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Abstract 

 

 

 Obstructive sleep apnea is nowadays as respiratory disorder with serious 

consequences that affect people’s life quality. The percentage of cases in children in 

pre-school age is around 1-3%. 

 Polissomnography (PSG) is currently the most common technique for sleep 

study, during an entire night , where countless vital signs are continuously monitored.  

The short number of pediatric hospital with this kind of testing, its complexity and 

elevated costs, lead to the development of new devices. 

 Sleep@Home is an innovative and non-invasive system, with which 

children can be monitored from their homes and the signal feed is remotely uploaded 

to a health unit where the data can consulted. The purpose of this system is not to 

replace the PSG but rather be a less awkward tracing device fro children. To reach this 

goal, it is necessary to carry out more clinical tests in order to validate the system. 

 

 

Key-words (Theme): Obstructive sleep apnea syndrome, oxygen saturation, heart rate, home 

monitoring, diagnosis support, childhood. 

Key-words (Technologies): Oximeter, video camera, respiratory effort bands, sound.
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Resumo 

 

 

 A apneia obstrutiva do sono é nos dias de hoje um distúrbio respiratório 

com consequências graves que afectam a qualidade de vida das pessoas. A 

percentagem de casos em crianças de idade pré-escolar é de cerca de 1-3%. 

 A Polissonografia é actualmente a técnica mais utilizada para o estudo do 

sono, durante uma noite completa num hospital, em que inúmeros sinais vitais da 

criança estão continuamente a ser monitorizados. O reduzido número de hospitais 

pediátricos com este tipo de exame, a sua complexidade e custos elevados, promovem 

o desenvolvimento de novos dispositivos. 

 O Sleep@Home é um sistema inovador e não invasivo, em que as crianças 

podem ser monitorizadas a partir de suas casas, e a aquisição dos sinais é transmitida 

remotamente para a unidade de saúde onde os dados podem ser consultados. O 

objectivo deste sistema não é substituir a PSG, mas ser utilizado como um dispositivo 

de rastreio menos estranho para as crianças. Para isso é necessária a realização de 

mais testes clínicos a fim de validar o sistema. 

  

  

Palavras-chave (Tema): Síndrome da Apneia Obstrutiva do Sono, saturação de oxigénio, 

frequência cardíaca, monitorização no domicílio, apoio ao diagnóstico, crianças. 

Palavras-chave (Tecnologias): Oxímetro, câmara de vídeo, bandas de esforço respiratório, 

microfone. 
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3. TECHNICAL REVIEW 

 

More and more studies in this century, demonstrated the most importance of 

sleep apnea diagnose in children. This chapter analyzes some types of sensors/methods in the 

market. 

 

 

3.1  Literature Review 

 

The classification of the recording technology used for the diagnosis of 

sleep-related breathing disorders, proposed for the American Sleep Disorders 

Association (15) about different monitors used in diagnostic for sleep apnea, can be 

represented in: 

 

Table 3 – Types of sleep-study monitoring devices 

Type 1 

• Minimum 8 channels 

• Is considered the gold 

standard in-laboratory 

EEG, EOG, ECG, EMG, airflow, respiratory 

effort, SpO2, body position 

Type 2 • Minimum 7 channels 
EEG, EOG, chin EMG, ECG or heart rate, 

airflow, respiratory effort and SpO2 

Type 3 • Minimum 4 channels Airflow and two channels of respiratory 

movement. Usually no EEG is monitored. 

Type 4 • 1 or 2 channels SpO2 or airflow. 
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The Polysomnography (PSG), the gold standard technology for diagnosing 

OSAS, is defined a Type 1 and the portable monitors are classified for three types (2, 3 

and 4). 

Increased investigation in sleep studies, simultaneously with PSG 

limitations, triggered the search of alternative methods of diagnosis, not only simpler 

and economic but also performable in a family environment.  

Interest and development of these alternative methods have been 

growing, mainly at the portable monitoring level. Recently, new devices have been 

developed capable of monitoring the sleep, the nocturnal breathing and oxygenation 

of the blood in patients at home. Likewise, more sophisticated equipment was also 

developed in order to enable the study (at home) equivalent to PSG in the laboratory. 

The alternative methods, although they are not a complete means of 

diagnosis, may be useful in screening or in preliminary studies, in cases where there 

are not necessary resources to carry out the PSG. 

A more attractive alternative to in laboratory testing is to evaluate children 

in their homes. In your ambience, the sleep is natural and feelings better. 

 The recent literature review, it is analysed the different portal devices in 

market and some applications in sleep centers. The number of signal monitored 

(channels) and the conclusions of sensibility/specificity tests are very important for the 

study validates and sleep disorders diagnosis. 
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- System upgrade to any system of PSG 

CleveMed, suitable for home monitoring 

- System with 14 channels (EEG, EOG, chest 

and abdominal respiration effort, pulse 

oximetry, airflow, snore, body position, ECG, 

EMG) 

Table 4 – SleepScout™(16) 

SleepScout
™ 

(CleveMed) 

7 channels  

- Pulse oximetry 

- Airflow 

- Snore 

- Thoracic and Abdominal Effort 

- Body Position 

- Thermistor or Blood pressure 

2 additional channels 

- ECG/EMG or EEG/ECG 

 

Table 5 – PSG@Home™(17) (18) 

PSG@Home
™

  

(CleveMed)  

 

 

 

 

 

 

Table 6 - RUSleeping™ RTS Screener for Apneic Events(19) 

RUSleeping™ RTS Screener for Apneic Events 

(Respironics) 

1 channel 

- Nasal cannula 
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Table 7 – Stardust®(20) 

Stardust
®
 - Sleep Recorder 

5 channels 

- Airflow sensor 

- Effort sensor 

- Oximeter 

- Body position monitor 

- Patient event monitor 

 

Table 8 - SleepStrip®(21) 

SleepStrip® Disposable Sleep Apnea Sensor 

1 channel 

- Oral and nasal airflow sensor 

 

Table 9 – LifeScreen Apnea® (22) 

LifeScreen Apnea® 

Holter Oximetry Apnoea Assessment® 

2 channels 

- 3 sensors of ECG 

- Oximeter 

 

Table 10 - ApneaLink™(23) 

ApneaLink™ 

(ResMed) 

3 channels 

- Oximeter 

- Airflow 

- Snore 
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Table 11 – NovaSom QSG™ (24)(25) 

NovaSom QSG™ 

5 channels 

- Oximeter (finger oximeter) 

- Airflow 

- Respiration effort 

 

 

Table 12 - Embletta™(26)(27) 

Embletta™ 

7 channels 

- Nasal cannula 

- Oral thermistor 

- Abdominal and chest movement 

- Oximeter 

- Body position and activity sensor 

- Snore 

 

The new technologies present in tables 4-12(for patent information, please 

consult Appendix I) do not replace the PSG. There is a need to establish development 

priorities for home screening and simple-diagnosis. It is not necessary to displace 

children (or adults) to a laboratory for studies of sleep, often distant from home. Is 

important refer that the nine devices mentioned in this chapter (tables) similar to the 

Sleep@Home. They were chosen because they provide portable monitoring in 

patients’ home of, reducing the number of children submitted to a study in the sleep 

laboratory at a clinic or a hospital. 

 



  CHAPTER 3 – TECHNICAL REVIEW 

 

14 

 

A report by the American Sleep Disorders Association and American 

Thoracic Society, demonstrated that home tests for the screening of OSAS should be a 

Type 3 or lower (Type 2) (15).  Type 4 (1 or 2 channels) has a good performance, but 

was given a low evidence rating.  

