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Edge Detection and Morphological Image for
Estimating Gestational Age Based on Fetus Length
Automatically

Retno Supriyanti, Ahmad Chuzaeri, Yogi Ramadhani, A .Haris Budi Widodo

Abstract—The use of ultrasonography in the medical world has
been very popular including the diagnosis of pregnancy. In
determining pregnancy, ultrasonography has many roles, such as to
check the position of the fetus, abnormal pregnancy, fetal age and
others. Unfortunately, all these things still need to analyze the role of
the obstetrician in the sense of image raised by ultrasonography. One
of the most striking is the determination of gestational age. Usually, it
is done by measuring the length of the fetus manually by
obstetricians. In this study, we developed a computer-aided diagnosis
for the determination of gestational age by measuring the length of
the fetus automatically using edge detection method and image
morphology. Results showed that the system is sufficiently accurate
in determining the gestational age based image processing.

Keywords—Computer aided diagnosis, gestational age, and
diameter of uterus, length of fetus, edge detection method, and
morphology image.

I. INTRODUCTION

HE development of technology especially in the medical

field are highly variable. One of which is the use of
ultrasonography in n;tctrics and gynecology. The use of
ultrasonography is to estimate gestational age, estimate
delivery day and to visualize the development of the fetus of
pregnant women. Due to the ease of use, affordability, access
of paticms ultrasonography examinations are available
everywhere and this examination is invasive to the mother and
fetus. However, ultrasound requires specific skills of the users,
therefore the accuracy of ultrasonography results is highly
dependent on the skill of the user. Examination done in real
time so that the fetus movement can be observed.
Ultrasonography gives some information about the length of
the fetus, head circumference, thigh length, the abdominal
circumference, diagnosing the event of fetal growth
restriction, and the location of placenta. Such information can
be used to find out more details, as an example of the fetus
length can be used to estimate the age of the fetus to
pregnancy [1]. All this information can actually be obtained
through the image produced by ultrasonography.
Unfortunately, it is still to be done manually by a
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gynecologist. This research aims to develop computer aided
diagnosis in measuring the length of the fetus automatically so
that it can be used to estimate gestational age automatically.
By knowing the gestational age automatically and quickly,
then the day of birth can be determined immediately, therefore
both doctors and patients will be able to make better
preparation for birth. Also, if found abnormalities in fetal
length and diameter of the uterus, then the treatment can be
done quickly thereby increasing the life expectancy of
patients. Fig. 1 shows an example of ultrasonography image
which is used in our research.

»
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Fig. 1 An ultrasonography image example

According to the research about computer aided diagnosis,
there are many researches discussed about it, such as Yang et
al. [2] investigated a new approach to help improve diagnostic
performance of DCE-MRI examinations based on the
automated detection and analysis of bilateral asymmetry of
characteristic kinetic features between the left and right breast.
Rakoczy et al. [3] proposed a fast orthogonal search (FOS),
which provides a more efficient iterative manner of computing
stepwise regression feature selection, can select features with
predictive value ﬁma set of kinetic and texture candidate
features computed from dynamic contrast-enhanced magnetic
resonance images. Li and Wee [4] proposed automated
algorithms/systems for vessel detection, and measurement are
always demanded. To support computer-aided diagnosis, an
integrated approach/solution for vessel detection and diameter
mcasurcmcrais presented and validated. Zhu et al. [5]
investigated the feasibility of using computer-aided diagnostic
techniques to extract EUS image parameters for the
differential diagnosis of P(a and chronic pancreatitis.
Geldermann et al. [6] proposed seven experienced radiologists
using two alternative types of integration provided by
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BoneXpert and analyzed using a mixed-methods approach
based on think-al records and a questionnaire. Lemaitre ct
al. [7] provided a comprehensive review of the state-of-the-art
in this lapse of time, focusing on the different stages
composing the work-flow of a computer-aided system. They
also provide a comparison between studies and a discussion
about the potential avenues for future research. In addition, his
paper presents a new public online dataset which is made
available to the research community with the aim of providing
a common evaluation framework to overcome some of the
current liraations identified in their survey. Oloumi et al. [8]
proposed methods for user-guided semi-automated modeling
and measurement of the openness of the MTA based on Gabor
filters for the detection of retinal vessels, morphological image
processing, and a form of the generalized Hough transform fi
the detection of parabolas. Dammanayaga et al. [9] proposed a
segmentation approach to segment lung p&nchyma from
chest. Mihaelescu et al. [10] discussed the problem of
computer aided evaluation of the severity of steatosis discasc
using ultrasound images. The aim of their study was to
compare the automatic evaluation of liver steatosis by using
random forests (RF) and support vector machine (SVM)
classifiers. According all research above, although they
discussed and investigated about Computer Aided Diagnosis
(CAD), they still used complex algorithm and method to
implement their CAD. In our previous rescarch [11]-[17], we
also developed CAD for some types of medical purposes with
a little more complex method. In this research, we emphasize
our CAD by implementing a simple method for measuring
fetus length based on edge detection and morphological
image.

