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Abstract

Background and Goals:
birth of a live baby that occurs before the 37th week of pregnancy. In addition to premature birth, which medically means

with contractions less than this amount, a change in service may be seen. In most cases, 5 to 7 contractions over a period of

Methods and Materials: One of these promising methods is electrohistrogram and tocogram. In this project, the technique
of processing electro-histogram and tocogram signals with the help of wavelet transform and linear and nonlinear signal

cordings of four 30-minute signals of uterine activity, including three EHG signals and a tocogram signal that simultaneous-
ly records measurements of uterine mechanical activity (Toko signal). 13 signals out of 31 signals are related to pregnant wo-
men with premature delivery, another 13 records are registered for pregnant women with premature birth and signals are
registered from non-pregnant women.

Results:
and polynomial polynomials, which resulted in 99.97% accuracy in the training phase and 91.67% in the test phase.

Conclusion
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tic signals received by the monitor may be obtained correctly for high-risk fetal conditions.

Keywords: Electrohistrogram; Tocogram; Preterm Delivery; Wavelet Transform; Linear and Nonlinear Characteristics; Sup-

Introduction

Premature  births  are  one  of  the  most  important
concerns of  couples,  especially young mothers who are ex-
pecting their children. According to studies, the percentage
of  babies  born  prematurely  is  more  than  born  naturally.

indicators in the diagnosis of many fetal defects [1].

Many  researchers  and  scientists  are  researching
new diagnostic methods for assessing fetal and maternal sta-
tus over long-term phenomena. Analysis of the condition of
the  mother  and  fetus  by  monitoring  over  long  periods  of
time,  or  even  better,  continuous  monitoring  is  a  powerful
tool in detecting problems and dangerous cases during preg-
nancy [2].

ing labor is every 2 to 3 minutes, although with contractions
less than this amount, changes may be seen in the cervix. In
most cases, 5 to 7 contractions over a period of 15 minutes

quency  of  contractions  above  this  value  is  not  known  as
uterine  tachysystole  and  indicates  6  or  more  contractions
over a period of 10 minutes, which is repeated in two subse-
quent periods. Uterine tachycystole can occur in cases of pla-
cental  abruption  or  excessive  stimulation  of  the  uterus  by

it  [4].  Predicting  premature  birth  based  on  these  factors

ter predict. One of these promising methods is electrohistro-
gram and tocogram.

Evidence  suggests  that  various  pathological  pro-
cesses  may  play  a  role  in  initiating  preterm  labor,  such  as
uterine  ischemia,  congestive  blood  vessel  contraction,  in-

ulation, and many other risk factors, including diabetes, ob-
struction, hypertension, uterine abnormalities, smoking, al-

cohol  and  drug  use,  and  lifestyle  have  also  been  reported
[5]. Predicting premature birth based on these factors alone

dict.  One of  these  promising methods  is  the  analysis  of  an
electromyogram of a uterus recorded from a pregnant wom-
an's abdominal wall, an electrohistrogram.

the baby's  brain and body, as well  as causing infection and
infection in the baby. Premature babies are smaller and can

body with a lack of body fat and a high ratio of skin to body

sive  care  unit  until  he  or  she  can  regulate  his  or  her  body
temperature  on  his  or  her  own  (where  a  tube  helps  him
breathe)  is  connected  [4].  Most  premature  babies  do  not
have a surfactant even at 35 weeks, a substance in the lungs

similar substances to prevent distress respiratory syndrome,
which  is  very  common  in  children  born  before  30  weeks
and is less common at this age [5]. Mirroring when breath-
ing or when the baby is breathing intermittently is another

fore  34  weeks  [5].  Some  procedures  may  involve  vascular
duct  arthroscopy,  which is  open between the  blood vessels