The several conclusions of the different products studies indicate that only 

the clinical use of Type 2 portable monitors in either attended or unattended settings 

and some Type 3 monitors seemed to be potentially acceptable in the attended 

laboratory setting, but with some limitations. 

These conclusions has also provided us (team project) will and strength to 

do better and to develop a simple, portable and efficient device. 

 

3.2  Signals used for detecting events 

 

This research assessed the performance and high-fidelity of signal 

monitoring by the different systems in detecting OSAS symptoms. 

To start it is very important to distinguish between the terms “signal” and 

“channel”. In a system of diagnosis of sleep disorders, there are different channels that 

collect the various signals which will then be analysed. It is possible that a channel 

collects more than one signal. For example, an oximeter, usually detects the heart rate, 

the saturation of oxygen, among others, but it is a single channel. 

One of the objectives of this project was to understand what are the most 

important signals for a diagnosis similar to the PSG, so as to reduce the costs and the 

other less attractive aspects of PSG, but always ensuring a proper screening of OSAS. 
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3.2.1 Oximeter 

 

In sleep medicine, the pulse oximetry has as important role in the 

interpretation of PSG, but has lost status as the sole parameter for diagnosis of 

respiratory sleep disorders. In recent years, it has been discussed about the 

effectiveness of digital nocturnal oximetry as a tool for screening, to identify patients 

with respiratory sleep disorders. The need to reduce the cost for diagnostic procedures 

in sleep disorders has increased, while technological advances have developed 

portable pulse oximeter , reliable and of low cost (28). 

Oximetry is a part of PSG and it is used to measure the oxygen 

dessaturation (SpO2) and rate. It has been an essential tool in sleep medicine as it 

detects the rapid fluctuations in arterial oxygen saturation during sleep, which is a 

characteristic of sleep apnea patients. Thus it allows the early detection of respiratory 

disorders. 

In the majority of oximeters it is possible to detect the heart rate (number 

of heart beats per unit of time). 

Through pulse oximetry systems based on absorption of light by the blood 

on fingertip (same systems that measure oxygen saturation in the blood), we are able 

to get on a non-invasive plethysmographic signal. This signal represents the volume of 

arterial blood continuously (peripheral arterial tone - PAT) and presents a cyclical 

pattern due to the sync with the heart rate, to measure the pulse. Volume of arterial 

blood depends on blood pressure and also the degree of contractility of the arteries. 

Thus, the volume of blood to light absorption by the system of oximetry reflects on the 

recording of the plethysmographic signal (29). 

The contraction of the muscles and the relaxing the arteries walls are 

controlled, among other mechanisms, by the autonomous nervous system that 

determines muscle tone. Depending mainly on the action of the sympathetic nervous 
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system or the parasympathetic nervous system the arteries will contract 

(vasoconstriction) or dilate (vasodilatation) respectively (30).  

An event of apnea is associated with increased activity of the sympathetic 

nervous system. This activity, leading to vasoconstriction, is reflected in the 

plethysmographic signal as a reduction of the fluctuations size whose detection may 

be useful in identifying apneas. 

Many PSG systems and some investigators use this signal for detecting 

apneas and hypopneas.   

The study of the recognition of apnea events in children were based only 

on a plethysmographic signal as cited in the work of Gil E. et al. (31)(32). These authors 

have developed a method where the apnea events to detect are those longer than 3 

seconds in which the magnitude of the signal is less than 33% of the normal range, 

referring to the previous cycles to the apnea event.  

The method uses an algorithm that compares the decision to 

plethysmographic signal modified with a limit value. The method was applied to 

simulated signals and real signals and, in the both cases, the results suggest that the 

physiological plethysmographic signal contains information that may be useful in 

various fields of medicine, including on studies of sleep disorders since it provides 

information on the activity of the sympathetic nervous system (33).  

Another author (Schnall et al. (34)) explains in his article that pulsatile 

finger blood flow patterns can be evidently diagnostic of OSAS and other settings of 

sleep disorders breathing. 

The additional value of this type of diagnosis is the rapid efficiency and, in 

many cases, quickly followed by treatment Figure 2. In other, words, children do not 

have to go to long waiting queues for a test of PSG, in the few laboratories adapted to 

pediatric situations.  
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Figure 2 – Diagram of overnight pulse oximetry to screen for sleep disordered. 

 ODI: Oxygen Dessaturation Index (oxygen dessaturation per hour of sleep) – Adapted (35) 

 

3.2.2 Respiratory parameters 

 

The respiratory measures can be classified as direct, such as 

pneumotachograph to evaluate direct airflow; or indirect measures, using respiratory 

effort to estimate changes in airflow in the upper airways. 

 

• Direct measures 

The standard method for quantifying and identifying airflow during sleep is 

the pneumotachograph, but it is not usual in detection of apnea of sleep, because it is 

uncomfortable and can disrupt sleep.(36) 

The nasal cannula is connected to a specific pressure transducer that is a 

piezoelectric sensor (crystal). This crystal estimates the changes in air pressure, into 

the nostrils. During the inspiration, the air pressure is negative regarding atmospheric 

pressure and during expiration the pressure is positive, usually know as the 

fluctuations of nasal pressure.(37) 
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The extent of these changes in pressure can be used as qualitative and 

quantitative estimate of airflow in the upper airways. 

The evaluation of the shape of the curve or airflow, usually sinusoidal, has 

also been used in assessing breathing. 

It is a more sensitive and specific technique than a thermistor record of 

hypopnea awakenings and related increased in respiratory effort. The nasal cannula is 

not invasive, tolerated without difficulties and has been regarded as the best 

technology available for non-invasive monitoring of breathing during sleep, does not 

require calibrations for use. 

The thermistors and thermocouple transducers are sensitive to changes in 

air temperature. The electrical resistance of the resistor changes in accordance to 

changes in air temperature during the respiratory cycle. The higher temperature of 

breath warms the sensor increasing the resistance and the flow inspiration cools the 

sensor, causing a decrease in resistance in thermistor or voltage in the thermocouple. 

These sensors do not produce a quantitative and real measure of the 

volume of air that enters or outs the nostrils and mouth, but only an indirect and 

qualitative measure of the airflow, or whether there is respiration (airflow). 

The waveform signal is generated by the nasal cannula detecting the 

fluctuations in pressure caused by inspiration and expiration. These fluctuations 

(inspiratory and expiratory) give different signals recorded from a thermocouple or 

thermistor. These signals are proportional to the flow. There is a theoretical possibility 

that applies a linearization of the pressure signal from taking its square root, but this 

has little influence in the shape of signal in most cases. 

 These sensors are susceptible to detection of obstructive sleep apnea and 

central sleep apnea but, unlike the nasal cannula, they are not sensitive enough to 

detect hypopnea as. This technique was widely used in the past due to lack of better 

techniques. Today, it has been replaced in most clinical laboratories and research by 

nasal cannula. (36) 
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• Indirect measures 

There are several methods of registering the respiratory effort during sleep 

such as the record the movements of expansion-retraction of the chest and abdomen, 

the diaphragmatic muscular activity or variations in esophageal swing pressure. 

Measures of respiratory effort are very useful in assessing breathing, 

especially during periods of increased resistance of the upper airways, where the 

respiratory effort increases to continue adequate ventilation. 

The measure of respiratory effort is essential to differentiate the central 

sleep apnea and obstructive sleep apnea. In central events there will not be respiratory 

effort, while during the obstructive event the respiration effort remains. 

