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Abstract. Objectives: Clinical intervention for non-breathing newborns
due to birth asphyxia needs to be conducted within the first minute of
life. The responses of the babies are affected by complicated interactions
between physiological conditions of the newborns and the combination
of various clinical treatments, e.g., drying thoroughly, stimulation, man-
ual bag-mask ventilation, chest compression, etc. Previously, we have
proposed methods to detect and parameterize various events regarding
bag mask ventilation. However, the outcome of the resuscitation is likely
influenced by not only ventilation but also other therapeutics activities.
The detection of the existence of activities using information from accel-
eration signals is illustrated in this paper. Methods: Short time energy of
the acceleration signal is calculated. A thresholding method is applied on
the amplitude of the energy signal to determine activity or rest. Results:
The average sensitivity and specificity of the detection of activities are
90 % and 80 % respectively. Conclusions: The performance of the detec-
tion algorithm indicates the possibility to use acceleration signal to detect
the presence of various activities during resuscitation procedure.

Keywords: Short time energy · Acceleration signal · Energy signal ·
Thresholding · Resuscitation activities

1 Introduction

Save the Children organization recently reported that birth asphyxia is one of
the main causes of nearly a quarter of the estimated 3 million newborn deaths
worldwide every year [1,2]. Skilled and equipped birth attendants are needed
to identify asphyxiation during the birth process. In case the babies are not
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breathing, according to the guidelines of the International Liaison Committee
on Resuscitation and the World Health Organization [3,4], it is necessary to carry
out resuscitation steps within the first minute of life - “The Golden Minute” to
increase survival chance [5].

Ventilation is an important treatment in helping babies breathe. Physiological
events associated with manual bag-mask ventilation have been detected and
parameterized from ventilation related signals measured during resuscitation in
our previous research work [6]. The framework for data exploration and analysis
to investigate the relationship between ventilation parameters and Apgar score
as well as heart rate changes has been developed [7–9]. However, other clinical
interventions happening at the same time are possibly also significant factors
contributing to the effectiveness of newborn resuscitation.

Accelerometers are increasingly used in wearable devices (e.g., smart phones,
health status monitors, etc.) in a variety of circumstances. An accelerometer is a
device measuring acceleration forces into three orthogonal directions (X, Y and
Z axes). Accelerometer-based approach has shown to be a reliable and efficient
method in detecting and recognizing human activities during the last decades
[10–13]. A method to detect physical activities by using an optimum parameter
set including the length of a smoothing filter, the width of the averaging window,
and the threshold value applied on the integrated magnitude of the tri-axial
acceleration signal was proposed in [13]. Automated recognition of daily human
activities using various types of features extracted from acceleration signal has
been studied in many research works [10–12].

To improve the treatment recommendations for asphyxiated newborns, stud-
ies of the ventilation signals and parameters are necessary, but it is also needed
to know if other activities (e.g. thorough drying, stimulation and chest com-
pression) are performed. At the present time, studying videos recorded in the
delivery room is necessary to learn which activities the infants are subjected

Fig. 1. The accelerometer sensor attached to the ECG-sensor placed to the abdomen
of a newborn manikin (NeoNatalie, Laerdal Global Health) used for practical training.
When the ECG-sensor is placed on a newborn infant after birth it measures ECG- and
acceleration signals.
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to. However, video recordings may not be available, and video review is time
consuming.

In this paper, a method to detect the presence or absence of activity at a
specific point of time is proposed. We aim for a system to support clinicians not
only in observing videos more easily and quickly but also producing information
about activities in situations where videos are not available. The acceleration
signal can be measured by a tri-axis accelerometer placed gently on the thorax
of the newborn. This paper focuses on answering the question whether an activity
is happening at a given time. The hypothesis is that the occurrence of activities
could be reflected in the acceleration signal. Specifically, if there are activities
happening, the energy of the acceleration signal is high and vice versa. A reliable
detection of existence of activities could be used later for further analysis. The
objective is to create a computer-aid tool to facilitate investigation of clinical
data for the improvement of newborn resuscitation treatment recommendations.

2 Dataset

“Safer Births” is a collaborative project with partners from Haydom Lutheran
Hospital in Tanzania and Stavanger University Hospital, University of Stavanger,
and Laerdal Global Health in Norway. The data collection is done at Haydom
Lutheran Hospital in Tanzania. The goal of the project is to gain new knowledge
and develop innovative products to help decrease newborn mortality due to birth
asphyxia worldwide.