medication,  a  catheter-based  procedure,  or  surgery.  Cere-
bral  hemorrhage  is  more  likely  to  occur  in  premature  in-
fants  (born  before  28  weeks)  and  to  varying  degrees  [6].
Some  hemorrhages  are  mild  and  heal  on  their  own,  while
others can lead to serious brain damage. All babies born be-
fore the 30th week or weighing less than 1,500 grams will be
screened  for  a  condition  called  premature  retinopathy.
Blood vessels in the eye can be detached from the retina and
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pected. Other techniques are needed to better predict.  One
of these promising methods is the electromyogram analysis
of  the  uterus  recorded from the  abdominal  wall  of  a  preg-
nant woman, the electrohistrogram, which allows a non-in-
vasive quantitative evaluation of mechanical uterine contrac-
tions  during  pregnancy,  resulting  in  excitation  of  perfor-
mance potentials due to self-discharge from the esophagus.

predict preterm labor [8], and can diagnose labor more ac-
curately than other traditional clinical methods [7]. Measur-
ing the mechanical pressure of the uterus using an external
tocodynamometer (external tocography) is another method
for  controlling  mechanical  contractions  of  the  uterus  dur-
ing  pregnancy  [10,11].  Tokography,  control  of  mechanical
uterine contractions, was initially thought to be a promising
method for predicting the risk of preterm delivery, howev-
er, subsequent studies in monitoring and quantitative analy-

tocographic signals have been used successfully to diagnose

preterm labor based on EHG uterine history is usually per-
formed in two ways:  between pregnancy and childbirth,  or
in preterm or term cases, or between preterm and term la-
bor.  Approaches  that  deal  with  individual  contraction  of
uterine contractions and approaches that deal with whole re-
cords  or  EHG  signals  may  be  divided  into  two  categories

cells  whose  response  is  nonlinear,  so  it  is  considered  as  a
complex  and  nonlinear  dynamic  system  [11].  A  variety  of
linear and nonlinear signal processing techniques have been

ters (or properties)  for classifying time domain parameters
were  parameters  based  on  signal  strength  spectrum,  en-
tropy  parameters,  nonlinear  estimation  parameters,  and
EHG  emission  parameters  [11,10].

Research Background

Reducing  maternal  and  infant  mortality  is  one  of
the strategic goals and policies of every country. By using fe-
tal  examination  methods  during  pregnancy,  especially  in
late  pregnancy  and  during  childbirth,  intrauterine  death
and  hypoxic  brain  damage  can  be  prevented  by  correctly
and timely diagnosis of unreliable and risky patterns of fetal

condition  and  performing  the  necessary  interventions  and

surveillance to prevent fetal death and to avoid unnecessary
interventions  [13,12].  In  most  cases,  a  negative  result,  ie  a
normal test result, is largely reliable, as fetal death rarely oc-
curs within a week of obtaining a normal test result [14]. In
fact, in most tests, the negative predictive value (true nega-
tive test) is 99.8% or more. In contrast, the estimated value
of  positive  prediction (true  positive  test)  for  abnormal  test
results  is  low  and  in  the  range  of  10-40%  [15].  In  2015,
Niroumanesh et al.,  by examining the non-contraction test
method (increase in fetal  heart rate following movements),
found that all fetuses developed a destructive pattern in the
examination  process  with  a  repetitive  pattern  of  prenatal
heart  rate.  In  contrast,  only  one  case  (in  a  retarded  fetus)
was disrupted during delivery, in which case the advantages
of this method were ease of use and interpretation and low
cost  and  the  minimum  time  required  to  perform  the  test
were expressed against the disadvantages of a high positive

rate. False and negative values   were expressed in compari-
son with other methods [16].