In some cases, the patients have signals and symptoms that propose 

obstruction of the upper airway, but the PSG made in sleep laboratory does not 

present many apneas and hypopneas to give a sleep apnea diagnosis . The esophageal 

pressure swing or just, esophageal pressure (PES) is the monitoring gold standard for 

determining the quantitative and qualitative respiratory effort and repetitive, gradual 

increases in negative intrathoracic pressures, during sleep.(38)  

This process uses a flexible catheter and a pressure transducer of 

piezoelectric crystal. The catheter is flexible and of small diameter, with an inflatable 

balloon at the bottom, known as esophageal balloon. The balloon, inflated with 1 ml of 

the air, transmits the intrathoracic pressure using the pressure transducer. The 

quantitative record of esophageal pressure reflects the changes in effort, during the 

respiratory cycle.  

The highest inspiration effort will be the most negative intrathoracic 

pressure. The balloon is extremely useful in diagnosis of the upper airway resistance 

syndrome (UARS).(39) 
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The use of a esophageal balloon requires trained technicians in its use. The 

catheter is inserted by the nostril after local anesthesia of the nasopharynge and 

placed in the esophagus. It should be positioned in the center third or bottom of the 

esophagus, scouting for suitable variations of intrathoracic pressure. However, some 

patients do not tolerate well the intra-esophageal catheter. In children, this type of 

surgery is unusual. 

Despite increased interest in UARS and the diagnosing of PES, little 

literature has been published about this subject. (40) 

Thoracoabdominal movements are an indirect flow measurement. (41) 

Respiratory effort bands consist of a transducer that converts the kinetic 

energy into electrical potential. The goal of the system (transducer and band) is to 

register the change of thoracic and abdominal volume and generate an electrical signal 

transmitted to the polygraph. Therefore, the strapping does not records physical 

forces but the change in the expansion of chest and abdomen.  

The rationale is based on the study of the amplitude of the swing 

movements of the thoracic and the abdominal compartments, and on the comparison 

of the synchrony between both movements. (42) In case of an obstructive apnea, 

there is a decrease and an asynchrony of the bands, resulting in a reduction in the 

amplitude of the sum of the signal from abdominal and thoracic bands. By contrast, 

during a central apnea, the thoracic and the abdominal compartments move, with 

which the signs from both bands and their sum are nil. 

In Figure 3, shows a mixed apnea in OSAS children.(42) It is possible to 

analyze the central apnea (in first part) with stoppage of thoracic and abdominal 

movements and the obstructive apnea with “out-of-phase” thoracic and abdominal 

movements. The sum of the band movements were approximately zero. 
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Figure 3 – The mixed apnea in children - Adapted (42). 

a) Flow – estimated with nasal pressure recording for the PSG; b) Thoracic (Thor.) and 

abdominal (Abd.) were the signs provided by the respiratory bands movements; c) Sum is the 

adding of the signs recording by the thoracic and the abdominal bands. 

 

During the PSG, the movement thoracoabdominal paradoxical is frequently 

found which means a possible obstructive apnea. Under normal conditions, the 

circumference of the chest during inspiration increases and decreases during 

expiration. By contrast, abdominal circumference increases during expiration and 

decreases during inspiration. In obstructive sleep apnea, in some cases, the chest 

circumference may decrease during inspiration and increase during expiration. This is 

called a paradoxical breathing and can also happen with no obstructive sleep apnea. 

(43) 

The operation of the transducer can be a silicon tube filled with a liquid 

substance as conductor, sometimes mercury or a solution whose electrical resistance 

Time 
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varies with the length of the tube filled. The tube is inserted into an elastic strap that 

accommodated is comfortable around the chest (at the level of armpits) and another 

band is place around the abdomen just above the iliac crest of the patient.   

The belts are simple to use, low cost and serve as a qualitative measure, 

but not quantitative, of respiratory effort. In very obese patients, the usefulness of 

these belts is more restricted, mainly by the difficulty of keeping them properly 

positioned during the examination. 

 

3.2.3 Snore 

 

The snoring is the most common form of manifestation of respiratory sleep 

disorders, and it is expected to affect 3 – 12% of children. (44)  

The snoring attended by respiratory pauses or sudden inspirations can be a 

symptom of OSAS, UARS (Upper Airway Resistance Syndrome) or indicate a possible 

trend for these syndromes. Although the majority of children affected by respiratory 

sleep disorders snore, this condition is not an indicator of the presence of UARS or 

OSAS. Because of this duality of snoring, the screening of a possible existence of a 

more serious disturbance is necessary. The American Academy of Pediatrics 

recommends that all children who snores should be evaluated to discriminate between 

benign resonate and resonate as pathological symptom. (Figure 4) 

Despite the fact that snoring is the most common symptom of OSAS, it is 

intensity, is not related to the severity of respiratory sleep related disorders. 

Many authors consider the respiratory sleep disorders as a continuous 

spectrum of disorders in which an individual can progress or regress. (45) The degree 

of severity of an airway obstruction goes from mild obstruction, causing the snoring, to 

total obstruction, which results in as episode of apnea. 
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Figure 4 – Respiratory disorders of sleep and degree of severity of airway obstruction.  

Adapted (46) 

 

Although the degree of severity of snoring should be unrelated to the 

upper airway obstruction severity, this signal when analyzed together with other 

channel (for example, video signal) may become important to identify the respiratory 

events observed in the oximeter, video, thoracoabdominal bands or elsewhere. (47) 

(48) 

 

 

3.2.4 Body Position (and activity sensor) 

 

The sensors of body position are usually fixed to the children’s chest which 

generates a signal different for each position of the body. The monitoring of position 

becomes important in the diagnosis and treatment of cases of patients exclusively with 

respiratory pauses. Nonetheless, this method is also used to detect other causes or 

sleep disorders apart from respiratory conditions. 

Cartwright (49) proves in his investigation that in adults there is a 

significance decrease in OSAS events, while the supine position
1
 is not advisable. In 

                                                            
1
  The supine position is a position of the body, with lying down the face up. In contrast, the face down, 

there is the prone position. 
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contrast, this conclusion is not confirmed in children. Many authors explain in their 

studies, the effects of body position in breathing sleep disorders. (50) (51) These 

studies have reposted that sleep position does not affect the severity of OSAS in 

children. Inclusively American Academy of Pediatrics suggested that children breathe 

better when they sleep in the supine position.  

Pereira et al. (52) (53) found that there is an increase in the respiratory 

index, when increased time is spent in the supine position in young children. 

 

3.2.5 Electroencephalography (EEG) 

 

The record of the EEG is the main parameter for the stages of sleep. From 

the electroencephalography it is possible to identify the specific graphics and recognize 

the different stages of sleep (stages I to IV of N-REM and REM sleep). (55) 

 The electrodes are placed according to the international system 10-20. For 

a study of sleep, are routinely used only the electrodes C3-C4 and O1-O2. The occipital 

electrodes serve to identify the beginning of sleep, as the high frequency components 

of the EEG are highly correlated to the level of consciousness of the child or adult 

patient.  

The dominating frequency shifts to higher frequencies and lower 

amplitude, as the activity increases. The alpha rhythm (α, 8-12Hz) is typical of vigil and 

observed in regions beyond the brain. Beta (β, 16-20Hz) is a high frequency, as alpha. 

For lower frequency rhythms, it’s necessary to focus on theta (θ, 4-8Hz) and delta (δ, 

0.1-4Hz) during sleep.  