The Laerdal Newborn Resuscitation Monitor (LNRM) is developed by
Laerdal Global Health, Stavanger, Norway and specially designed to be used
for research in limited resource settings. LNRM measures the ventilation (air-
way pressure, flow, CO2), ECG and acceleration signals. Two stainless steel discs
of the ECG-sensor are arranged on each side of a flexible arch to be placed gently
over the baby’s thorax or abdomen as illustrated in Fig. 1. The acceleration sig-
nal is measured by an accelerometer attached to the ECG-sensor. The dataset
used in this paper includes information of physiological signals and videos of
30 patients collected at the Haydom Lutheran Hospital from October 2013 to
January 2014.

Activities were manually annotated from the videos according to a set of
resuscitation activities defined by clinicians. Annotated “Activity” includes seven
different types: chest compression (fingers on chest on newborns and compress),
stimulation (the birth attendant is moving a hand up and down the back to
stimulate the column and spinal cord), tactile stimulation (stimulate on chest or
feet), drying thoroughly (using a cloth to wipe the baby), moving baby, moving
ECG-sensor, and other (uncategorized movements affecting the energy of the
acceleration signal). The 20 manually annotated episodes are referred as the trial
set since they are used as the experimental data to find the optimal parameters
for the algorithm detecting parts of the acceleration signal corresponding the
presence one of these activities.
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3 Method

The acceleration signals including 3 axes Ax, Ay, Az are sampled at 100 Hz.
There are two components in the acceleration signal: the high frequency com-
ponent corresponds to the body movement and the low frequency component
is influenced by the gravity. In the pre-processing step, a low pass filter is used
to compute the low frequency component as in Eq. (1). In our experiment, the
chosen optimal cutoff frequency is 0.1 Hz [14]. The coefficients found for the low
pass filter are: a1 = 1, b1 = 0.0063, a2 = −0.9937. The body acceleration is
calculated by subtracting the low pass filtered data from the original signal.

a1 · ALP (n) = b1 · A(n) − a2 · ALP (n − 1) (1)

After subtracting the low frequency component in each direction, Ax, Ay, Az,
the magnitude of the acceleration signal is then computed as:

A(n) =
√

A2
x(n) + A2

y(n) + A2
z(n) (2)

The amplitude of speech signals varies rapidly over time, and the short time
energy (STE) has been used for discriminating voice from unvoiced segments in
speech signal in some studies [15,16]. Similarly, the acceleration signal in our
dataset fluctuates significantly because of quick movement of the accelerometer
sensor during stressful resuscitation process. Thus, the energy associated with
acceleration signal is also time varying. The energy of the acceleration signal cor-
responding to activities is higher than the one without activities. Consequently,
short time energy can be used for activity detection. The association of activities
and STE of acceleration signal is depicted in Fig. 2

i-th frame of the acceleration signal is represented as:

Ai(n) = A(n) · w(i · T − n) i · T − N + 1 ≤ n ≤ i · T (3)

Where i = 1, 2,... w(n) denotes the windowing function with a finite duration of
N and T is the frame shift. In this paper, we choose the T = 1, thus the STE is
calculated as follows:

E(i) =
i∑

n=i−N+1

[A(n) · w(i − n)]2 (4)

The energy signal is smoothed by an averaging filter to remove high frequency
spikes. To detect the occurrence of an activity at a given time, STE of acceler-
ation signal is compared to a threshold value Thr. If the energy value, E(i) is
higher than Thr then the sample at i of the acceleration signal is considered to
be corresponding with activity otherwise non-activity.

Activity(i) =

{
1, if E(i) ≥ Thr

0, otherwise
(5)
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The choice of threshold value has an important impact on the sensitivity and
specificity of the algorithm. The optimal selection of parameters is determined
by using the trial set including 20 manually annotated videos. The energy of the
acceleration signal varies for each individual patient because it depends on how
stably the accelerometer sensor is positioned on the abdomen of the newborn,
whether the newborn is covered with the wrapping blanket, etc. Therefore, Thr
needs to be patient dependent but should also contain information of a global
minimum energy value as a common starting point for all patients. Thr is deter-
mined by the following expression:

Thr = G + δ = r · f + L · f = (r + L) · f (6)

Equation 6 has two parts: G is the global minimum energy value. δ is patient
dependent. G, δ are then expanded as G = r · f and δ = L · f , where r and f
are the parameters that can be learned from the trial set. L represents the local
minimum, a value dependent on the characteristics of energy acceleration signal
of each patient. L is the average of the values of the baseline points the energy
signal as illustrated in Fig. 2.

