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Abstract 

Engineering is becoming more and more involved in 

the medical practice by providing tools, techniques and 

working protocols that are meant to help in medical decision 

taking. Conducting a study in a medical environment comes 

with its challenges. When this study is performed by a non- 

medical person, outside this system, the challenge becomes 

even greater and has to be overcome. This paper is focused 

on presenting the disturbance factors that were encountered 

during the last 7 years of conducting a study of the newborn 

cry in a medical unit and the decisions taken to overcome 

the different obstacles. The topic of studying the cry signal 

generated by the newborn has been of increasing interest for 

both the medical and engineering researchers. Latest studies 

performed mostly in the last 25 years show that through 

feature extraction from the cry signal, relevant information 

can be found in order to classify different pathologies such 

as asphyxia, hypothyroidism, hypoxia, autism or other 

disorders. The study of pain cries has even a longer history, 

due to the fact that it clearly states an inner suffering which 

the newborn is vocalizing in his own language, which must 

be decoded and given a medical meaning. In order to 

perform the studies on the newborn cry, besides the cry 

signal, in some researches medical instruments have been 

also utilized in order to correlate between physiological 

parameters and some the cry extracted features.  
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Introduction 

The medical field has become very interesting for 

engineers in the last couple of decades, which can be noticed 

nowdays by the presence of advanced/complex tehnique in 

hospitals at the hand of medical personelle. Starting with the 

growth of storable data which can also be processesed and 

interpreted with the use of computational means, the field of 

medical engineering has appearead around 1950 when a 

series of a scientific articles have been written on this topic, 

culminating in the ‘70s when this new field becomes 

officially recognized by the scientific communities. The 

complex systems that comprise the human organism, as well 

as the interconnections and their interdependencies, provide 

multiple research topics for the engineers in collaboration 

with the medical researchers. The field of medical 

engineering brings together computer science, information 

technology, engineering and generic technology in all the 

medical branches in the areas of education, research and 

medical practice. The evolution of this new field has been 

manifesting more prominently in our days when the medical 

world embraces these computational capabilities and utilizes 

them in their daily practice as a decision taking support 

more and more frequently [1]. As it was mentioned before, 

at the middle of the 20th century the first entries of 

informatics are reported in the medical field. These first 

recordings are in the field of stomatology, when despite the 

lack of computers, doctor Robert Ledley utilizes for the first 

time the computational power in his research studies, which 

required numerical processing of his medical data. Ledley is 

a pioneer of the medical informatics field, his paper dated in 

1955, called „Medical progress – medical electronics” being 

considered a reference and a pleading  for the utilization of 

electronics of those times in advanced medical studies. At 

the beginning of the ‘60s the first electronic recordings are 

reported in veterinary studies, followed at the end of the 

decade by human medical recordings. Nowadays, each 

developed country has its national centralized patient data 

system, which in Europe is intended to be part of a bigger 

system which would be comprised of the national records 

from all member countries [2], [3]. Besides the utilization of 

new techniques for keeping the recordings, the expert 

system, called Mycin is developed. It uses artificial 

intelligence in the identification of bacteria that causes 

severe infections like meningitis. In the context of what was 

presented before, engineering becomes more present each 

day in the medical world, especially in the hospital units.  

The current study focuses on the engineering aspects 

that revolve around the newborns’ cry.  Crying is the first 

form of communicating by the newborn and could 

incorporate valuable information to direct the medical 

diagnosis. The cry is a complex waveform which needs 

dedicated tools and techniques for in depth analysis. This is 

where the engineering comes to help such studies, by 

providing both the tools and technique necessary to carry 

out research on these complex sound waves. The idea of 

studying the newborn cry in order to determine possible 

health problems has been started in the ‘60s when the first 

cry spectrograms have been generated.  
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Current technical developments provide professional 

sound acquisition and feature extraction capabilities together 

with analysis, studies on this topic having evolved 

gradually, showing remarkable progress [4]-[18]. The 

studies performed on the newborn cry intend to find a 

correlation between features extracted from the recorded cry 

signal and certain pathologies such as: hypoxia, hearing 

disorder, asphyxia, autism, hypothyroidism or others. 

In current medical practice, pregnancies are closely 

monitored and facts about the newborns health are known 

even before their birth, but there is the possibility of several 

affections which unfortunately are found only long time 

after birth when parents notice issues regarding the 

development of certain motor or mental functions or their 

baby’s delay or inability to start expressing basic words. 