II. METHODS

A. The Crown Rump Length (CRL)

According to the function of ultrasonography as discussed
above, there are some variables which could be measured
from ultrasonography image [18]: (i) The Crown Rump
Length (CRL), i.e. measurement of the length of the embryo
from head to rump; (ii) Bipariental Diameter (BP is a
measurement of the fetal head circumference; (iii) Femur
Length (FL) is a measurement of the fetal thigh length; (iv)
Abdominal Circumference (AC) is a measurement of fetal
abdominal circumference; and (v) Placental location.

The Crown Rump Length (CRL); estimating gestational age
could be done by implementing (1):
&t = CRL + 6.7 weeks (1
wherein: 6t = gestational age (week), CRL = Crown Rump
Length (cm). Fig. 2 explain about CRL more detail.

B. Morphological Opef‘mr

Morphology operation is a technique for extracting image
components that are useful in representation and
description of the shape of the area. The basic operations in

processing mormphology are dilation and erosion, which
developed into opening and closing [19]. Dilation is the
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cess in addition to or thickening in the binary image.
Dilation operations performed to increase the size oftlmnject
segment by adding a layer around the object. Erosion
operation is the opposite of dilation operations. Erosion is
diluting or shrink the object binary image in contrast to the
dilation adding / thickening. Opening operation is an operation
where erosion is followed by dilation using the same structural
elements. Opening generally smoothest the outlines of objects,
eliminating B: narrow parts, and eliminate the thin
protrusions. Closing operations is a combination of dilation
and erosion, and operations are performed sequentially. The
original image in the dilation first, then the results in erosion.
Closing tends to smooth the corms but opposite of the
opening, generally reject fractions narrow and bays long and
thin,ﬁminate small holes and fill gaps on contours.

C. Edge Detection

Edge detection in an image is a process that produces the
edges of image objects. Edge detection purpose is to improve
the appearance of the boundary line of an area or object in the
image. To detect edges in an image, some methods such as;
Sobel, Prewitt, Robert, Laplacian of a Gaussian, Canny, and
others can be used [19]. Sobel method is a method which is
using Sobel operator. The operator uses two 3x3 pixel kernels
for gradient calculation so that the gradient estimates are right
in the middle of the window. Sobel operator is the operator of
the most wida used as tracers’ edge because of its simplicity
and efficacy. This method takes the principle of Laplacian and
Gaussian  functions which are known as functions for
generating High Pass Filter (HPF). The advantages of this
Sobel method is the ability to reduce noise before calculating
edge detection.

Fig. 2 Distance head and buttocks of the fetus
III. RESULTS AND DISCUSSIONS

In this research, we design a Graphical User Interface (GUI)
to allow running our system. Fig. 3 shows our design system
display.

In data acquisition, we use template matching. Template
matching is a technique in digital image processing to find the
small portions of the image that matches the image of the
template [16]. The main goal is to catch the desired region. In
this case, uterus is the desired region as described in Fig. 1.
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Fig. 3 System Display

To determine the image used as a template, the test is
conducted prior to six images which are considered to
represent the state of the 89 images that we use in this
research. Fig. 4 shows these template candidates.

Fig. 4 Template candidates

Based on the test results on 89 images, image f has 93%
success. This higher percentage is compared with other
candidates. Therefore, image f is determined as a template

image.
B

-
0.5

0.25

0.75

Fig. 5 An example of contrast stretching result

In order to improve the image quality, we apply contrast
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stretching method [20]. Stretching step will set the contrast of
image so that the image obtained can easily be done for the
next operation. We arrange contrast values as 0.25, 0.5, 0.68,
and 0.75. Fig. 5 shows an example of contrast stretching
result.

According to the test on all image, it is shown that when
contrast value is 0.68, the best result is produced.