The observation of breathing events during sleep with only one EEG sensor, 

will not detect the events of apnea or hypopnea, because the high frequency noise 

that occurs through REM sleep.  
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3.2.6 Electrooculography (EOG) 

 

The EOG is a recording of the movement of the eyes, (56) that occur during 

REM sleep and the slow eye movements that occur during the transition vigil-sleep. 

This is a channel, connected to a system of PSG that registers the signal and 

identify rapid eye movement sleep stage. An electrode is placed about 1 cm below the 

horizontal plane and slightly sideways, while the other is placed about 1 cm above and 

also slightly sideways. 

This provision allows the identification of horizontal, vertical and oblique 

eye movements. 

 

3.2.7 Electrocardiogram (ECG) 

 

The ECG serves primarily to detect the frequency and cardiac arrhythmias 

and, contrary to heart disease diagnosis, does no require any other signal such as 

morphology. It needs only to demonstrate the QRS complex. (57)  

 

3.2.8 Electromyography (EMG) 

 

The muscle atonia
2
 is one of the most characteristic features of REM sleep. 

PSG and the record of EMG is as criteria for REM sleep recognition and for recognition 

of awakenings. The electrodes are placed on the skin over the muscle tissue. (58) 

                                                            
2
 The muscle atonia is a diminution of the skeletal muscle tone marked by a diminished resistance to 

passive stretching (4) 
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Other EMG channels can be used in certain sleep disorders, such as 

anterior tibial muscle in the previous suspicion of periodic movements of the members 

and other sleep disorders. 

 

3.3  Importance of fewer channels 

 

As mentioned before, many OSAS patients currently do not have access to 

a laboratory with PSG. This urgent matter is acknowledged and there is an increasing 

interest in other approaches to diagnosis, portable monitoring, that have been 

proposed as an alternative to PSG in the diagnostic assessment of patients with 

suspected sleep apnea. (59) 

Portable monitoring encompasses a wide range of devices that can record 

as many signals as does attended PSG or only one signal, such as with oximetry. In this 

project there were three types of portable monitoring investigated: 

• Type 2 – comprehensive portable PSG. 

• Type 3 – modified portable sleep-apnea testing. 

• Type 4 – continuous single or dual bioparameter recording. 

 

Based on the proposal of the American Sleep Disorders Association, see 

chapter 3.1, type 3 and 4 devices cannot score sleep and, therefore, do not meet some 

current medical diagnosis. 

Usually, EEG, ECG and EMG signals are not recorded by portable 

monitoring, because they are very complex, require more cables and are most 

disturbing for children. For this reason, it was decided that the system Sleep@Home 

would not present any of these signs. But it is important to note, that signals are 

relevant to the detection of sleep. For example, only through the EEG it can be 

detected if the patient (child) is sleeping or awake, but for these situations we propose 
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another type of monitoring, video camera, which allows the detecting of the entire 

exam and where it is possible to identify some signs of how the child is sleeping.  

Developing validated portable monitoring devices is urgently needed.
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4.  SLEEP@HOME – PROJECT DEVELOPMENT 

 

In this chapter are arguing the choices and decisions based on revision of 

current literature and the knowledge of other team: students, doctors and sleep 

technicians.   

 

4.1  Sleep@Home Analysis 

 

Sleep@Home is a result of work done below final project in Biomedical 

Engineering, beginning in 2006/2007, under a work in various entities, the University 

of Coimbra, Pediatric Hospital of Coimbra and ISA.   

During this period, a prototype A was developed in order to be able to 

validate the system, having been tested in a hospital environment and outwork. 

Following the tests, the results were positive and interesting. The hardware and the 

software have shown good performance, but it is important continue testing the 

algorithms and the alarms (several statistics results and delta index). 

In the end, the mains goals have been met and it was possible to establish 

a good synchronization of the various components of the system, detect alarms and 

visualization. 

The main objective this year was the certification and validation of 

Sleep@Home – Prototype B. This validation will be achieved through a fair number of 

clinical trials and improved level of hardware, by the American Sleep Disorders 

Association. 
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As it has been mentioned, this project was developed by a team composed 

by two elements during a year. The student Ana Sofia Pardalejo was responsible for 

the analysis and selection of the hardware components for the best results and 

increased clinical validity. The other student, Rafaela Inácio developed a plan of clinical 

tests for validation of the system; and its graphical interface was developed by the ISA 

team. Tests were conducted at the Hospital Centre of Coimbra – Pediatric Hospital 

(tests in children) and General Hospital (tests in adolescents and adults).  

 

4.2  System Architecture 

 

In September of 2007, the prototype A had a basic architecture.  At this 

stage, the system was controlled (Start/Finish) by an interface on a laptop to begin the 

exam and again to conclude. The oximeter and video camera connected to the video 

server and the data packets - text files (.txt) - for oximeter and JPEG images format are 

stored on the video server, for further analysis and consult. (Figure 5) 

After an analysis of the system architecture (Prototype A), it was concluded 

that it was necessary to integrate more components so as to make the Sleep@Home 

more credible and consistent, thus achieving the minimum requirements for a medical 

device Type 3 (Airflow and two channels of respiratory movement. Usually no EEG is 

monitored - Table 1). During this year, dedicated entirely to the project, several literary 

sources and other medical products within the same area of Sleep@Home were 

searched to analyze the strengths and weaknesses for each proposal. The conclusions 

aimed for a more comfortable and more complete possible for OSAS screening. (Figure 

6) 
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Figure 5 – Architecture of Prototype A 

 

 

Figure 6 – Architecture of Prototype B 

 

 

4.2.1 System architecture in modules 

  

The Sleep@Home, as a whole, will have four modules (Figure 7): 

• Acquisition Module – Will be monitoring the biomedical signals, 

image and sound; this part of system will be work on the patient’s 

home. 

• Transmission Module – It makes the connection between the 

module of acquisition and the Database. The data acquired by the 

first, when the monitoring is completed, will be sent to the hospital 

Sleep@Home Box 
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center via ADSL or UMTS/HSDPA, as available. In the inability to use 

these means, the equipment will be returned and the data transfer 

will be made locally in Healthcare Unit. This module contains data 

compression and security processes.  

• Database –The database will store all the data monitored during 

the examinations of sleep. This module will be work in a hospital, as 

the nest module. 

• User Interface – An application will show users stored data in the 

Database. In this module operates a sub-processing module detects 

events that suggest sleep apnea situations. From this module, the 

user can still manage data in the Database. 

 

 The data of the peripherals components are concentrated and 

processed in the Sleep@Home Box. The transmission manages the transfer of data to 

ensure the safety in the process of storage in Database. From the application, 

technicians and doctors can observe the night examination period.   

The prototype B has components that are extremely important for sleep 

apnea detection. The future developments will require the creation a new medical 

device, portable, easy to use and efficient. Therefore, in this chapter, we intend to 

describe the performance of each of its parts will function. All the technical 

requirements needed to have the prototype in conditions will be submitted in several 

validation tests, in clinical environment.  

To describe each of the modules of the prototype B and its components, 

the following points are presented: 
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Figure 7 – Modules of the system Sleep@Home. 