Uterine contractions naturally resolve within 40 to
60  seconds.  Prolonged  contractions  may  be  the  result  of
pairing contractions of the uterus, or complications such as

sure of  the uterus is  normally in the interval  between con-
tractions of about 10 mm Hg. In abnormal cases,  the basal
pressure reaches 20 mm Hg, which changes due to excessive
stimulation or rarely due to excessive dilation of the uterus,

tal enlargement. During contractions, intrauterine pressure
increases  to  30  to  80  mm  Hg,  although  during  the  second
stage  of  labor  it  can  be  even  higher  [16,17].  Calderoparsia
developed a  convenient  way to measure uterine activity  by
calculating  pressure  (from  peak  pressure  to  baseline  pres-

tile  pressures  was  introduced  as  the  unit  of  Montevideo
[18]. Colby et al. found that the late onset of fetal heart fail-
ure during spontaneous uterine contractions was associated
with increased fetal mortality, growth retardation, and neo-
natal complications. Similar observations have been report-
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ed by other researchers to induce uterine contractions using
oxytocin or  nipple  stimulation [19,20].  Freeman et  al.  per-
formed a contraction-induced stress test (using oxytocin-in-
duced spontaneous contraction stress to determine inadequ-

ure)  on  4,600  pregnant  women,  with  approximately  false-

prenatal test has a negative and reactive result, the mortality
rate  around  delivery  is  3  and  2  per  1000,  while  in  positive
and inactive cases it is 176.5 per 1000. False positive cases re-
ported for CST are between 8 and 57% of cases which is an

sensitivity and the need to do it once a week. An increase in
fetal heart rate following its movements forms the basis of a
non-contraction test.  Most  of  these tests  are  repeated once
or twice a week [22,21].

published  in  1970.  Two  physicians,  Powell  and  Home,  at
New  Haven  Hospital  in  Yala,  USA,  monitored  6%  of  the
4,561 deliveries performed at that hospital during antenatal
care,  concluding  that:  Electronic  monitoring  is  helpful  in
complication  deliveries.  In  the  early  days,  electronic  fetal
heart rate monitors were more commonly used in complica-
tions  of  pregnancy;  but  gradually  it  was  also  used  in  most
pregnancies.  In  1978,  it  was  estimated  that  approximately
two-thirds of American women underwent electronic moni-
toring during childbirth. In 1993, 78.78% of American wom-
en  were  monitored  during  childbirth.  In  the  maternity
wards  of  hospitals  and  medical  centers,  it  is  almost  ine-
vitable and essential for the management of a delivery pro-

monitoring fetal electrocardiograms during labor have been
developed as  a  next  step in continuous monitoring of  fetal
heart rate to improve fetal monitoring results and minimize

against the disadvantages of using an internal skin electrode

the membrane [23]. Evidence suggests that reducing the PR
compressor  distance  in  fetal  electrocardiogram  wave  data

number  of  infants  who  needed  neonatal  intubation  or  the
number of infants who needed to be admitted to the inten-
sive care unit. Monitoring through the analysis of PR com-

pressor distances had every advantage [24]. In 2018, a ran-

ing indirect monitoring of fetal heart rate and uterine con-
tractions, in which measurements of fetal skin acidity and fe-
tal  heart  rate  were compared.  Women in whom fetal  heart
was  monitored  electronically  (fetal  monitoring)  experi-
enced  less  labor  pain  [25].  In  addition,  evidence  suggests
that  various  pathological  processes  may  play  a  role  in  the
onset of preterm labor, such as uterine ischemia, congestive

tion, uterine hyperstimulation, and many other risk factors.
Diabetes,  obstruction,  hypertension,  uterine  abnormalities,
smoking,  alcohol  and lifestyle  drugs  have also  been identi-

better predict. One of these promising methods is the elec-
tro-analytical  analysis  of  the  uterus  recorded  from  the  ab-
dominal  wall  of  a  pregnant  woman,  EHG,  which  allows  a
slightly non-invasive evaluation of mechanical uterine con-

explosion  of  the  uterine  muscle  action  potentials  due  to
spontaneous  electrical  discharge  [28,29].

Research Method

Database

database  and  Term-Preterm  EHG  DataSet  with  Tocogram

cordings  of  four  30-minute  signals  of  uterine  activity,  in-
cluding three EHG signals and a tocogram signal that simul-
taneously  records  measurements  of  uterine  mechanical  ac-
tivity (Toko signal).  13 signals out of  31 signals  are related
to pregnant women with premature delivery, another 13 reg-
istrations  are  registered  for  pregnant  women  with  prema-
ture  delivery and signals  are  registered from non-pregnant
women [26].

