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Fetal heart rate signal dataset for training
morphological analysis methods and evaluating
them against an expert consensus.

S.Boudet, A. Houzé I'Aulnoit, R. Demailly, A. Delgranche, L. Peyrodie, R. Beuscart, D. Houzé de
I’Aulnoit

Abstract— The fetal heart rate (FHR) is a screening signal for preventing fetal hypoxia during labor. When experts analyze this
signal, they have to position a baseline and identify decelerations and accelerations. These steps can potentially be automated
and made more objective by data processing analysis, but training and evaluation datasets are required. Here, we describe a
dataset of 155 FHR recordings in which a reference baseline, accelerations and decelerations have been annotated by expert
consensus. 66 FHR recordings with a shared expert analysis have been included in a training dataset, and 90 other FHR
recordings with a non-shared expert analysis have been included in an evaluation dataset. Researchers wishing to evaluate their
automatic analysis method should submit their results for comparison with the expert consensus. The dataset also contains the
results produced by 11 re-coded automatic analysis methods from the literature. All the data are available at http://utsb.univ-

catholille.fr/fhr-review.

Index Terms—fetal heart rate, baseline, acceleration, deceleration, dataset

1 INTRODUCTION

ISUAL FHR analyses are subject to high inter- and in-
tra-expert variability, particularly during labor. In or-
der to provide a more objective analysis, automatic analy-
sis methods (AAMs) have been developed with a view to
reproducing an expert analysis. This consists in drawing a
baseline and determining the beginning and end of each
acceleration and deceleration (A/D). Here, we present a
first dataset that can be used to train AAMs and a second
dataset that can evaluate them against an expert consen-
sus. The only other public dataset of FHR signal on litera-
ture is the CTU-UHB Intrapartum Cardiotocography Da-
tabase [4] but the signals are not analyzed.
All the data and source codes are available at
http://utsb.univ-catholille.fr/fhr-review/.
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2 EXPERIMENTAL DESIGN, MATERIALS, AND
METHODS

The dataset is divided into two parts:

- a training dataset (as used in [2]) containing 66 FHR
recordings

- an evaluation dataset (presented in [1]) containing
90 FHR recordings.

The 66 recordings in the training dataset correspond to 34
signal reconstructions from scanned paper recordings and
32 recordings captured digitally from the cardiotocograph.
The mean (range) recording time is 90 min (30 min - 7
hours). These correspond to intermediate and difficult-to-
assess recordings.

The evaluation dataset contains 90 recordings captured
digitally from the cardiotocograph. The mean (range) re-
cording time is 105 min (90 min — 120 min). There are 30 easy
to-assess recordings, 30 intermediate recordings, and 30 dif-
ficult-to-assess recordings.

The FHR recordings are stored as binary . fhr files. The
signals were sampled at 4 Hz and stored in the following
format. For each sample, a uint32 serves as the UNIX
timestamp for the beginning of the recording. Next, a uint16
corresponds to the FHR from the first sensor (multiplied by
4), a uintl6 for the FHR signal from the second sensor
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(multiplied by 4), a uint8 for the TOCO signal (multiplied by
2), and a uint8 for signal quality (0: no signal, 1: low-quality
signal, 2: high-quality signal). The FHR signal is set to 0
when it is missing. The .thr files can be opened with the
fhropen.m function in MATLAB.

Standard preprocessing can be applied by using the
fhrpreprocess.m function in MATLAB. This consists in
merging FHR1 and FHR?2, removing aberrant samples, and
generating a linear interpolation of any missing parts.

Expert analyses are stored as expertAnalyses.mat
MATLAB files. Each file contains a table called “data”. Each
element of this table corresponds to a recording on which
information are stored, as follows:

e filename: the name of the file.

* Dbaseline: the baseline signal, sampled at 4 Hz.

* accelerations:a2xn table that stores the begin-

ning and end of each acceleration (in minutes).

* decelerations: the same information for deceler-

ations.
* overshoots: the same information for overshoots
(Are excluded from evaluation; see [1])

* unreliableSignal:periodsof maternal heart rate
or too much missing signal preventing good analysis
(excluded from evaluation)

160 bpm

110 bpm

* notToAnalyse: periods not to be analyzed due to
insufficient signal before or after for baseline posi-
tioning

* trainingData:aBoolean set to 1 if the recording is
part of the training dataset and 0 if it is part of the
evaluation dataset.

The baseline, accelerations, decelerations, and overshoots

are not publicly shared for the recordings in the evaluation
dataset to avoid any training on those data.