There are several Acquisition Modules (also identified as Sleep@Home Box) distributed by 

patients homes, where the biomedical parameters are monitored. This monitoring is done 

through the Box and has the capacity to acquire, store and compress all data locally monitored 

during the sleep period. After this period, the data is transmitted (Transmission Module) and 

stored remotely in the Database installed on the server network. The user has access to the 

data of signals monitored in the patient’s home, through Interface with features that process 

the data automatically in order to detect clinical events with meaning.  
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� ACQUISITION MODULE 

 

Oximeter 

 

A commercially available Smiths Medical PM 31392B1 Micro Power 

Oximeter Board (Appendix A) was used to collect patient oxygen saturation (%SpO2) 

readings for the new system. The oximeter not only monitors continuous the %SpO2 

but also the heart rate and plethysmographic measurements (important clinical 

signals). 

To monitor the oximetry data, an oximeter and a RS232 input are 

necessary in the Sleep@Home Box. The oximetry routine that runs in the box was 

developed last year. (Figure 8)  

 

Figure 8 - Medical PM 31392B1 Micro Power Oximeter Board (adapted) 

 

The oximeter sends data packets at a 60Hz frequency, but in each packet 

and for each parameter (Figure 9) only some values are valid. As such, the routine has 

been improved in order to detect all valid data in a period of a one second and then it 
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writes to the txt file according to the template on Figure 9. Thus oximetry can be taken 

from the data at an equivalent rate of the oximeters used in the Paediatric Hospital. 

In the case of oximeters, the Central Hospital operates with a transmission 

of some information each three seconds. When these exams were taking place, special 

caution was needed concerning this statistical analysis  

 

  

 

Figure 9 – Template of an oximetry text line. 

Parameters (in order): Date, time, signal beep, plethysmography, mathematical average of the SpO2 

signal SpO2 over a small window of time (, instant SpO2, heart rate, gain of red and gain of infrared. 

 

The option has been to maintain the same oximeter because their routine 

was very efficient in event detection by monitoring SpO2, plethysmography signal and 

heart rate. 

The plethysmographic signal was not monitored last year. According to 

medical opinion, there is a common relation between the occurrence of the arterial 

vasoconstriction state and the activity of the sympathetic nervous system. This is really 

important since before REM sleep stage and the end of the apnea event, there is a 

visible state of vasoconstriction. 

The algorithm of detection for this type of alarm, plethysmographic signal, 

requires a search of mathematical functions in literature. In case of oximetry this 

project, the PAT signal (the same a plethysmographic signal) of the fingertip returns 

this signal at a rate of 60Hz, therefore returning to the original routine of the oximeter. 

 

 

 

YYYY-MM-DD  HH:MM:SS:MMM  Beep, Pleth, Bargraph, AvgSpO2, RealSpO2, HeartRate, Flags RedGain, IRGain 
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Respiratory effort bands 

 

The respiratory effort bands is the new component of prototype B It 

increases the performance and offers more detailed confirmation of clinical events. 

The integration of this new component is based in researched articles and 

several medical opinions. In chapter 3.2.2 Respiratory parameters, it has been 

mentioned that thoracoabdominal movements are an indirect flow measurement in 

which reduction of amplitude and inspiratory curve alteration can be detected.  

Masa et al. (61), present that the potential advantage of thoracoabdominal 

bands over nasal cannula is that the registered signal by the bands is not dependent on 

the patient having to breathe exclusively through the nose. Besides, thoracoabdominal 

bands are already commonly used in PSG to evaluate whether apnea events are 

obstructive or central. Therefore, the thoracoabdominal bands could be used in 

combination with a thermistor or as a complement to other methods that can detect 

apneas or hypopneas, for example nasal cannula. 

The bands chosen are the most commonly used in Healthcare Units. (Figure 

9) 

 

Figure 10 – Respiratory Effort Bands (Appendix B) 
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The connector of the belt (s) connects to the input of PSG recording 

system. In case of the Sleep@Home (Prototype B), it was necessary to implement a 

compatible circuit for the monitored signal amplifier.  

The circuit was elaborated with the help of NI Multisim10® (Appendix C). 

This tool offers simulate simulation of the signal monitored by the bands. The main 

purpose of this simulation is to test the signal before the construction of the circuit in 

PCB, avoiding unnecessary costs if there are errors in the project. There are very PCB 

designers, for example, Altium® designer, OrCAD® and others. 

 

Airflow 

 

In clinical practice, a thermistor is the most used method to detect the 

nasal and oral flow in conventional PSG.  

However, the thermistors have long time responses , the airflow can 

compromise the PSG leading to several false negative and the temperature of the 

exhaled gas is relatively unaffected by changes in the volume exhaled. 

Different methods have tried to identify the respiratory effort-related 

arousal, without esophageal pressure measurement: 

- Alteration in the flow curve obtained by nasal cannula; 

- Alteration in the  flow curve obtained by continuous positive airway 

pressure (CPAP); 

- Pulse transit time; 

- Sum from inductance plethysmography. 

After analysis of various products on the market, it was possible to verify 

that practically all have detection by the airflow.  

This interpretation, with reference to the classification of monitoring 

systems presented by the American Sleep Disorders Association, leads to the following 
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conclusion: the presence of a sensor for monitoring the oral and nasal flow is 

important for the medical community, being a factor of greater accuracy and of 

diagnosis. 

Although this component is not to be a part of the prototype B, an 

acquisition would be of greater value, because it could enhance the product 

Sleep@Home. In future projects, this is an issue to consider. In project future, been 

attention for this. 

 

Video camera 

 

In prototype A, the video camera was analogue and the signal was stored 

in JPEG images format. Choice of this equipment was based on the video surveillance 

system Look@It (a product by ISA).  

To ensure that it’s possible to get images in any light conditions; this video 

camera can get images with good resolution without luminosity, due to its 16 infrared 

leds, and reaches 30 meters (approximately). 

Currently, in the prototype B, it was suggested an implementation of a 

webcam, because it has a good performance, it’s less expensive than one night 

surveillance camera, as used in the system Look@It and also provides a digital format 

of the image that will be compatible with a box already implemented; however, this 

suggestion was discarded because webcam software in the market is constantly 

updating and cannot be guaranteed the same routine in several studies of sleep, 

because the Sleep@Home may be obsolete. 

The video camera to implement in the prototype can be IP or analogue. 

Everything will depend on the costs and capital gains with each. The next chapter it will 

introduce the expenses for components of new prototype. 
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Sound 

 

The audio signal has low precision therefore not a good method to 

guarantee that the child has not OSAS, but the sound, synchronized with video, would 

be very important to help the clinical staff to recognize breathing episodes. 

Several authors, including physicians and sleep studies technicians refer 

sleep as an important diagnosis when associated to another channel, such as a video 

camera. Therefore, it was considered very important to integrate a snoring 

microphone (Detects snoring noise during sleep recordings), which is applied to the 

child’s neck. There are also snoring sensors (Small lightweight detects snoring 

vibrations during diagnostic testing. The sensor is specifically designed to pick up the 

frequency range of snoring vibrations), available in the market. This type of sensor is 

widely used in case studies whether with children or adults to detect snores, asphyxia 

or respiratory efforts, aiding the video images.   

 

 

Figure 11 – Snoring Microphone 
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Figure 12 – Snoring Sensor 

 

Box 

 

The Sleep@Home box is a new concept, implemented to improve the 

performance of the new prototype B. However, it changes the level of programming of 

all components connected to the box: oximeter and video camera, which already 

existed in the prototype, and implementation of new routines for the bands of 

respiratory effort and sound.  

It was a great effort to achieve the goal of making the box with small 

dimensions, conditions for their robust design and easy to transport, compared to the 

characteristics of the previous video server. 

