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Abstract— Stereology had been widely used around the globe
for estimating the value of the biological structure. It interlinks
the connection between the dimensions using a sample that is 2D
for a quantification in 3D structure. Volume estimation using
stereology method is the most common and basic quantification
that shows an example of how stereology works. Stereology
method has a drawback when it comes to a lot of samples, so it is
common for a researcher to use the computer to help to quantify
and to do repetitive work, which is known as computer-assisted
stereology quantification. The purpose of this research is to
develop software that can assist researchers using stereology
method for estimating the volume of a sample object from its 2D
digital images with point counting method. The software was
built based on the manual procedure of volume estimation using
stereology method performed by experienced researchers. The
volume estimation using the software were then compared with
the results of the manual procedure by the experts on the same
samples, i.e., the kidney and trigeminal ganglion of a rat. The
experimental results showed that the relative difference of the
volume estimations between manual and computer assisted
calculations were 0.93% for rat kidney sample and 10.81%. TA1
trigeminal ganglion sample. Based on the results, the software
estimation can be used for further analysis.

Keywords— volume estimation, Cavalieri principle, image
processing, microscope image, stereology.

L INTRODUCTION

Research in biological structure requires quantifying the
value of geometric properties of the structure, such as volume,
length, area, and number. Quantitative assessment of biological
structure that has arbitrary structure often leads the researcher
to assume the orientation and the shape of the structure [1] [2].

Stereology is a study that interlinks the geometry between a
3D structure with a section that has 2D geometrical structure
[3]. The 3D geometrical structure can be analyzed as a set of
sectioned samples of the structure in 2D. It is constrained by
the probability, sampling, and stochastic geometry, hence the
estimation value using stereological method can approximate
real value of the information from the structure.

Unbiased stereology method for volume estimation using
Cavalieri technique with point counting is one of the most
common of stereology in the term of geometrical analysis, such
as in [4][5][6]. Because of its efficiency and assumption-free
method as in [7][8], stereology has been widely used in
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research for Volumetry and Planimetry and be considered as
ideal standard among researcher for volume estimation [9][10].

When dealing with a lot of samples and sections, manual
point counting and calculation in stereology method tend to be
tedious, tiring, and time-consuming. For this reason, many
researchers in the field of stereology used computer-assisted
stereology method.

There is some software for computer-assisted stereology
method analysis, such as STEPanizer [11], Stereology
Investigator, NewCAST, Stereologer system, Stereology
Research Center [12]. The purpose of this paper is to design
and build a graphical user interface (GUI) on Windows
operating system, to assist researcher that used stereology
method for volume estimation using Cavalieri technique with
point count, namely STevo. The developed software used
OpenCV library to do image processing on digital images of
the sectioned samples.

This paper consists of four sections for designing and
building computer assisted software for estimating volume
using stereology method. The first section of this paper consists
the background of this research. The second section explains
the stereological method for estimating volume in general and
how to do quantitative assessment using Cavalieri technique
with point counting in stereology manually without computer
assistance. Software pseudo code, the workflow in using the
software, as well as the software features are also explained in
this section. In the third section, we show the experimental
results and the comparison between manual quantitative
assessment and computer-assisted software using biological
tissues samples, i.e., the kidney and trigeminal ganglion of a
rat. The last section provides

II. MATERIALS AND METHODS

The volume estimation value in stereology uses Cavalieri
technique with point counting method. Cavalieri technique was
first invented by Bonaventura Francesco Cavalieri. Cavalieri
tried to estimate the volume of the hull of a ship by multiplying
the sum of the cross-sectional areas of the hull of the ship,
measured at regular intervals along the length of the ship, by
the distance between the cross sections [13]. Cavalieri concept
of estimating volume was later developed by a researcher in the
field of stereology by combining Cavalieri technique with point
counting method for the estimation of the area.
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A. Cavalieri Technique using Point Counting

Stereology Cavalieri method with point counting is a
quantitative assessment on 2D sections of the structure to
estimate the volumetric value in 3D structure [2]. Volumetry in
a biological structure that has an arbitrary shape will be
difficult to analyze regarding the correlation between the
orientation and the shape of the structure because not all of the
object that appears in 2D represents the structure in 3D. Take
an example in Fig. 1; although the object in 2D appears as a
circle, the structure in 3D appears as a cylinder.