Suspecting a medical condition is essential in order to direct 

an early diagnosis and thus, being able to heal or at least 

stop the illnesses progression before it is too late. Most of 

the medical tests that can be done after birth are invasive 

ones and the most common consist in blood draws from the 

newborn. Hence, the usage of an indicator such as features 

from the cry can be a non-invasive method to indicate the 

presence of pathologies or physical state. Therefore, 

conducting a thorough engineering study in the Neonatology 

department would be more than beneficial for both the 

medical personnel and most important, for the newborn 

patient. The following paragraphs will focus on the 

challenges that were encountered in order to conduct such a 

study, named suggestively, disturbance factors and the 

solutions taken to overcome these. 

This study of the newborn cry in order to determine 

patterns linking to different pathologies has been started in 

collaboration between engineers and the medical staff in 

2008 at the Obstetrics and Gynecology Clinique “BEGA” 

from the Emergency County Hospital from Timisoara in the 

Neonatology department. 

 

Material and Methods 

In order to perform a sound analysis investigation, the 

equipment and protocols for performing the investigation 

are one of the most important elements. First tentative for 

recording the newborn cry implied the usage of a video 

recorder with an external microphone attached in order to 

capture the audio signal from the newborn (Figure 1). 

Spontaneous cries were recorder in this manner with the 

intent of having both facial expressions and the cry sound. 

The recordings were made in the hospital in different areas 

on random newborns. The results of this first study were not 

very encouraging due to a lot of noise in the audio signal. 

The noise over the utilizable signal was due to the presence 

of other audio signals over the cry, a poor recording 

capability and quality from the video recorder and a very 

difficult possibility to extract sound features like amplitude, 

fundamental frequency or formants from the recordings.

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In order to perform a more accurate and meaningful 

study of the cry, requirements were defined in order to have 

a system capable to overcome the difficulties resulted for the 

first tentative. The system needs to be comprised of a 

professional recording instrument that can be utilized by the 

medical staff which provides online and offline cry signal 

visualization and the most important cry features need to be 

extracted and visualized as well.  

Having these requirements defined very clearly, the 

Neonat application was developed in order to be used in the 

Neonatology department by both medical staff and the 

engineers involved in the study. The Neonat application has 

already been presented extensively in [7]. The whole 

analysis system consists of a professional microphone that is 

connected to a laptop which has the Neonat application 

running on it. The cry signal captured by the microphone is 

analyzed in real time by the application showing a graphical 

representation of the sound waveform. Features from the cry 

signal represented by sound intensity measured in two 

different ways (using an emulated Volume Unit Meter and 

Figure 1. Video recording of a newborns cry. 
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Peak Program Meter) and sound spectrum (2D and 3D 

spectrograms) are both stored locally and represented 

visually in the application. The cry features are coupled with 

patient data, so that each relevant information can be 

accessed in a fast way by everyone using the application. 

Figure 2 shows a capture from the Neonat application during 

cry signal acquisition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Intensive usage of the Neonat application brought to 

light a series of other inconveniences when performing the 

study. Noisy hospital rooms, multiple users of the 

application and recording sessions at all times, generated the 

need of a recording protocol. The recording protocol was 

proposed in order to assure quality and repeatability of the 

measurements and consisted of a set of rules meant to obtain 

the data that needed to be gathered for the study (newborn 

birth data and data from the mother), equipment utilization 

rules (Neonat application guide and microphone set-up 

inside incubator) and ethical rules (consent from mother and 

curing doctor to perform the recording of the newborns cry). 

Among these rules, the equipment utilization conduit has 

been emphasized. Tests showed the necessity of through 

acquisition in terms of having a dedicated room and 

environment for the recording, similar recording lengths, 

keeping constant distance between the newborn and the 

microphone and in case of malfunctions of the microphone 

it was stated that it should be replaced with one from the 

same producer and with identical functional characteristics. 

All the rules have been detailed in one of the article 

presenting the Neonat application [7].  

By following the created protocol, a considerable 

database with newborns was created in one year 

(approximately 200 different newborns), without needing to 

take out too many recordings as a result of noise, faulty 

handling of equipment or abnormal values of sound 

extracted features. With such a database a Data Mining 

study could be performed in order to make a classification 

between different categories of newborns that were 

considered. The results of this study have been presented in 

[19]. 

The focus of the work was shifted then in determining 

patterns in the newborn cry that can be linked to 

physiological measurements such as the cerebral 

oxygenation. Such correlations have been studied and are 

still of interest to different interdisciplinary groups where 

medical personnel works together with sound technicians or 

engineers to determine the impact brought to the cry signal 

by heart rate fluctuations, peripheral or cerebral blood 

oxygenation among others [21], [22].  