More details about the Sleep@Home are available in the next table.  
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Table 13 – The Sleep@Home box’s main characteristics  

BOX of LexSystem (54) • LIGHT (Appendix D) 

• NEO (Appendix E) 

Both with option: 

      - ADSL Chip: Conexant, ANSI 

T1.413 Issue 2, ITU-T G.992 (G.dmt) 

and G.992.2 (G.lite)  

MOTHERBOARD of LexSystem (55) • CI945C (APPENDIX F) 

(only in NEO, 4 –door RS232, max: 

4Gb, SATA) 

• SI852A (APPENDIX G) 

(only 4 input analogue video, 2-

door RS232, max: 1 Gb, IDE) 

• CV700C (APPENDIX H) 

(4-door RS232, max:1Gb, SATA) 

HARD DRIVE  • HDD 160Gb 2.5’’ 

(can be achieved, approximately 

15 tests in MPEG4 (720x480 

30fps) or 62 tests in JPEG 

(640x480 1 fps)) 

 

In box: 

 

 Figure 13 – Architecture logical of Sleep@Home Box  
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Figure 14 – Sleep@Home Box and oximeter. (Jun 2008) 

  

 Figure 15-Components of Sleep@Home (Jun 2008)  

 

 

• Selection of images 

 

The objective is to only acquire images of events with clinical interest. 

Thus, an algorithm was created in order to record an image only in the presence of 

several factors: 

- Low saturation  detected by the oximeter (below 92% - this limit is alterable in 

order to trigger a detection at other percentages); 

- Movement detection by the camera; 

- Sound detection (snore) 
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- Curve changes in the respiratory flow 

- Curve changes in the respiratory bands (abdominal and thoracic) 

These last two factors have not yet been integrated (as the algorithm has not 

yet been developed). They are a part of the future development proposal.  

As long as one “alarm” from these factors occurs, the camera will start, if 

not started before. 

 

• Data Compression 

Image compression algorithms were developed, to shorten the storage 

space and to enable data upload via UMTS/HSPDA. 

The sound is independent from the image, being compressed in mp3 

format. 

These are all real-time processings. 

After the sleep test, there is a final compression of all data. 

 

• Data Transmission  

After final compression, data will be sent through ADSL, UMTS ou local 

network at the hospital (This procedure is still undergoing tests) 

 

� TRANSMISSION MODULE 

  

There has to be a Web Service at the hospital. This Web Service consists in 

a routine that assures security in the data insertion process into the database, when 

it’s being remotely transmitted by a http protocol. This is the only link between the 
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patient’s home and the hospital, being a unidirectional communication (from the 

patient’s home to the hospital).  

For the remote data transmission, a communication protocol has been 

created between the box and the Web Service in order to assure that the images are 

only deleted in the box after data reception confirmation. 

 

� DATABASE 

 

The database stores the data sent by the Web Service. It stores all the 

patients’ data as well as all users (physicians and technicians) which can include 

comments to the several testing and proceed the data analysis. 

 

� INTERFACE 

The application, developed in Visual C+ on .NET platform, has suffered 

several changes since the previous application developed in the 2006/2007 project. In 

this new application, the new components are already considered and presented. 

 

 

4.3  Sleep@Home - 3 versions proposed 

 

From the first contact with prototype A, in September of 2007, and from 

meetings with physicians and technicians, new ideas came up and we moved toward a 

prototype B. 

This chapter proposes the Sleep@Home as product able to adapt itself to 

the various cases of suspicion of obstructive sleep apnea. According to the severity of 
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the symptoms presented in the clinical history (history and physical examination), the 

physician can choose from one of three versions: 

 

Table 14 –Sleep@Home Versions 

LIGHT VERSION STANDARD VERSION ADVANCED VERSION 

• Oximeter: 

- % SpO2 

- Heart rate 

- PAT 

 

 

 

• Video Signal 

 

• Oximeter: 

- % SpO2 

- Heart rate 

- PAT  

• Thermistor 

• Respiratory effort 

bands 

 

 

• Video Signal 

• Sound 

 

• Oximeter: 

- % SpO2 

- Heart rate 

- PAT  

• Thermistor 

• Respiratory effort 

bands 

 

 

• Video Signal 

• Sound 

 

• Alarms 

• Portable screen 

• Pajama  

Type 4 Type 3 Type 3 
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The Light version presents a Type 4 solution that monitors the less precise 

cases in sleep disorders. It’s a very simple system, with the prototype A features. 

The Standard version is a Type 3 solution, that assures some accuracy in 

the results, as the selected channels record four bio signs: %SpO2, heart rate, airflow 

and abdominal and thoracic respiratory effort bands. 

Lastly, there is a more complete version, regarding the monitoring level to 

which the parents have access, called Advanced version. This version contains a 

portable screen portable within a limited radius, in which it is possible to visually 

monitor the child sleeping. Various alarms are triggered when unsual events are 

detected or rather different sounds (from a normal night sleep), such as asphyxia or 

agitated awakenings. 

The idea for a pajama for this version was analised and considered a 

desirable requisite, in case the system is wired-based, since these would go through 

the suture, and therefore not bothering the child during monitoring. After considering 

Drª Helena Estevão opinion on the matter, it was concluded that a pajama gives the 

advantage of not presenting to the child the visual idea of the amount of wires in 

contact with his body. Nevertheless, a gown would suffice as long as it can be easily 

dressed or undressed without moving or disconnecting any sensor, allowing the exam 

to continue without the child waking up. 
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“Infant blood 
Nº Patente:
Data 
Descrição:
detecção da saturação arterial de oxigénio e da frequência cardíaca. O dispositivo comunica 
com um pequeno monitor via rádio onde são mostradas as leituras relativas à frequência 
cardíaca e saturação de oxigénio. O monitor soa um alarme se estes valores forem inferiores 
aos predeterminados.  
 
URL: 
http://www.google.com/patents?id=vUYEAAAAEBAJ&printsec=drawing&zoom=4&dq=sleep+ap
nea+device%2B+oximeter%2Bcamera#PPA1,M1
 

 

 “Apparatus and method for diagnosing sleep apnea”
Nº Patente:
Data Patente:
Descrição:
respiração durante o sono. Baseia
 
URL: 
http://www.google.com/patents?id=PMN
de 2008
 

 

“ Method for providing a remote diagnostic
Application number:
Data Patente:
Descrição:
um oxímetro de pulso, no entanto pode integrar outros sinais como o ECG, pletismografia ou 
sensores acelerómetricos para a detecção da postu
 
URL:
http://www.google.com/patents?id=U5GbAAAAEBAJ&printsec=abstract&zoom=4&
nea+device%2B+oximeter%2Bcamera%2Bportable
 

 

                                        
3 

This work has made in collaboration with Vânia Almeida. 

 

APPENDIX 

Pesquisa de patentes relacionadas com o Sleep@Home

“Infant blood oxygen monitor and SIDS warning devices”
Nº Patente: 6047201
Data Publicação Patente:
Descrição: O aparelho é composto por um oxímetro colocado no pé dos bebés com vista à 
detecção da saturação arterial de oxigénio e da frequência cardíaca. O dispositivo comunica 
com um pequeno monitor via rádio onde são mostradas as leituras relativas à frequência 
ardíaca e saturação de oxigénio. O monitor soa um alarme se estes valores forem inferiores 

aos predeterminados.  

