
the distorted lines from rest of the image and records them in

a meaningful way so that further calculations can be facili-
tated. Since this algorithm numbers the lines in the order
found in upper-left to lower-right scan, the image of the
vertical raster is rotated 90° before being processed.

The next step in this procedure involves calculating
deviations of the extracted lines from their original posi-
tions. The vertical deviations of horizontal lines are calcu-
lated at set distances from central axis in both directions.
The horizontal deviations of vertical lines are computed by
determining line pixels that fall on identical rows albeit
different columns. Since the human back is symmetric, the
deviations on both sides of central axis (spinal midline) are
equivalent. Any spinal deformity would result in asymme-
trical back leading to different deviations of projected
rasters.

3. Steps in spinal deformity detection

As shown in Fig. 1, the horizontal and vertical rasters are
focused on the subject and digitized images are obtained.
The horizontal and vertical rasters are used separately as the
deviations for both are determined independently. The
density of lines in the projected rasters can be modified to
adjust the resolution of the results. The slides used in these
experiments had 1 mm spacing between lines. Raw image is
filtered to remove noise and the image is converted to binary
image using adaptive thresholding. The noise removal and
adaptive thresholding procedures are done using image
processing utilities. Since the image capture is done under
identical lighting, the parameters of these procedures are not
subject to large variations. Since the width of projected lines
spans multiple pixels, skeletonization is performed to
reduce the width of lines to single pixel only. Skeletoniza-
tion is done through a C language function that reads the
thresholded image and deletes outer pixels of lines until the
lines are only single pixel wide. Outer pixels are taken off on
both sides of lines to avoid shifting the line during this
process. Skeletonization of curved lines may leave gaps
that are filled by the next step, i.e. the algorithm to detect
lines.

3.1. Detection of lines

The line detection algorithm is based on boundary chain
coding (BCC) technique. The algorithm is applied to a thre-
sholded image. A pixel’s intensity value is checked to
decide whether it falls on a line or on the background.
The algorithm records all the pixels on the lines as BCC
elements. Here, a BCC element includes an integer value
that represents the direction of the next pixel on the line. The
range of possible directions is coarsely quantized, where
there are eight possible directions corresponding to each
of the eight pixels that are adjacent to the center pixel in a
3 X 3 neighborhood.

The algorithm records the data for all the lines detected in
a 3-D array where the 2-D represents the information of an
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Fig. 3. Horizontal raster image.

individual line (e.g. location of the pixels and chain code
direction) and the third D represents the identity of the lines.
The algorithm first does a search in a raster pattern to find
out a start point on a line in the image. After getting to the
start point on a line, certain pixels in its nearest neighbor-
hood are checked one at a time, to determine the next point
on the line. The process is continued until the complete line
is detected. After detecting and recording the line, the algo-
rithm then deletes the line from the image and continues to
detect and record the next line in the image. The process is
terminated when all the lines are detected and recorded.

3.2. Deviation parameter and its calculation

The deviation parameter is calculated for all the vertical
lines located on both sides of the central axis and all hori-
zontal lines orthogonal to it. Central axis is defined as the
straight vertical line passing through the center of the image.
In order to calculate the deviations, the lines to the right and
left of central axis are paired together. Any unpaired line on

Fig. 4. Vertical raster image.

Fig. 5. Another subject’s image with horizontal raster.

either side is not processed further. On the central axis, at
each point, the distance is measured in terms of number of
pixels to the first line detected on both sides to obtain its
absolute difference. For example, referring to Fig. 2, if the
central axis has the current coordinates as (x., y.), a line on
the left has coordinates as (x;, y;) and the corresponding line
on right has the coordinates (x,, y,), then on a given row

Ah =[x, — xp)| — |06 — x0)] (1)

The calculation of Ah is repeated for selected rows (as per
desired granularity of results) and on each row, all lines on
both sides are considered. As an example, Fig. 2 shows the
location of XR and XL pixels for row number 100. Simi-
larly, for a horizontal line, the rows YL and YR intercept
this line at the distance of AX = 50 from the central axis.

The deviations of the horizontal lines are calculated as
Av. Using the same example as that mentioned earlier, Ay
can be calculated for a given column as

Av=y; =y 2

4. Results and discussion

In this section, some results of using computer-aided
rasterstereography in spinal deformity detection are
presented. The image is acquired with projection of vertical
and horizontal rasters on the back of the subject according to
the setup in Fig. 1(a). The grid is aligned with the central
axis with the help of guide marks as in Fig. 1(b). Since it is
difficult to stop the movement of the child standing without
any support, a stabilizing frame was added in the setup. This
frame had a metallic base and two metallic bars about 5 ft in
height were attached on both sides of the base. The child
was asked to stand on the base, hold on to the metallic bars,
and hold breath in order to reduce any errors due to the
movement during picture taking. The room had no light
except the slide projector light to avoid getting noisy
images. It is possible to have lines shifted because of
slightly tilted subjects. However, the subject’s back is
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Fig. 6. Horizontal raster deviations.

taken as reference for computing deviations of projected
lines, thus minimizing the effect of line shifts. The effect
of line shifts is minimized due to the facts that all lines will
shift from their original positions in the same direction and
deviations are determined as per Egs. (1) and (2).

The children screened were between 5 and 8 years of age.
The results were developed using the Global Lab image
processing system and its associated utilities as well as the
software written in C language [18]. Fig. 3 shows the image
obtained from projection of horizontal raster and Fig. 4
shows the image obtained from the projection of vertical
raster. Fig. 5 shows the pre-processed image obtained
from projection of horizontal raster on another subject.

Deviations were computed in terms of number of pixels
on a 640 X 480 image for Figs. 3-5, respectively, using
Global Lab’s utilities, the C program written during this
project and manually. The Av and Ah values were found
to be insignificant. Insignificant deviations have one or two
empirically defined characteristics:

1. The values are less than 8% of the pixel row/column
dimensions.

2. The deviations occur only in one dimension and the other
dimension is not affected.

When both the horizontal and vertical raster show large
deviations in a specific area, spinal deformity is detected. It
was concluded from this example that the subject does not
have any spinal deformity problem.

Figs. 6—8 show horizontal and vertical deviation plots. In
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Fig. 7. Vertical raster deviations.
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Fig. 8. Horizontal raster deviations.

Fig. 6, the ordinate represents the distance from the central
axis on both sides and deviations for different values of D
are shown in for respective curves.

In Fig. 7, the ordinate represents row numbers whereas
the deviations are plotted for various curves. In Fig. 8, hori-
zontal deviations are plotted for another subject. On a VGA
scale of the image, the deviations are less than the empiri-
cally suggested value of 8% and larger deviations are not
persistent on both rasters.

5. Conclusion

A methodology for the detection of spinal deformities in
children of school going age is presented. This methodology
is based on computer-aided rasterstereography using ordin-
ary PC, digital camera and slide projector. It offers great
promise in serving as a ‘front-end’ screening system for
school-age children. The absence of false negative results
is a pre-requisite before deploying any such technique in the
field.
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