3D Structure 2D Section

Fig. 1. Example of 2D section representation

Cavalieri method is capable in estimating the volume of the
structure through a set of the 2D sections in the 3D structure by
utilizing a systematic uniform random sampling (SURS) [14]
either in sampling the set of the sections or in sampling the area
of the section.

In general, Cavalieri technique to estimate volume value of
a structure in 3D uses equation (1).

V=3 Ak ()

where n is the section number, 4, is the area of section n, As is
the section thickness.

The sum of each section area in Cavalieri estimation
volume is calculated using the probability of a point that
represented a certain fixed square area for hitting the analyzed
structure to estimate the real arbitrary area of the structure.
Whether or not each point per square area hit the real arbitrary
area of the structure, the point will be counted as 1 or 0
following the probability principle of the test point hitting the
object [13].

The sum of points per square area that hit the real arbitrary
area is then counted. Therefore, the estimation of the area of
the structure will be quantified by summing the sum of the
points in each section. To estimate volume value with Cavalieri
technique using point counting method, the formula can be
written as equation (2).

v=2anAprs (2)
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where P, is the number of points hitting the analyzed structure
in section n, 4, is a fixed area represented by a point.

B.  Manual Stereology Volume Estimation

The actual implementation of Cavalieri method in sample
section without computer assistance need a lot of preparation
and time before starting. Before designing and building STevo,
we need to know how a quantitative assessment without
computer assistance is performed using Cavalieri technique
with point count. In this paper, manual quantifications were
performed by researchers who were experts in the field of
stereology.

The first and foremost part of the stereology assessment is
preparing a sample. Sampling sectioning [15] and tissues
shrinkage [16] are among the most important aspects of the
reliability and accuracy of stereology analysis. The sample was
cut into several sections using microtome. After that, the
sectioned samples were captured in the images hence the
sample could be processed later using Cavalieri method. The
images were captured using a digital microscope equipped with
a camera and micro steppers.

For manual quantitative assessment using Cavalieri method
with point count, the most tedious and tiring things to do is
testing the probe on each section of the images, especially in
the Cavalieri method which uses the point as the probe. To be
able to do a manual assessment, the researchers need to print so
many images of section and grouping each image for each
section and samples (Fig. 2). And then researchers also need to
print probe or grid in transparent film paper to be able to use it
on the images. After all the printing is ready, the magnification
of the printed images of the section needs to be calibrated using
stage micrometers to be able to know the scale ratio of the
printed grid relative to the magnification of printed images.
Calibration will be done by printing an image of stage
micrometers using the same microscope that uses same
magnification on the sample images.

After each printed section images and point grid were
calibrated, point counting process on the area of interest began.
This process began with marking the counted region of interest
that in the area of the interrogated structure. This process was
needed because not all of section images were part of the
structure.

Subsequently, a printed point grid was placed on the printed
section images. The point that hit the area of the structure or
within the marked area in the section images were counted and
summed for each printed section images. In this process, the
researcher needs to be meticulous and focus on counting each
point for every section. The total sum of points from every
section was used for determining the estimated value of sample
volume using (2).
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Fig.2. A. Printed section images; B. Printed grid; C. Printed stage
micrometer; D. Grid placement on printed section images for point
counting.

C. Software Algorithm and Design

The software algorithm follows the workflow of manually
calculated Cavalieri method after the sample images ready to
be processed. Before designing software algorithm, it is
necessary to list everything that needed to be done in the
software.

Firstly, the software needs to load and show the image of
the sections for marking the counting region of interest that in
the area of the structure that researchers want to analyze. In the
marking method, the software should also be able to exclude
the non-counting area for the case of the structure has an area
inside the area-of-interest that is not a part of the structure,
such as the structure of a donut.