URL: 
http://www.google.com/patents?id=vUYEAAAAEBAJ&printsec=drawing&zoom=4&dq=sleep+ap
nea+device%2B+oximeter%2Bcamera#PPA1,M1

“Apparatus and method for diagnosing sleep apnea”
Nº Patente: 7169110
Data Patente: Jan 30, 2007
Descrição: Aparelho para diagnosticar a apneia do sono detectando a cessação temporária da 
respiração durante o sono. Baseia

URL:  
http://www.google.com/patents?id=PMN
de 2008 

Method for providing a remote diagnostic
Application number:
Data Patente: Abril 6, 2006
Descrição: Permite a monitorização remota do doente em casa. Funciona com uma câmara e 
um oxímetro de pulso, no entanto pode integrar outros sinais como o ECG, pletismografia ou 
sensores acelerómetricos para a detecção da postu

URL: 
http://www.google.com/patents?id=U5GbAAAAEBAJ&printsec=abstract&zoom=4&
nea+device%2B+oximeter%2Bcamera%2Bportable
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Pesquisa de patentes relacionadas com o Sleep@Home

oxygen monitor and SIDS warning devices”
6047201 

Patente: Abril 4, 2000
O aparelho é composto por um oxímetro colocado no pé dos bebés com vista à 

detecção da saturação arterial de oxigénio e da frequência cardíaca. O dispositivo comunica 
com um pequeno monitor via rádio onde são mostradas as leituras relativas à frequência 
ardíaca e saturação de oxigénio. O monitor soa um alarme se estes valores forem inferiores 

aos predeterminados.   

http://www.google.com/patents?id=vUYEAAAAEBAJ&printsec=drawing&zoom=4&dq=sleep+ap
nea+device%2B+oximeter%2Bcamera#PPA1,M1

“Apparatus and method for diagnosing sleep apnea”
7169110 

Jan 30, 2007 
Aparelho para diagnosticar a apneia do sono detectando a cessação temporária da 

respiração durante o sono. Baseia

http://www.google.com/patents?id=PMN

Method for providing a remote diagnostic
Application number: 10/951,713

Abril 6, 2006 
Permite a monitorização remota do doente em casa. Funciona com uma câmara e 

um oxímetro de pulso, no entanto pode integrar outros sinais como o ECG, pletismografia ou 
sensores acelerómetricos para a detecção da postu

http://www.google.com/patents?id=U5GbAAAAEBAJ&printsec=abstract&zoom=4&
nea+device%2B+oximeter%2Bcamera%2Bportable
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Pesquisa de patentes relacionadas com o Sleep@Home

oxygen monitor and SIDS warning devices”

Abril 4, 2000 
O aparelho é composto por um oxímetro colocado no pé dos bebés com vista à 

detecção da saturação arterial de oxigénio e da frequência cardíaca. O dispositivo comunica 
com um pequeno monitor via rádio onde são mostradas as leituras relativas à frequência 
ardíaca e saturação de oxigénio. O monitor soa um alarme se estes valores forem inferiores 

http://www.google.com/patents?id=vUYEAAAAEBAJ&printsec=drawing&zoom=4&dq=sleep+ap
nea+device%2B+oximeter%2Bcamera#PPA1,M1

“Apparatus and method for diagnosing sleep apnea”

Aparelho para diagnosticar a apneia do sono detectando a cessação temporária da 
respiração durante o sono. Baseia-se nos princípios da oximetria de pulso.

http://www.google.com/patents?id=PMN-AAAAEBAJ&printsec=abstract&zoom=4

Method for providing a remote diagnostic
10/951,713 

Permite a monitorização remota do doente em casa. Funciona com uma câmara e 
um oxímetro de pulso, no entanto pode integrar outros sinais como o ECG, pletismografia ou 
sensores acelerómetricos para a detecção da postu

http://www.google.com/patents?id=U5GbAAAAEBAJ&printsec=abstract&zoom=4&
nea+device%2B+oximeter%2Bcamera%2Bportable
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Pesquisa de patentes relacionadas com o Sleep@Home

oxygen monitor and SIDS warning devices”

O aparelho é composto por um oxímetro colocado no pé dos bebés com vista à 
detecção da saturação arterial de oxigénio e da frequência cardíaca. O dispositivo comunica 
com um pequeno monitor via rádio onde são mostradas as leituras relativas à frequência 
ardíaca e saturação de oxigénio. O monitor soa um alarme se estes valores forem inferiores 

http://www.google.com/patents?id=vUYEAAAAEBAJ&printsec=drawing&zoom=4&dq=sleep+ap
nea+device%2B+oximeter%2Bcamera#PPA1,M1, 22 

“Apparatus and method for diagnosing sleep apnea”

Aparelho para diagnosticar a apneia do sono detectando a cessação temporária da 
se nos princípios da oximetria de pulso.

AAAAEBAJ&printsec=abstract&zoom=4

Method for providing a remote diagnostic ” 

Permite a monitorização remota do doente em casa. Funciona com uma câmara e 
um oxímetro de pulso, no entanto pode integrar outros sinais como o ECG, pletismografia ou 
sensores acelerómetricos para a detecção da postura e movimento.

http://www.google.com/patents?id=U5GbAAAAEBAJ&printsec=abstract&zoom=4&
nea+device%2B+oximeter%2Bcamera%2Bportable, 22 de 

This work has made in collaboration with Vânia Almeida.  

Pesquisa de patentes relacionadas com o Sleep@Home

oxygen monitor and SIDS warning devices”  

O aparelho é composto por um oxímetro colocado no pé dos bebés com vista à 
detecção da saturação arterial de oxigénio e da frequência cardíaca. O dispositivo comunica 
com um pequeno monitor via rádio onde são mostradas as leituras relativas à frequência 
ardíaca e saturação de oxigénio. O monitor soa um alarme se estes valores forem inferiores 

http://www.google.com/patents?id=vUYEAAAAEBAJ&printsec=drawing&zoom=4&dq=sleep+ap
 de Agosto de 2008 

“Apparatus and method for diagnosing sleep apnea”  

Aparelho para diagnosticar a apneia do sono detectando a cessação temporária da 
se nos princípios da oximetria de pulso.

AAAAEBAJ&printsec=abstract&zoom=4

Permite a monitorização remota do doente em casa. Funciona com uma câmara e 
um oxímetro de pulso, no entanto pode integrar outros sinais como o ECG, pletismografia ou 

ra e movimento.

http://www.google.com/patents?id=U5GbAAAAEBAJ&printsec=abstract&zoom=4&
, 22 de Agosto de 2008

 

Pesquisa de patentes relacionadas com o Sleep@Home

O aparelho é composto por um oxímetro colocado no pé dos bebés com vista à 
detecção da saturação arterial de oxigénio e da frequência cardíaca. O dispositivo comunica 
com um pequeno monitor via rádio onde são mostradas as leituras relativas à frequência 
ardíaca e saturação de oxigénio. O monitor soa um alarme se estes valores forem inferiores 

http://www.google.com/patents?id=vUYEAAAAEBAJ&printsec=drawing&zoom=4&dq=sleep+ap
de Agosto de 2008  

Aparelho para diagnosticar a apneia do sono detectando a cessação temporária da 
se nos princípios da oximetria de pulso. 

