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ABSTRACT

A machine vision system is developed for measurement and
comparison of biological shapes such as the mouse vertebrae. The
system is flexible and able to work under varying illumina-
tion conditions. The rate of growth and shape change of the
vertebrae are evaluated gquantitatively by using a new pattern

recognition technique. The image segmentation process is made
difficult since these images are plagued by poor contrast and
dropouts. In this paper, a review of previous worKk is presented,

along wWwith how this problem can be viewed in the context of the
computer vision area. The system consisting of a a videso camera
(Panasonic CCTY), digitizing unit with framestore, optics and a
microcomputer measures the dimensions and compares the shapes of
complex biological structures.
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The image processing systeam helps automating the measurement
problem of such complex shapes and objectifies the measurement
results., Reproducibility is an interesting feature of the de-
veloped system. An assessment of the measurement accuracy and
time duration was undertaken. ODifferent steps in the implementa-
tion of this solution are discussed and results are presented.

Although our wultimate goal is automatic measurement of
biological shape, attention will be restricted to a fast wethod
for both paralle}! outlining of Lhe vertebrae and feature extrag-
tion. Experimental results on mouse vertebrae are presented to
successfully demoastrate the feasibility of the method for low
quality images.

1. INTRODUCTIOH

Most of the findings on mouse vertebrae are based on subjec-
tive measurement results driven from the traditional wmanual
measurement techniques. Current studies often require the tedious
and time-consuming practice of having trained operators manually
measure the vertebrae. This becomes increasingly labor intensive.
Furthermore, sutomated shape measurement would improve the reli-
ability of the quantitative analysis by eliminating the subjec-
tivity of manual measurement. Objectifying the measurement there-
fore offers many advantages over the c¢lassical methods ({1]. An
extensive image analysis avoids neglecting important information
and saves the tremendous effort during manual measurement.

Objective measurement of the cervical vertebrae requires
quantitative analysis of the magnified image of the specimen.
Quantitative analysis of the vertebral shape often uses shape
features such as the enclosed area, perimeter, center of gravity,
antroposterior and transverse diameters. This requires that the
complete outer-and inner contours of the vertebra be detected
from the digitized gray level image. These parameters are sig-
nificant for analyzing the shape of the vertebrae and their
medical significance will be stated in the next sections of the
paper.

In section 2 of this paper we describe a computer vision system
we have developed for automatic measurement of bielegical shape.
In section 3 we discuss the amaterial wused in this investigation
and the data acquisition. In section 4, a new method for detect-
ing both inner and outer contours of the vertebra have been
implemented. Section 5 is a discussion of the measurement re-
sults, its wvalidity and medical significance. Section & 1is a
brief summary of the paper.

2. DIGITAL IHAGE ANALYSIS SYSTEM FOR HEDICAL APPLICATIONS

A digital image analysis system {(DIAS) developed by the first
author for practical analysis of anatomical images wWill be pre-
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sented in this paper. The development of such a system encompass-
es many aspects to be deait wilh:

2.1l. Constraints

Automatipng a measurement task underlies many constraints such
as geametry of the set-up, illumination, imaging system architec-
ture, and handling of bioclogical objects. nall these aspects
interact with each other and have & greaf impact on the systenm
performance and cost.

Fig. L. The digital imaqe analysis system DIAS

2.2. Iliumination

The mouse vertebrae are very complex objects, which must be
cleaned very well before the measurement process. The connective
tissue imposes a heavy duty during the selection of the illumina-
tion technique. Our concern is to develop & system which 1s able
to cope with its environment. WYe have thus deliberately chosen
not to change the illumination conditions and to build a system
able to work under non-uniform lighting conditions.

2.3. Architecture of the DIAS

The experimental set-up of our system as shown in Fig. L,
includes the following components:
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- A microcomputer with 30 Hbyte hard disk for image archiving
functions, one 5 1/4° disk drives and DHA interface.

- & CYCLOPE board for digitization and acquisition of video
images [(2]). An analog video signal is quantized in 8 bits at a
rate of 10 MHz. A 512x512x8 bit buffer frame is available on
board. This frame buffer can be accessed in two different
modes: (1) either by direct access, or (2] by line access
allowing one or several lines to be read or written by a
single instruction. The CYCLOPE board possesses a 512x5172x1
bit graphic plane which enables the text and the graphics to be
overlaid in the video image with the reguired color.

- A CCTY Papasonic camera, model WV-1410/G. .

- A group of standard achromatic objectives 4/0.4, 10/0.25 and
40/0.65.

- RGB -14 " monitor for real-time image presentation form either
storage or from camera. Images can be displayed in gray value,
black and white or in pseudocolors. Graphics can also be pre-
sented.