The software requires the user to input some parameters
such as section number, section thickness, image resize factor,
microscope magnification (in mm/pixel) or calibrated pixel
width and height, as well as shrinkage factor. Point probe or
grid size in pixels will be defined by the width inputted by the
user. The size value of the grid will be calibrated automatically
using the value of calibrated pixel inputs.

Point testing in the region area of interest also needs to be
done by the software automatically. The point will be
automatically counted based on marked regions. The points
that have been analyzed must also be able to be re-evaluated by
the user if there are doubts whether the points are parts of the
structure or not. For each section, the number of points that
were marked as the part of the structure is saved for later use in
estimating the total volume of the sample.

Lastly, the software also needs to calculate the total volume
of the sample using equation (2). The workflow of STevo
algorithm, in general, can be seen in Fig. 3.

There are few steps that need to be performed before and
after doing stereology volume estimation analysis, e.g.,
sampling, sectioning, and calculating the coefficient of error.
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Not all steps are covered in the software. STevo was built only
to help the researchers specifically in term of point
quantification and probing hence they do not need to print the
images of the section samples and perform manual probing in

stereology volume estimation.
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Fig. 3. Workflow diagram of Stevo
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D. Pixel Calibration

Before using the software, a pixel in the image needs to be
calibrated using stage micrometers. By using the same
magnification for capturing sample images, stage micrometers
images will be captured and then calibrated. For more detailed
explanation see Fig. 4. Calibrated pixel will be obtained by
converting stage micrometers scale and division for pixel width
or height of the images. In Fig. 4B, the pixel is calibrated at 1
mm equals to 1000 pixel in the stage micrometer image. Hence
1 pixel equals to 0.001 mm or 1 pm.

g i |
0,1 mm
L[]
T

1 mm = 1000 nixel

Fig. 4. A. Stage micrometer; B. Converting pixel size using stage micrometer
image

E. Random Grid

Random grid stereology has been proven to be more
consistent, accurate and efficient for Volumetry [17]. When
there are a lot of repetitions and samples, the random grid is
more accurate than the fixed grid [18]. STevo 2D random grid
placement uses a random number between the width and height
of the grid that the user had already inputted before.

F. Image Processing in STevo

STevo was built based on the mentioned specifications by
using c++ programming language with OpenCV 3.0.1 as an
image processing library. The graphical user interface (GUI) of
STevo was built along with image processing activity. Image
processing techniques that used in this software comprise
converting the images into OpenCV matrices, drawing the
image in the GUI, image scaling, and pixel detection. When a
section image is loaded, the software will automatically create
a matrix which later will be used for image processing. The
image is then drawn in the GUI and will be used for marking
the area of interest and drawing point grid. Images scaling is
necessary if the size of the image is too big that makes the
processor works too hard and the process needs a long time to
do. Pixel detection will be used for evaluating every point grid
so that it can automatically be counted if hitting the region of
the marked structure. Fig. 5 shows the flowchart of image
processing in the developed software.
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Fig. 5. Flowchart of image processing in STevo

III. RESULTS AND DISCUSSION

STevo was tested by comparing volume estimation values
in manual quantification and computer assisted STevo using
the same samples. Two samples were used for testing, i.e.,
kidney and TAI1 trigeminal ganglion of a rat. These samples
would be quantified manually at first; then they were quantified
using STevo for a comparison between the estimation values of
the volume.
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A. Rat Kidney Sample
The rat kidney sample consists of 8 sections, with a