After getting the fetus image that has set the contrast in
contrast stretching step, the next step of image processing is
edge detection and morphological operations. In this step,
before applying edge detection and morphological operation,
we have to convert image to binary image. In our GUI system,
threshold settings for each image are not the same. It is caused
by each fetus image which has different color intensity.
Therefore, in order to obtain the best result, we use adaptive
threshold. Fig. 6 shows an example of adaptive threshold
result. According to Fig 6, we arrange threshold values as 0.2,
0.3, 0.4, and 0.5 and the best result is obtained when threshold
value is 0.4. This value will be different for each image.

NS

0.2

0.3

Fig. 6 An example of adaptive thresholding step

Phase in our image processing is not always a sequential
process between edge detection and morphology. Image
treatment is adjusted with the obtained result after the previous
process. Edge detection used in our system is the Sobel edge
detection. Morphological operations applied in our system are
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erosion, dilation, opening, and closing in which each operation
has different push button. It is due to the requirement of each
image. On an image, several morphological operations could

] GUILUSC

be done. For opening and closing, operations are idempotent,
which means although the operation is performed repeatedly,
it may not provide a sustainable impact.

- o

Fig. 7 Display of fetal length and gestational age calculation

7

Morphological o.peraticlns invﬂe two components: The
first component is an image that will be subjected to
morphological operations, and the second component is kernel
or structuring element [19]. Structuring element used in our
system is the disk with radius 2. We decided to choose disk
shape for structuring element because the shape of fetal image
resembles to circle, therefore when we applied another shape
such as line or rectangle will not obtain good result. We
determined the disk radius 2 because this is the best result
obtained after trying several radius disk from 1 to 10.

The next step 1s measuring fetal length and gestational age.
We implement formula (1) for estimating gestational age,
while fetal length is measured by the following assumption.
Recording of the starting point and end point using the
initialization of variables to determine the direction of the
current position (C) to the prior position (P) and the next
ition (N). DCP variables are useful to note the direction of
current pixel position, against the miious pixel. Then DPC to
note the direction of the position of the previous pixel, to the
current pixel position. DCN to record the current pixel
position to the next pixel position. The longest distance is
assumed as average length of the image. Fig. 7 shows the
result of fetus length and gestational age automatically.

According to Fig. 7, then we implement our system to all
data. Table I shows several results of fetal length and
gestational age calculation.

In order to evaluate performance of our system, we did
measurement of fetus length manually and obtained error
tolerance average about 8%. Therefore, we could conclude
that our system performance is about 92%.
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TABLE1
GESTATIONAL AGE RESULTS

Original image  Fetus length  Gestational age

3,443 10,143
2937 9.637
5.819 12519
5.267 11967
3144 9.844
3156 9.856
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IV. CONCLUSIONS

Our system is promising for estimating gestational age
automatically. Although current performance for measuring
fetus length is 92%, it is expected that system performance
later could be improved by using image pre-processing. In
addition, further research will emphasize to measure more
variables such as biparietal diameter, femur length, abdominal
circumference, and placental location to obtain the accurate
result for estimating gestational age.

ACKNOWLEDGMENT

This work is supported by Directorate General of Higher
Education through Hibah Strategis Nasional (STRANAS).

REFERENCES

[1] T. Nugroho, OBSGYN : Obstetri dan Ginekologi, Untuk Kebidaan dan
Keperawaian . Jakarta, Indonesia: Nuha Medika, 2014,

[2] Q. Yang. L. Li, Z. 1., G. Shao, C. Zhang, and B. Zheng, “Computer-
aided diagnosis of breast DCE-MRI images using bilateral asymmetry of
contrast enhancement between two breasts.” L Digit. fmaging, vol. 27,
no. 1, pp. 152-160, 2014,

[3] M. Rakoczy, D. Megaughey, M. J. Korenberg, I. Levman, and A. L.
Martel, “Feature selection in computer-aided breast cancer diagnosis via
dynamic conwrast-enhanced magnetic resonance images.” J. Digit.
Imaging, vol. 26.no. 2, pp. 198-208, 2013.