- Illumination and table

3. HATERIALS AND IHAGE ACQUISITION

The mice used in this study were bred in the animal house of
the faculty of medicine in the University of Hansoura. Hice were
killed at ages of 1 day, 10 days, 20 days, 30 days, 60 days and
90 days. The vertebrae C1-C7 were carefully dissected and then
video digitized with the CYCLOPE frame Grabber. The vertebra was
ptaced on the illuminated tabie. Images caplured by a T¥ camera
were fed to the DIAS. For image acquisiticn, a video Panasonic
camera is used. A frame grabber quantizes the original image with
8 bits at 256 gray levels. The image analysis is performed with a
16 bit microcomputer supported with our own image analysis soft-
wWare.

4_ IHAGE ANARLYSIS
4.1. Ray-by-Ray dynamic thresholding in Area of I[nterest

There are many applications of image analysis where S0 much
data has to be processed in a limited time that it is wvital to
attempt some speedup of an algorithm. Sometimes gpeedup is re-
quired for convenience; on other occasions it is needed so that
the algorithm will operate in real time. Processing speed in our
system is achieved primarily by a massive data reduction which
depends critically on two main topics:

a- Processing the Area Of Interest (AOI)} only
b- fuy by Ray dynamic thresholding in AOQI

S$ince the images of the vertebra could not be guaranteed to
be homogeneously stained it was necessary to implement a dynamic
thresholding scheme. The existence of ambiguous regions (due to
connective tissue) around the 1inner and outer borders of the
vartebrae presents serious problems for contour searching algo-
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rithas. Thresholding the A0l with Ray-by-Ray 1is an efficient
technique. The profile of each radial contour-tracing-ray is
analyzed to determine the suitable threshold l1imit for Lhe gray
value pixels along that ray. The threshald is given by:

T x(Max(g;)-Min(g;) /6 (1)

where @ is the gray level of the ith pixel of the contour
searching ray.

Application of this threshold value . for contour Cracing in
each direction ylelded satisfactory results, which could naot in
an obvious way be improved by a corresponding two dimensional
alterpative. An inritial implementation of a global thresholding
scheme was found inadequate.

4.2. Parallel radial contour searching (PRCS)

Both the inner -~ and outer contours of the vertebrae are
extracted by a new technique Known as the parallel radial- search
{PRS). The vertebrail image is quantized at 256 gray levels. The
gray-level-image is adaptively thresholded for contour extrac-
tion. Local thresholds are determined from analysis of gray level
profiles along the contour tracing rays. For radial searching a
contour, the center of gravity of the vertebra is first deter-
mined by a3 heuristic technique. This technique is very fast and
its accuracy lies within acceptable limits. The operator posi-
tions the vertebra under the microscope such that a marker cross
on the RGB TV¥-screen lies within the spimal (neurat) canmal. The
starting point determined by the marKer is the irnitial peint for
the iterative process during the determination of Lthe center of
gravity. After that, an improved Bresenham-algorithm (3] is used
for radial searching the contour. We put the wast effort into
speeding up the basic for-logp for computing the 1iine scarning
algorithm, since this is executed once for each pixel scanned.
The call to the get_pixel procedure was replaced by in-line code
far the get_pixel operation in order to remove the subroutine
call overhead from the inner loop.

Radial lines passing through the center of gravity scan the
gray level image wuntil an inner contour point is fFfound. The
scanning continues with another adaptively determined threshold
limit until an outer g¢ontour point is found. Radial lirnes are
drawn every one degree resulting in a set of L1890 scanning rays.
Doamain-knowledge based limits are imposed oan the search to pre-
dict the pixel position ir the case of missing edge points.
After parallel extractioen of both the inner-and outer contours,
the contour coordinates are reorganized 1in two vectors in a
clockwise direction.

The ray~by ray contour traciaq approach presents limitations
for the applicability of the system, but the benefits of signifi-
cantly simple contour extraction and high speed makes it very
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efficient in many applications. The nature of the vertebrae to
be measured help avoiding the problems of this approach by chang-
ing boundary curvatures.

The contour of the vertebrae is defined by a closed curve and
this curve is denoted by the coordinates of the vertices. Contour
coordinates are recorded in a systematic clockwise fashion
{(positive order). The contour must be closed and this implies the
first coordinate pair are identical to the last coordinate pair.

4.3. Feature extraction

The next stage of analysis concerns the extraction of the
quantitative features from the contour lines. A Turbo-Pascal
program library was written for radial search and feature extrac-
tion. The shape of the vertebra depends on its growth character-
istics. Therefore, the following features are extracted from the
traced boundaries:

1. coordinates of the center of gravity {X,r)

2. inner perimeter

3. outer perimeter

4. spinal canal area

5. bone area (the total integrated optical density)
&. antroposterior and transverse diameters

7. minimal and maximal radii

Statistica: features about the c¢ontour sucu as 1its perimeter,
centroid and area are extracted [4]. These features are computed
{fyom the contour coordinates according to the following equa-
tions:

perimerer = Ih_, ¥ [C(#)-C(i+2)]% + (C(i+1)-c(i+3))? {2)

where
= -3, 1 =2 ,..., ¥ and
C is the vector containing the X and Y boundary coordinates of
the contour with M points.