Fig. 2. The acceleration signal (upper plot) and its STE (lower plot). Baseline points
are marked in blue color. (Color figure online)

Applying a high threshold on the energy signal might cause small segments
in between an activity period to be wrongly detected as non-activity. Thus, in
the post-processing step, if one segment detected as non-activity had duration
less than 0.5 s, it was then re-labeled as activity. There is also the possibility that
small segments of non-activity are detected as activity due to a low threshold. To
avoid this situation, the segments that had duration less than 1 s were re-labeled
as non-activity because the duration of an activity is not likely to be less than
1 s. Figures 3(a) and (b) show the possible wrongly detected cases because of too
high and low applied thresholds respectively.
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Fig. 3. False positive (a) and false negative (b) due to too low threshold and too high
threshold respectively. The blue lines represent the applied thresholds.

4 Results

r and f are chosen in the range r = 0 : 0.05 : 0.5 and f = 0.01 : 0.01 : 1. The
optimal values of r and f are determined from the trial set and applied on the
test set to evaluate the activity-detection algorithm. The test set contains 10
videos annotated in a semi-automatic way. Specifically, to facilitate the annota-
tion of those 10 videos, a threshold Thr was preliminarily chosen and the result
of the automatic detection was used as the proposed of possible occurrence of
activities. To avoid bias, the 10 videos were observed and annotated giving the
true manual annotations used as the test set. We experimented with rectangular
and Hamming window types and various window length to compute STE. Ham-
ming window with length N = 51 gave the better results on the test set. The
average sensitivity and specificity over 20 patients in the trial set are represented
in the ROC curve as shown in Fig. 4. The optimal point marked in red color is
corresponding with ropt = 0.25 and fopt = 0.19. The test result is described in
Table 1.

Table 1. Performance of algorithm using the optimal value of r and f applying on 10
patients in the test group. The total duration of activities in 10 episodes of the test set
was 1299 s.

Sensitivity Specificity

Mean 90 % 80 %

Standard deviation 6 % 6 %

5 Discussion

The performance of the detection algorithm depends on the length of the win-
dow to compute the STE of the acceleration signal, the length of the average
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Fig. 4. ROC curve representing the performance of algorithm resulting from 20 patients
in the trial set. Optimal point is marked in red color corresponding to ropt = 0.25 and
fopt = 0.19 (Color figure online)

filtering window, and the chosen threshold Thr. The longer the average filter
window is, the smoother the energy signal is. However, the more energy lost, the
more difficult it is to distinguish between activity and non-activity. To balance
sensitivity and specificity, the energy threshold parameter Thr needs to be rea-
sonably chosen. In our approach, the selection of an appropriate threshold value
is experimentally chosen as the combination of the global minimum energy value
(G = r · f) determined from the trial set and the local minimum value δ = L · f
depending on individual patient. Small segments that are wrongly labeled in
case of unnecessarily high or low thresholds are re-defined in the post-processing
step.

During newborn resuscitation procedures, in addition to ventilation, several
different interventions are commonly performed within the first minutes after
birth. Bag mask ventilation is a crucial action to save non-breathing babies, but
other activities may also influence outcome. In addition to intended treatment,
activities like newborn breathing attempts or gasping, movement of the baby,
or touching the ECG-sensor by the birth attendants might occur and present
as noise in the signal. The noisy data makes detection of true treatment actions
more challenging. The detection of the presence and absence true treatment of
activities based on the acceleration signal is a further step in developing the
automatic system supporting clinicians in reviewing videos.

6 Conclusion

In this paper, we have illustrated an approach to detect activities per-
formed on newborns using the ECG-sensor integrating an accelerometer sensor.
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The detection method is based on thresholding the STE of the acceleration
signal. The performance of the algorithm allows the possibility to use the detec-
tion result as the input for the activity recognition to distinguish among seven
different activity classes annotated in our data. Automatic classification of resus-
citation activities is the next step in our work. The reliability of our detection
needs to be validated by applying more new test data.
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