The expert analysis corresponds to a consensus by four
experts. They first chose the points for their estimated base-
line on a screen and a program drew the baseline by linear
interpolation. Next, the experts set the beginning/end of
each five types of periods (accelerations, decelerations, over-
shoots, unreliable signals, and signal not to be analyzed). A
more rigorous consensus methodology has been applied to
the evaluation dataset (as described in [1]), in order to en-
sure the best possible data quality. Figure 1 shows an exam-
ple of an expert analysis.

The dataset contains also analyses of 11 re-coded AAMs,
which are stored in . mat files. These files have the same for-
mat as the expert analyses, except that they only contain the
filename, baseline, acceleration and deceleration variables.

— Fetal Heart F
Baseline
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FIG. 1. AN EXAMPLE OF AN EXPERT ANALYSIS OF AN FHR SIGNAL FROM THE TRAINING DATASET.

TABLE 1

THE FILES FOR THE 11 AUTOMATED ANALYSIS METHODS

Filename(s) A_std.mat C_orig.mat/ C_std.mat H_std.mat J_orig.mat/J_std.mat
Method Ayres de Camposet | o etal. 2002) [7] | Houzé et al. (1990) [8] | Jimenez et al. (2002) [9]
al. (2000) [6]
Filename(s) L_std.mat MD_std.mat MT_orig.mat / MG_std.mat
MT_std.mat
Method Lu et Wei (2012) [10] | Maeda etal. 2012) [11] | Manteletal. (1990) Mongelli et al. (1997)
[12,13] [14]
Filename(s) P_std.mat T _orig.mat/T_std.mat W_std.mat
Method Pardey [eic;}l. (2002) Taylor et al. (2000) [16] Wrdbel Flt;}l. (2013)
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Table 1 gives the file names for the analyses of each of the 11
AAMs. Although each AAM provides a specific baseline,
only some provide an algorithm for A/D detection (corre-
sponding to * orig.mat files). A standard method for A/D
detection [1] has also been applied to all baseline methods
(corresponding to * std.mat files).

Researchers wishing to evaluate their AAM should sub-
mit their analysis in the same format (baseline and A/D, alt-
hough A/D are not compulsory). The results of the evalua-
tion will be published at http://utsb.univ-catholille.fr/thr-re-
view/.

A toolbox containing the MATLAB code for the 11
AAMs, an FHR viewer, the evaluation procedure, and some
standard tools for preprocessing FHR data is also available
at http://utsb.univ-catholille.fr/fhr-review [3]. Another pub-
lic FHR analysis software called CTG-OAS [5] could be used
on this dataset but the files must first be converted in their
format.
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ANNEXE
Specifications Table
Subject area Biomedical signal processing
More specific subject area Automatic analysis of the fetal heart rate (FHR)
Type of data Fetal heart rate recordings, annotated by expert consensus
How data was acquired Signals are recorded with a cardiotocograph during labor. The signals have been

selected for their interest in analysis and difficulty (easy-to-assess, intermediate,
and difficult-to-assess recordings).

The recordings were annotated by expert consensus.

Data format The raw signals are supplied as binary files. The expert analysis and the results for
the 11 automatic analysis methods are supplied as MATLAB .mat files.

Experimental factors The dataset includes raw cardiotocograph signals sampled at 4 Hz, and a matlab
function for standard preprocessing (removal of aberrant samples and linear inter-
polation of missing parts).

The expert analysis includes the baseline signal, and the start and end of each ac-
celeration, deceleration and overshoot.

Results for the 11 automatic analysis methods (AAM) described in [1] are also pro-
vided.

Experimental features The dataset is divided into a training dataset of 66 recordings annotated by expert
consensus and an evaluation dataset of 90 recordings that can be used to compare
methods. Researchers who wish to evaluate their methods should submit the base-
line and acceleration/deceleration A/D. The main evaluation criterion is the Mor-
phological Analysis Discordance Index (MADI) which is (described in [1]). Other
criteria include the baseline root mean square difference, synthetic inconsistency
(SI), acceleration/deceleration (A/D) sensitivity, and A/D positive predictive value.

Data source location Lille Catholic Hospital, Lille Catholic University, Lille, France.

Data accessibility Data and source code are publicly available at http://utsb.univ-catholille.fr/fhr-re-
view.

Related research article This paper describes the data used in [1]

The training dataset corresponds to the data used in [2].

The toolbox used for processing the data is described in [3]

Highlights
e Provides a dataset for the development and training of methods for the automatic morphological analysis of
FHR recordings

* Provides a benchmark for this question
* Tests 11 automatic analysis methods from the literature
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