[4] X. Li and W. G. Wee, “Retinal vessel detection and measurement for
computer-aided medical diagnosis..” J. Digit. Imaging, vol. 27, no. 1,
pp. 120132, 2014,

[5] M. Zhu, C. Xu, J. Yu, Y. Wu, C. Li, M. Zhang, and Z. Li,
“Differentiation of pancreatic cancer and chronic pancreatilis using
computer-aided diagnosis of endoscopic ulwrasound (EUS) images: A
diagnostic test..,” PLoS One, vol. 8, no. 5, 2013,

[6] L Geldermann, C. Grouls, C. Kuhl, T. M. Deserno, and C. Spreckelsen,
“Black box integration of computer-aided diagnosis mnto PACS deserves
a second chance: Resulis of a usability smdy concerning bone age
assessment.,” J Digit. fmaging, vol. 26, no. 4, pp. 698708, 2013,

[7] G. Lemaitre, R. Marti, J. Freixenet. J. C. Vilanova, P. M. Walker, and F.
Menaudeau, “Computer-aided detection and diagnosis for prostate
cancer based on mono and multi-parametric MRI: A review,” Compuet.
Biol. Med., vol.60,no. 1, pp. 8-31, 2015,

[8] F.Oloumi, R. M. Rangayyan, and A. L. Ells, “Computer-aided diagnosis
of proliferative diabetic retinopathy via modeling of the major temporal
arcade in retinal fundus images..” [ Digit. fmaging, vol. 26, no. 6, pp.
1124-1130, 2013,

[9] S. E Darmanayagam, K. N. Harichandran, S. R. Cyril, Raj, and K.

Arputharaj, “A novel supervised approach for segmentation of lung

parenchyma from chest CT for computer-aided diagnosis. Journal of

Digital Imaging,” . Digit. Imaging, vol. 26, no. 3, pp. 496-509, 2013,

D M. Mihailescu, V. Gui, C. L Toma, A. Popescu, and 1. Sporea,

“Computer aided diagnosis method for steatosis rating in ultrasound

images using random forests.,” Med. Ultrason., vol. 15, no. 3, pp. 184—

190, 2013,

R. Supriyanti, H. Habe, M. Kidode, and S. Nagata, “A simple and robust

method to screen cataracts usmg specular reflection appearance,” m

Proc. SPIE 6915 Medical Imaging. 2008,

R. Suprivanti, H. Habe, M. Kidode, and S. Nagata, “Compact Cataract

Screening  System: Design and Practical Data  Acquisition,” in

International  Conference  on  Instrumentafion,  Communicalion,

Information Technology and Biomedical Engineering (ICICI-BME),

20009,

R. Supriyanti, E. Pranata, Y. Ramadhani, and T. 1. Rosanti, “Separability

Filter for Localizing Abnormal Pupil:ddentification of Input lmage.”

Telkomnika, vol. 11, no. 4. pp. 783-790, 2013,

R. Supriyanti, D. . Pumn, E. Murdyantoro, and H. B. Widodo,

“Companng Edge Detection Methods to Localize Uterus Area on

Ulrasoud Image,” in Int. Confl on Instrumentation, Communications,

Information Technology and Biomedical Engineering (ICICI-BME),

2013, pp. 152-155.

[15] R. Suprivant, D.

[10]

(11

[12]

(131

[14]

. Pumn. E. Murdyantoro, and H. B. Widodo.

1168

“Comparing edge detection methods to localize uterus area on
ultrasound image,” m Proc. of 2013 3nd Int. Conf. on Instrumentation,
Communications, Information Technol, and Biomedical Engineering:
Science and Technol jor Improvement of Health, Safetv, and Environ.,
TCICEBME 20132013  pp. 152-155.

R. Suprivanti, 1. A. Pradana, E. Murdyantoro, and H. B. Widodo,
“Localizing Uterus Region from Low-Resolution Ultrasonography
Device Using Template Matching Method,” fnt. J Biosci. Biochem.
Bivinforma., vol. 4, no. 5, pp. 304-311,2014.

R. Supriyanti, T. Budiono, Y. Ramadhani, H. B. Widodo, and A.
Mulyawati, “Pre-Processing  of  Ulrasonography Image Quality
Improvement in Cases of Cervical Cancer Using Image Enhancement,”
in International Conference in Biomedical and Imaging (ICBI), 2015,

[16]

[17]

pp. 1318-1322.
[18] Erradevi, “Membaca Hasil USG” Hotmommies, wordpress, 2009,
{Online). Available:

hitpz//hotmommies. wordpress.com/2009/12/07/membaca-hasil-usg/.
{Accessed: 09-Mar-2014).