Pregnant  women  have  a  history  of  pregnancies
leading to preterm delivery (13 records before delivery) and
pregnancies  leading  to  normal  delivery  (13  records)  [26].

nal  contraction  intervals  (marginal  intervals  related  to
uterine contractions) and another set of non-marginal con-
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uterine contractions) [26].  Marginal  shrinkage records and

Investigate  the  characteristics  of  uterine  history,
contraction  intervals  and  miscarriages  during  pregnancy
[26].

Algorithms  have  been  developed  that  are  used  to
classify between preterm, preterm delivery, and even the di-
agnosis of infertility [26].

puter Science and Information (Laboratory of Medical and
Imaging Computer Systems), University of Ljubljana at the
University of Ljubljana Medical Center, Department of Ob-
stetrics and Gynecology. Obtaining uterine records and re-
search  has  been  approved  by  the  National  Medical  Ethics
Committee of the Republic of Slovenia (No. 2/1/97 and No.
108/09/09).  Recording  protocol  (including  electrode  posi-
tion)  which  was  also  used  when  collecting  TPEHG  DB
database  records  [26].

- 13 records are premature with spontaneous deliv-
ery; the average delivery time was 33.7 weeks (1.97%) weeks

contractions [26].

- 13 records of timely delivery with an average de-
livery  time  of  38.1  weeks  (1.04  ±)  weeks  and  contains  53

-  5  records  are  related  to  non-pregnant  women

Pregnant  women’s  records  were  obtained  during
regular  pregnancy  examinations  around  the  31st  week  of

viation  of  pregnant  women's  records  was  30.2  (76  2.76)
weeks  of  gestation.  For  manual  annotation,  graphical  user
interface and annotation editor have been used [26]. In addi-
tion to the main signal visualization and annotation editing,
the graphical user interface allows the calculation and visual-
ization of spectra and spectroscopy of signals. Regarding the

intervals of annotations, an agreement has been reached be-
tween the two annotations [26].

EHG signals were collected from the surface of the

rows,  symmetrically  above  and  below  the  navel,  at  a  dis-
tance of 7 cm to measure EHG signals from the records:

the right and 3.5 cm above the umbilicus.

right and 3.5 cm below the umbilicus.

electrodes  leads  to  the  production  of  three  EHG  signals:

S2 = E2 - E3 (EHG second signal);

S3 = E4 - E3 (EHG third signal) (1)

signal related to the external tocogram (toku signal), which
is responsible for measuring the mechanical pressure of the

quency for EHG and Toko signals is 20 samples per second
or 20 Hz, with a resolution of 16 bits [26].

Hz  in  two  directions.  TPEHGT  DS  records  contain  both
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How to do the work

placed directly on the mother's abdomen. Ultrasound waves
originating  from  the  transducer  penetrate  into  the  tissues
and are returned by the tissue surfaces. In this way, the re-

converted into converters and converted into electrical sig-

ly recorded in a diagram that shows the fetal heart rate. Indi-
rect  evaluation  of  uterine  activity  is  also  performed  by  a
pressure  transducer  (tocodynamometer)  located  on  the
mother's  abdomen  above  the  cervix.  Uterine  contractions
put pressure on the wall of the mother's abdomen, which in
turn  is  transferred  to  the  tocodynamometer.  Pressure

changes are converted into electrical signals that are record-
ed on the uterine activity tape.

graph above, showing time on the x-axis and fetal heart rate

per minute. Uterine activity is plotted on the bottom graph
so that  time is  plotted on the  x-axis  and intrauterine  pres-
sure  is  plotted  on  the  y-axis  (in  the  range  of  0  to  100  mm
Hg).  Fetal  heart  rate  and  uterine  activity  are  plotted  se-

sent 10-second intervals and thick lines represent 1-minute
intervals.  In the United States,  the standard speed of paper
movements is 3 centimeters per minute.