Centroid:

X = (2 [(c{i)-c(1)))+(c(i+2)-C(1)1]1.H)/(3(Area)+C{L)] (3)
Y o= (I {(C(i+1)-C(2)}]+[C(i+3)-C(2)]2.8)/[3larea)tc{2)] (4)
where

Ho={c(i+z)-c(1}).(c(i+2)-c(2))-(C{i)-(1}).(C(i+3)-C(2))
area= . 5 |2, Hy) (s)
5. SYSTEH SOFTWARE

The described system has & very large library of image analy-

sis, presenptation, and pattern recognition procedures which
offers the user a wide spectrum of possibilities such as:
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). Easy man-machine communication through different capabilities:
Turbo-Pascal programming and Henu driven programs.

Z. Aufomatic measurement of complex biclogical shapes.

3. Interactive measurements

4. Hanual measurement with cursor aovement

5. Extraction of statistical features

6. Graphic capabilities such as plotting of histograms contours
and binary images.

7. Integration of text in Arabic, English or German languages in
the image content for presentation and archiving tasks.

&. EXPERIMENTAL RESULTS

We implemented a system for biological shape measurement
which incorporates the ideas of the previous s=ctions concerning
image analysis. Specifically there are four basic steps:

(a) calibration of the microscopic image
(o) ray-tby-ray dvnamic thresholding

(c) parallel contour tracing

(d) feature extraction

in order to test the proposed approach with real images a
total of 24 albino rats of different ages were used in this

investigation . The rats were divided into six age groups. Each
group was formed of 4 rats of the same age. The ages taken were
1, 10, 20, 30, 40 and 90 days respectively. The animals were

injected intraperitoneally by a 2% neural solution of alizarin
red $§ in a dose of 200 mg/kg body weight. The animals were Killted
next day and the cervical vertebrae were carefully dissected out.
The dimension of the spinal canal during the postnatal develop-
ment was determined by measuring the dorso-ventral a&nd trans-
verse diameters.

The transverse diameter of the first cervical vertebra was
always greater than any of the other cervical vertebrae. The
second cervical vertebra had the least transverse diameter which
ingreased graduvatly from the axis toe the seventh cervical verte-
brag. The transverse diameter of all cervical vertebrae increased
fairly rapidly dwuring the first 30 days after birth, after that
there was a slow increase in the transverse diameter {Fig. 2.}.

The dorso-ventral diameter decreased from the first to the
seventh cervical vertebrae. The decrease from the atlas ¢to the
axis vertebrae was marked then it became graduval from the second
till the seventh wvertebrae. The dorso-ventral diameter of the
sixth and seventh vertebrae were nearly equal. There was gradual
increase in the dorso-ventral diameter of all the cervical verte-
brae till the thirty days of age, then there was slow increase.
After sixty days the increase in the dorsoc-venptral was very slow
(Fig. 3.).

During the first 20 days after birth the transverse diameter
increased more than the dorso-ventral thus Lthere was decrease in
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the dorso-ventrail/ transverse diameters ratio. Alter closure ol
the dorsal synchondrosis the dorso-ventral diameter 1increased
more than the transverse so the ratio increased gradually from 20
to 60 days of age. Ouring the following thirty days there was
very slow increase in the ratio.

The changes of the dorsoventral to transverse diameters ratio
reflects changes in the shape of the vertebrae [5]). As regard the
atlas, at birth it was nearly circular and became ovolid in shape
by 20 days of age. After that the lumen wags changed into a pear-
shaped form. The shape of the lumen of the axis ranged from
almost circular to ovoid. In the following cervical vertebrae the
ratio between the dorso-ventral and transverse diameters de-
creased inp a cranio-caudal direction, so the oval shape of the
lumen was more prominent in the posterior vertebrae (Fig. 4.).

Fig. 5. shows that the growth of the area of cthe vertebral
foramen in Cl 1s very slow compared to that of the bone which
changes very rapidly.

6. CONCLUSIGHS

In this paper we have developed a system which shows the
feasibility of both interactive and automated measuremenkt of
biological shapes. Qur =system is able to accurately measure Gthe
vertebra in a short time under varying lighting conditions.

A new technigque based on radial parallel contour searching
for measurement of complex bioloegical shapyes was presented., For
the results shown, a radial search is used for contour extraction
of a gray level image. A reliable way to measure the shape at-
tributes of the vertebrae were developed and the results obtained
were impressive. The experiments reported showed that our method
holds promise. Severatl speécimens have been measured. The most
obviocus area of future work is the application of our method to
more complex images.
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diameters of the vertebral foramina
{ci-c7) at varying ages.
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Fig. 5 The area of both bone and spinal canal for cl