The study performed by our group consisted in the 

utilization of several equipment for the cry signal 

acquisition, real time visualization and post processing 

together with the measuring of the cerebral blood 

oxygenation during lab draws. A professional acquisition 

tool, the Olympus LS-100 PCM Multi Track Recorder was 

brought into the study in order to have a very good quality 

recording and to be able to do precise post processing and 

analysis of the cry signal. In order to determine the cerebral 

blood oxygenation the oximeter INVOS 5100C has been 

used. This medical equipment helps to determine in a non-

invasive way the ischemic risk (the local deficit of blood) at 

the brain level or vital organs by measuring the hemoglobin 

level right under its sensors on the monitored area of the 

scalp (in this study). The measured parameter is represented 

by the regional hemoglobin oxygen saturation (rSO2) which 

is the value at tissue level of the oxygen from the 

hemoglobin which is left after tissue irrigation [20]. The 

main goal of the study that was performed was to follow the 

modification of the blood saturation at cerebral level when 

pain is present, in this case when the medical personnel 

performs blood draws from the newborn and correlating this 

information with features extracted from the pain cry using 

the Neonat application. The cry signal was visualized in real 

Figure 2. Capture from the Neonat application while recording. 
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time with the Neonat application and acquired for post 

processing with the Olympus PCM recording device. 

This new direction of the study required more people 

to be present during a recording: a nurse for performing the 

blood draw, an operator for the Neonat application, someone 

to start/stop the Olympus recording device and give the 

signal for the blood draw sting and an operator for the NIRS 

equipment. Having this number of people involved at the 

same time requires precise timing and coordination between 

all the team members, otherwise the results would be 

impossible to interpret. The information collected by the 

INVOS tool about the rSO2 parameter is localized, in real 

time and continuous. Therefore it allows the possibility to 

correlate its values with features from the cry signal which 

are as well in real time and continuous. The problem of the 

data coming from the cerebral oximeter is represented by the 

frequency of the measurement, which is fixed at 5 seconds. 

Therefore the need for one of the team members to give 

signals at each of the important events during the procedure 

(starting the recording,  setting the cerebral oxygenation 

parameter baseline, start of the procedure, end of the 

procedure, stopping the recording) which need to be known 

and given a time stamp.  

Given all the equipment and techniques tried so far in 

the study of the newborn cry, it can be concluded that in 

terms of material and methods it is very important to have a 

protocol to follow during procedures, which in most of the 

cases was the result of several faulty tentative. The 

following paragraphs which contain the results will 

highlight these aspects concerning wrongful procedures and 

the correction of these. 

 

Results 

 

The first cry acquisition system that was tried out, 

comprised of the video recorder and the external 

microphone connect to it, was analyzed in terms of the 

recorded cry signal is shown in the form of a waveform for 

one of the newborns is Figure 3. This waveform which was 

generated was the result of using external sound analysis 

software and is very affected by noise coming from the 

ambient and internal equipment noise as well. In order to be 

able to get useful information from this, filters can be 

applied. The only problem with applying a low pass filter 

for instance is represented by a minimal threshold value that 

needs to be set for the filter, in order to allow values only 

above that value to pass the filter. Without having a past 

experience with the newborn cry, setting this lower 

threshold presented the risk of leaving out values that are 

not part of the noise, but information from the cry itself. 

Similar thoughts are available when applying a high pass 

filter or a band pass filter, namely the possibility of losing 

features from the cry itself in the tentative of cleaning the 

noise that is over it. Each of the recordings made in this 

manner have similar waveforms, and the need of filtering is 

available there as well. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Neonat software was created for the purpose of 

having a dedicated tool that can allow both the acquisition 

and analysis of the cry signal. The software allows a fast 

configuration for the acquired sound (selecting amplitude 

representation interval, filters and their parameters, sampling 

rate, Fast Fourier Transform detailed configuration and 

other parameters considered useful for the study) and 

visualization possibilities (2D and 3D spectrogram for data 

chunks or for the whole cry signal, sound intensity, Volume 

Unit Meter or Peak Program Meter measurements). This 

way, many of the disturbance factors can be eliminated and 

the acquired information becomes more reliable. The screen 

capture of the on line sound acquisition was presented in 

Figure 2. 

Developments have been obtained and presented in 

articles of the authors [7], [19] by using this special 

developed software, Neonat. First studies were conducted in 

order to determine the protocol (which was mentioned in the 

previous section) for performing the later on experiments, 

which consisted in a Data Mining analysis of several new 

born groups with similar pathologies with the intent of 

making a classifications between healthy newborns and each 

of these groups. The results of this study showed a very 

good classification capability of the tool Weka (which was 

incorporated in the application) when searching differences 
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Figure 3. Waveform of a cry recorded with the video camera. 
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between the witness group (healthy newborns) and a group 

of premature newborns (gestation age < 38 weeks), a group 

comprised of newborns with respiratory problems and a 

third cluster of newborns with Apgar score below 7 which 

were born on time but diagnosed with severe illnesses like 

neurological suffering. 