TABLE II
TA1 TRIGEMINAL GANGLION OF RAT QUANTIFICATION

thickness of 600 um. Point grid (4 ) used for estima'ting Fhe Section Number Manual STevo Quantifications
sample volume was 27777.78 um® in manual quantification Quantification Mean Std. Dev
while STevo used 27889 um’. Quantification in STevo was 1 18 16.67 1.63
repeated 8 times to test the software consistency. All of the 2 18 3333 258
point-count means and standard deviations for each section 3 35 19.67 320
were calculated, as well as the total point counts for all sections 7 9 33'17 3'76
and the volume for each quantification. Mean, and standard - :
deviation of 8 quantifications was compared with the manual > 17 29 3.40
quantification. The estimated volume of the rat kidney is 6 28 11.5 1.38
shown in Table I. The manual quantification was only 7 23 15.67 1.96
performed once for each section because the manual 8 17 12.17 2.48
procedures take too long. 9 19 15 1.41
10 14 11 1.41
TABLE I 11 6 5.83 1.47
RAT KIDNEY SAMPLE QUANTIFICATION I 2 267 o1
Manual STevo Quantifications Total Point Counts 218 195.67 6.06
Section Number . . )
Quantification Mean Std. Dev Volume (mm") 0.37 0.33 0.01
1 738 778.13 3.68 Section Thickness (LM) 90 90 -
2 1161 1225.63 5.21 A, (um’) 18595.04 18496 B
3 1239 1309.13 10.07
4 1099 1040.38 3.11 C. Discussion
> 1274 1292.75 489 STevo was designed to be able to do quantification in any
6 1305 1232,.50 540 kind of situation regarding its equipment that used. For this
7 1255 1235.38 532 requirement, quantification in STevo was done by a different
8 1483 1413.75 5.99 set of equipment and people between the manual
Total Point Counts 9554 9527.63 279.82 quantifications. The difference approach for calibrating and
Volume (mm?) 159.23 157.75 0.45 creating the probe also led to a small difference in point grid
Section Thickness (1m) 600 600 _ area (4,) value between the two quantifications.
4, (pm?) 27777.78 27889 - In the rat kidney sample quantification, even though there

Volume estimation for manual quantification was
159.23 cubic millimeters for rat kidney sample while STevo
was 157.75 cubic millimeters. By comparing those two values,
the relative difference of volume estimation using STevo to
manual quantification is 0.93%.

B. TAI Trigeminal Ganglion of a Rat

The TAl trigeminal ganglion of a rat sample had 12
sections with 90 um thickness. The point grid that used for
manual quantification was 18595.04 um” while for STevo was
18496 pm®.

Because the point count in TAl sample was relatively
smaller than the rat kidney sample, the variability of the point
count would become much smaller for TA1 sample compared
to the rat kidney sample. The TA1 sample also had more
sections compared to the rat kidney sample. However, its size
was relatively small compared to rat kidney sample, even
though the difference in grid value is not too large between
them. Consequently, for the TA1 sample, the quantification
was only performed 6 times.

The results of quantification in the TA1 sample is given in
Table II. The relative difference between STevo and manual
quantification for this sample is 10.81%.
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was a small difference between the size of the grid in manual
and the STevo calculations, the volume estimation results
showed just a small difference between them with a relative
error of 0.93%. On the other hand, the TA1 trigeminal ganglion
of rat sample showed a quite big difference compared to rat
kidney sample with an error percentage of 10.81%.

By looking through the volume estimation on both
quantifications, the TA1 sample is 500 times smaller than the
rat kidney sample. Considering the size factor for both samples
that have a large difference, STevo managed to do
quantification in TA1 sample with such a small difference
between two quantifications.

In addition, because of the evaluation for every point in
manual quantifications were done by different people than in
STevo, there have to be some subjective differences in
counting some of the points.

Even though there was a large difference between the
estimation between two quantifications, it did not matter as
long it follows the whole method in the concept of stereology.
This is because both of them was calculated as estimation
value, not as the real value. The difference between the two
estimations will be decided through the calculation of the
coefficient of error which shows reliability and the accuracy of
the estimation [19].



Proc. EECSI 2017, Yogyakarta, Indonesia, 19-21 September 2017

IV. CONCLUSION

STevo had successfully estimated the sample volume value
by implementing image processing techniques. The mean and
standard deviation of volume estimation using Stevo for rat
kidney sample were 157.75 and 0.45 cubic millimeters
respectively, while those for rat TA1l trigeminal ganglion
sample were 0.33 and 0.01 cubic millimeters respectively. By
comparing between manual and STevo calculations, the
relative difference of 0.93% for rat kidney sample and TA1
trigeminal ganglion 10.81%.
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