R. €. Gonzales, R. E. Woods, and S. L. Eddins, Digital Image
Processing using Matiab. United States: Pearson Prentice Hall, 2004,

H. B. Widodo, A. Soeclaiman, Y. Ramadhani, and R. Supriyanti,
“Calculating Contrast Stretching Variables in Order to Improve Dental
Radiology Image Quality.” in faternational Conference on Engineering
and Technology for Sustainable Development (ICET4SD), 2015,

[19]

[20]

Retno Supriyanti is an academic stafT at Electrical Engineering Department,
Jenderal Soedirman University, Indonesia. She received her PhD in March
2010 from Nara Institute of Science and Technology Japan. Also, she received
her M.S degree and Bachelor degree in 2001 and 1998, respectively, from
Electrical Engineering Department, GadjahMada University Indonesia. Her
research interests include image processing, computer vision, patlern
recognition, biomedical application, e-health, wele-health and telemedicine

Achmad Chuzaeri received his Bachelor degree from Electrical Engineering
Department, Jenderal Soedirman University Indonesia. His research interest is
Image Processing

Yogi Ramadhani is an academic stalT at Electrical Engineering Department,
Jenderal Soedirman University, Indonesia. He received his MS Gadjah Mada
Universirt Indonesia, and his Bachelor degree from Jenderal Soedirman
University Indonesia. His research interest including Computer Network,
Decision Support Syetem, Telemedicine and Medical imaging.

Haris Budi Widodo is an academic staff at Public Health Department,
Jenderal Soedirman University, Indonesia. He received his Ph.D  from
Airlangga University Indonesia. Also He received his M.S degree and
bachelor degree from Gadjah Mada University Indonesia. His research interest
including public health, e-health and telemedicine.




34._Edge_Detection_and_Morphological_Image_f.pdf

ORIGINALITY REPORT

19, 164 164 5«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS
PRIMARY SOURCES
www.arpnjournals.org 20
Internet Source )

link.springer.com 20/
0

Internet Source

WWW.jove.com 2
%

Internet Source

aip.scitation.org 1 o
0

Internet Source

riyanto.lecturer.pens.ac.id 1 o
0

Internet Source

ljece.iaescore.com 1
%

Internet Source

worldwidescience.org 1
0

Internet Source

slouraluniomo.c.id 1o
B
o
>

www.science.gov 'I
%

Internet Source




jurnal.unimus.ac.id

Internet Source

T

11

Bruno Aiazzi. "Quality Issues for Compression
of Hyperspectral Imagery Through Spectrally
Adaptive DPCM", Satellite Data Compression,
2012

Publication

(K

—_
N

Submitted to UC, San Diego

Student Paper

T

Wirdayanti, K A Dwiwijaya, Suriani, D R
Rochmawati, F S Putri. "ldentification of
Herbal Plants Using Morphology Method and
K-Nearest Neighbour Algorithm (KNN)", IOP
Conference Series: Earth and Environmental
Science, 2023

Publication

T

B

Submitted to Manipal University

Student Paper

T

N
Ul

| Gede Susrama Masdiyasa, | Ketut Edi
Purnama, Mauridhy Heri Purnomo.
"Teratozoospermia Classification Based on
the Shape of Sperm Head Using OTSU
Threshold and Decision Tree", MATEC Web of
Conferences, 2016

Publication

<1%

Submitted to Universitas Jenderal Soedirman
Student Paper

<1%




el adacid <1y
Anastasia Pampouchidou, Panagiotis G. <1 o
Simos, Kostas Marias, Fabrice Meriaudeau,
Fan Yang, Matthew Pediaditis, Manolis
Tsiknakis. "Automatic Assessment of
Depression Based on Visual Cues: A
Systematic Review", IEEE Transactions on
Affective Computing, 2019
Publication
Shiloah Elizabeth Darmanayagam, Khanna <1 o
Nehemiah Harichandran, Sunil Retmin Raj
Cyril, Kannan Arputharaj. "A Novel Supervised
Approach for Segmentation of Lung
Parenchyma from Chest CT for Computer-
Aided Diagnosis", Journal of Digital Imaging,
2012
Publication
novaneweastie.eduad <1y
R Supriyanti, G P Satrio, Y Ramadhani, W <1 o

Siswandari. "Contour Detection of Leukocyte
Cell Nucleus Using Morphological Image",
Journal of Physics: Conference Series, 2017

Publication




Exclude quotes On Exclude matches <1 words

Exclude bibliography On