The results obtained in these first steps, determined the 

new approach on the cry analysis. As it was mentioned 

before, the focus was directed towards determining patterns 

in the cry that could be linked to physical parameters. In the 

study conducted with the INVOS cerebral oximeter and the 

auxiliary recording instrument, the Olympus PCM recorder 

the synchronization between the team members was a big 

obstacle that needed to be handled. The protocol for this 

study was created to assure that the information about the 

rSO2 was mapped correctly on the cry signal in different 

important moments: baseline setting, nurse starting the 

blood draw procedure or the blood draw end point. 

Nevertheless, after having all tasks synchronized and results 

starting to show there have been noticed several cases when 

the behavior and evolution of the cerebral oxygenation was 

not the foreseen one. In these situations, the expected 

decrease of the oxygenation parameter was not very visible 

or it presented as an increase (Figure 4 a)). This result was 

possible when the needle sting or the blood draw did not 

affect in any way the newborn. There were situations in 

which all these invasive actions did not generate an expected 

cry of the newborn and an increase in the saturation could be 

seen. Two main factors can lead to such a situation: 

- the nurse doing the procedure can puncture the vein 

where the collecting is done, immediately without inducing 

any pain; 

- the newborns pain acceptance level is so high, that it 

needs a more powerful action to inflict this pain. 

Although these situations can be seen very fortunate 

from the patient caring point of view, in terms of the study 

these are disturbance factors that make such cases unusable 

for the study. 

In Figure 4 b) is an example from the INVOS software, 

showing the variation of a newborns’ cerebral oxygenation. 

This example shows a very big decrease in saturation which 

can be very dangerous for the newborns’ state. Such a big 

decrease can cause brain lesions and is a very unfortunate 

situation when no monitoring is performed. Since cerebral 

oxygenation monitoring is not usually performed given the 

costs that it implies, and without an indication of its 

necessity, cry analysis can be a very viable alternative if it 

can give an indication about the cerebral oxygenation level, 

for instance. 

 

 

 

 

 

                                       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The choice of this example shown in Figure 4 b) is due 

to the developments of this newborns’ case. Such a big 

decrease in the saturation, below the value of 40% and a 

high dominant frequency that was noticed in the cry 

spectrogram of the word following the puncture, lead to 

further investigations that discovered a neurological 

suffering of this newborn. Although this was not the goal of 

the study, the result was very encouraging for the overall 

purpose of the newborn cry signal study in order to 

determine patterns for different pathologies. Although for 

the other cases such a situation like the one presented was 

not as clearly highlighted, there were similarities regarding 

the high decrease in the rSO2 value and dominant 

frequencies above 1 kHz. Such a high dominant frequency 

even for a pain cry with no energy components on lover 

frequencies (400Hz-600Hz) looks to be consistent with the 

saturation decrease. 

 

a) b) 

Figure 4. Screen captures from the INVOS software. 
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Conclusion 

The ongoing study of the newborns’ cry analysis 

presents itself with a lot of challenges. In this paper were 

highlighted a couple of the disturbance factors that have 

been noticed and overcome in the last 7 years of studies of 

this topic. The study has gone through different stages, each 

of them highlighting problems that can occur and which 

need to be overcome. 

Beginning of the study showed the necessity of a sound 

proof room and the need of a dedicated equipment coupled 

with a software tool in order to make custom settings to be 

able to rely on the output results. In this context, the Neonat 

software was created and the recordings have been taking 

place in dedicated hospital rooms inside incubators. 

When having dedicated software which is easy to use 

by the medical personal it is necessary to create a procedure 

protocol in order to offer the same conditions to all the 

subjects present in the study. A protocol was created as a 

result of past experience and the results became reliable and 

first conclusions were drawn by using Data Mining 

techniques to perform a classification of the newborns 

present in the study. 

Such a long term study can have multiple developments in 

time. The idea of having other equipment to conduct other 

type of studies is something that is meant to happen. This 

will generate other types of disturbances in the study, like 

the problem of having to synchronize work of 4 team 

members with 4 different tasks on different equipment or the 

different nurses participating in the study, with different 

abilities to puncture a vein that can lead to different 

reactions from the newborns investigated. 

Overall, the study has shown so far very promising 

results that were obtained when dealing with disturbances 

from the engineering point of view, namely: dedicated tools, 

well defined work protocols and synchronization between 

tasks in order to have reproducible and reliable outcomes. 
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