Flowchart

Flowchart Description

Figure  1  shows  the  signal  processing  diagram  of
the proposed method for predicting preterm birth.

Block  1:  Here  all  signals  include  (contraction  or
dummy intervals, uterine activity recording, all selected (or
available) signals, signals (tocogram and EHG) are recorded
as R signals using a band line the passage is pre-processed.
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cial contraction intervals.

Hz (to remove artifacts and disturbance signals and frequen-
cies above 5 Hz) for R0-3 processing.

bandwidth with cut-off frequencies is related to the frequen-
cy bands B0, B1, B3 and B2 and produces subgroups R0-3.

Note: Toko signals are processed in the same way
as  EHG  signals  at  all  stages.  Four  four-pass  digital  inheri-

frequency bands applied bi-directionally in each signal from
R (main recorded signal).

uniform  frequency  response  and  are  uncompressed  in  the
band  and  cut-off  band.  In  each  period,  the  frequency  re-

contractions or from the principal signal recorded for each
R0-3 signal, which is the same frequency bands (B0, B1, B3,
and B2).

preserving the original information while eliminating noise.
For  the  Fourier  series,  it  follows  that  the  rectangular  win-

dow produces the best approximation of the mean square to

pends on the amount of input at the same moment and the

previous moments, and the previous values   of the output
have no role in determining the output at a particular mo-

ters and all are zero.

Here  the  power  spectrum  is  calculated  using  the
Fourier transform.

Block 7: Power spectra are smoothed and normal-
ized  using  a  moving  average  at  a  frequency  interval  of  0.1

tude) of the PA amplitude for each signal are extracted from

each of the frequency bands (B0, B1, B3, and B2).

corded primary signal and the characteristics obtained from

the  duration  and  conditions  of  premature  birth  of  infants
and the risks of preterm delivery.

Calculating the sample size is very important in sta-

sions about the characteristics of society through examples.

One of the most widely used methods for calculat-

mula for calculating the Cochran sample size is as follows:

n: Statistical sample size

N: Volume of statistical population

d: Permissible error (usually assumed to be 0.05)

ce level
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Results

mials. Two RBF cores and polynomials make the SVM clas-

er by calculating the mean and standard deviation of the 10

sults  with  linear,  RBF,  and  polynomial  cores,  respectively.
Figures  2  to  5  also  show the  perturbation matrices  for  lin-
ear,  RBF,  and  polynomial  nuclei,  respectively.  In  the  RBF

able information. Accuracy parameter is the most common,
basic  and  simplest  criterion  for  measuring  the  quality  of  a
category and is the degree of correct recognition of the cate-
gory in total. Sensitivity and characteristic parameters were
also calculated by converting three classes to correct diagno-

99.97  for  the  training  phase  and  97.32  for  the  test  phase.

teristic was also calculated to be 99.84 for the training phase

  of

the matrices are integers and other values   are integers.

Table 1:

PRE_ts PRE_tr SEN_ts SEN_tr ACC_ts ACC_tr

93.085 95.51 86.179 90.231 81.14 87.464 Iter1

93.548 95.853 87.097 89.873 82.456 87.755 Iter2

93.784 95.51 81.343 90.933 78.947 87.901 Iter3

93.548 95.005 89.256 89.147 83.772 86.006 Iter4

93.316 96.201 85.6 89.75 81.14 88.192 Iter5

92.188 95.34 88.696 90.181 81.14 87.172 Iter6

93.784 94.839 92.373 90.026 86.404 86.297 Iter7

95 95.767 89.063 89.169 85.965 87.172 Iter8

94.262 94.348 88.095 87.76 84.211 84.111 Iter9

96.023 94.107 85.507 90.027 85.088 85.131 Iter10

93.854 95.248 87.321 89.71 83.026 86.72 mean

1.1154 0.44753 8.6809 0.7364 5.9869 1.7352 var

Table 2:

PRE_ts PRE_tr SEN_ts SEN_tr ACC_ts ACC_tr

94.022 99.694 96.491 100 88.596 99.563 Iter1

96.286 99.897 99.167 100 93.86 99.854 Iter2

96.552 100 96 100 92.544 100 Iter3

96.023 100 94.4 100 91.667 100 Iter4

95.506 99.897 96.667 99.749 91.667 99.708 Iter5
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96.286 99.795 99.145 100 92.982 99.708 Iter6

96.286 99.897 97.541 100 93.421 99.854 Iter7

95 100 99.13 100 91.667 100 Iter8

93.316 99.897 96.396 100 88.158 99.854 Iter9

95.506 99.897 98.305 100 92.105 99.854 Iter10

95.4 99.898 97.324 99.975 91.667 99.84 mean

1.0802 0.0092839 2.586 0.0062814 3.5908 0.021014 var

Figure 2: Fusion matrix with linear core

Figure 3: Decomposition matrix with RBF core

Table 3:

PRE_ts PRE_tr SEN_ts SEN_tr ACC_ts ACC_tr

94.505 99.897 96.552 100 90.351 99.854 Iter1

93.784 99.795 98.198 100 89.474 99.708 Iter2

96.023 99.795 100 93.421 99.708 Iter3

94.262 99.795 98.23 100 89.912 99.708 Iter4
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95.506 99.897 97.479 100 91.667 99.854 Iter5

94.262 99.795 97.368 100 89.912 100 Iter6

95.251 100 98.291 100 91.667 99.854 Iter7

92.188 99.897 98.077 100 86.404 99.854 Iter8

95.763 97.5 100 92.544 99.708 Iter9

95 99.795 96.61 100 90.351 99.708 Iter10

94.654 97.664 100 90.57 99.796 mean

1.2749 0.0051142 0.45702 0 3.7725 0.010389 var

Figure 4: Decomposition matrix with polynomial nucleus

Conclusion

In this project, only 3 criteria of accuracy, sensitivi-

sitivity  and  characteristic  parameters  were  also  calculated
by converting three classes to correct diagnosis class and in-

tic was also calculated to be 99.84 for the training phase and

method is well able to distinguish between normal delivery

mostly  from healthy fetuses  suggest  that  as  the  quality  im-
proves,  more  diagnostic  signals  received  from the  monitor
may be obtained correctly for high-risk fetal situations.

Premature birth is a global issue for pregnant wom-

problems.  In  addition,  there  is  no  permanent  solution  or
treatment  for  preterm  labor,  as  the  cause  is  usually  un-

tive in developing countries,  it  is  also present in developed
countries  with  very  high  costs  of  treatment.  For  these  rea-
sons, this project uses two methods to detect preterm labor

project is to identify the pattern of delivery and send a warn-
ing to the pregnant woman by monitoring the EHG contrac-
tions of the uterus. Also, the results of the proposal are com-
pared with the existing studies in the literature and the re-
sults of previous proposals.  One of the main aspects of the
proposed  system is  the  use  of  uterine  EHG signals.  Of  the
six  proposed  studies,  only  the  proposed  system  and  the
study (Jacob et al., 2010) used EHG signals. In addition, the
proposed system is  uniquely  designed to  use  valuable  time
to  monitor  and  analyze  uterine  EHG  signals  without  the
need  for  obstetricians.  None  of  the  proposed  studies  were
designed to monitor and analyze uterine EHG signals with-
out the need for a gynecologist. According to study by Mark

this  study  was  to  provide  additional  evidence  on  the  true
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clinical  value  of  the  analysis  as  well  as  its  clinical  signs  in
which fetal blood sampling was required in addition to sys-

trode on the face or fetal arteries of the fetus could be dan-
gerous, and the entrapment of the cord could lead to severe

to  the  fetus.  In  addition  to  the  lack  of  existing  problems,
this  proposal  made  it  possible  to  evaluate  uterine  contrac-
tion  activity,  which  was  the  only  purpose  of  the  previous
study.
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