AAAAEBAJ&printsec=abstract&zoom=4

Permite a monitorização remota do doente em casa. Funciona com uma câmara e 
um oxímetro de pulso, no entanto pode integrar outros sinais como o ECG, pletismografia ou 

ra e movimento. 

http://www.google.com/patents?id=U5GbAAAAEBAJ&printsec=abstract&zoom=4&
Agosto de 2008 
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O aparelho é composto por um oxímetro colocado no pé dos bebés com vista à 
detecção da saturação arterial de oxigénio e da frequência cardíaca. O dispositivo comunica 
com um pequeno monitor via rádio onde são mostradas as leituras relativas à frequência 
ardíaca e saturação de oxigénio. O monitor soa um alarme se estes valores forem inferiores 

http://www.google.com/patents?id=vUYEAAAAEBAJ&printsec=drawing&zoom=4&dq=sleep+ap

Aparelho para diagnosticar a apneia do sono detectando a cessação temporária da 

AAAAEBAJ&printsec=abstract&zoom=4, 22 de Agosto 

Permite a monitorização remota do doente em casa. Funciona com uma câmara e 
um oxímetro de pulso, no entanto pode integrar outros sinais como o ECG, pletismografia ou 

http://www.google.com/patents?id=U5GbAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep+ap
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O aparelho é composto por um oxímetro colocado no pé dos bebés com vista à 
detecção da saturação arterial de oxigénio e da frequência cardíaca. O dispositivo comunica 

ardíaca e saturação de oxigénio. O monitor soa um alarme se estes valores forem inferiores 

http://www.google.com/patents?id=vUYEAAAAEBAJ&printsec=drawing&zoom=4&dq=sleep+ap

Aparelho para diagnosticar a apneia do sono detectando a cessação temporária da 

, 22 de Agosto 

Permite a monitorização remota do doente em casa. Funciona com uma câmara e 
um oxímetro de pulso, no entanto pode integrar outros sinais como o ECG, pletismografia ou 

dq=sleep+ap



 

 

 

 

“ Sleep apnea screening and/or detecting apparatus and method
Nº Patente:
Data Patente:
Descrição:
com base em sons respiratórios capturados por dois microfones. 
URL: 
http://www.google.com/patents?id=sm4mAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory#PPA15,M1
 

 

“ Apparatus for detecting sleep apnea using 
Nº Patente:
Data Patente:
Descrição:
electrocardiograma (análise intervalos RR) e com derivação do sinal respiratório. 
URL:
http://www.google.com/patents?id=c3V3AAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory
 

 

“Portable integrated physiological monitoring system”
Nº Patente:
Data Patente:
Descrição:
de pulso, estetoscópio, sensores de temperatura, sensores de fluxo respiratório. Todos os 
sensores estão ligados a um computador portátil.
URL:
http://www.google.com/patents?id=TogDAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory
 

 

“Ambulatory patient health monitoring techniques utilizing interactive visual 
communications”
Nº Patente:
Data Patente:
Descrição:
equipamentos e uma câ
com o AAL pode ser utilizado em aplicações específicas como o de diagnóstico de doentes 
com síndrome de apneia do sono.
URL:
http://www.google.com/patents?id=pnkoAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory#PPA1,M1
 

 

 

Sleep apnea screening and/or detecting apparatus and method
Nº Patente: 5797852
Data Patente: Agosto 25, 1998
Descrição: Aparelho portátil para uso na cama do paciente. Usado para detecção de apneias 
com base em sons respiratórios capturados por dois microfones. 
URL: 
http://www.google.com/patents?id=sm4mAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory#PPA15,M1

 

Apparatus for detecting sleep apnea using 
Nº Patente: 7025729
Data Patente: Abril 11, 2006
Descrição: Sistema permite o diagnóstico de apneia de sono com base num sinal de 
electrocardiograma (análise intervalos RR) e com derivação do sinal respiratório. 
URL: 
http://www.google.com/patents?id=c3V3AAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory

“Portable integrated physiological monitoring system”
Nº Patente: 6083156
Data Patente: Julho 4, 2000
Descrição: Com vista ao uso em ambulatório integra diversos sensores, EEC, ECG, oxímetro 
de pulso, estetoscópio, sensores de temperatura, sensores de fluxo respiratório. Todos os 
sensores estão ligados a um computador portátil.
URL: 
http://www.google.com/patents?id=TogDAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory

“Ambulatory patient health monitoring techniques utilizing interactive visual 
communications”
Nº Patente: 5544649
Data Patente: Agosto 13, 1996
Descrição: Sistema de monitorização em casa que consiste num sistema que integra vários 
equipamentos e uma câ
com o AAL pode ser utilizado em aplicações específicas como o de diagnóstico de doentes 
com síndrome de apneia do sono.
URL: 
http://www.google.com/patents?id=pnkoAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory#PPA1,M1

 

Sleep apnea screening and/or detecting apparatus and method
5797852 

Agosto 25, 1998
Aparelho portátil para uso na cama do paciente. Usado para detecção de apneias 

com base em sons respiratórios capturados por dois microfones. 

http://www.google.com/patents?id=sm4mAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory#PPA15,M1

Apparatus for detecting sleep apnea using 
7025729 

Abril 11, 2006 
Sistema permite o diagnóstico de apneia de sono com base num sinal de 

electrocardiograma (análise intervalos RR) e com derivação do sinal respiratório. 

http://www.google.com/patents?id=c3V3AAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory

“Portable integrated physiological monitoring system”
6083156 

Julho 4, 2000 
Com vista ao uso em ambulatório integra diversos sensores, EEC, ECG, oxímetro 

de pulso, estetoscópio, sensores de temperatura, sensores de fluxo respiratório. Todos os 
sensores estão ligados a um computador portátil.

http://www.google.com/patents?id=TogDAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory

“Ambulatory patient health monitoring techniques utilizing interactive visual 
communications” 

5544649 
Agosto 13, 1996

Sistema de monitorização em casa que consiste num sistema que integra vários 
equipamentos e uma câmara que permite a monitorização diária. Embora mais relacionado 
com o AAL pode ser utilizado em aplicações específicas como o de diagnóstico de doentes 
com síndrome de apneia do sono.

http://www.google.com/patents?id=pnkoAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory#PPA1,M1

 

Sleep apnea screening and/or detecting apparatus and method

Agosto 25, 1998 
Aparelho portátil para uso na cama do paciente. Usado para detecção de apneias 

com base em sons respiratórios capturados por dois microfones. 

http://www.google.com/patents?id=sm4mAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory#PPA15,M1

Apparatus for detecting sleep apnea using 

 
Sistema permite o diagnóstico de apneia de sono com base num sinal de 

electrocardiograma (análise intervalos RR) e com derivação do sinal respiratório. 

http://www.google.com/patents?id=c3V3AAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory

“Portable integrated physiological monitoring system”

Com vista ao uso em ambulatório integra diversos sensores, EEC, ECG, oxímetro 
de pulso, estetoscópio, sensores de temperatura, sensores de fluxo respiratório. Todos os 
sensores estão ligados a um computador portátil.

http://www.google.com/patents?id=TogDAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory

“Ambulatory patient health monitoring techniques utilizing interactive visual 

Agosto 13, 1996 
Sistema de monitorização em casa que consiste num sistema que integra vários 

mara que permite a monitorização diária. Embora mais relacionado 
com o AAL pode ser utilizado em aplicações específicas como o de diagnóstico de doentes 
com síndrome de apneia do sono. 

http://www.google.com/patents?id=pnkoAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory#PPA1,M1

 

Sleep apnea screening and/or detecting apparatus and method

Aparelho portátil para uso na cama do paciente. Usado para detecção de apneias 
com base em sons respiratórios capturados por dois microfones. 

http://www.google.com/patents?id=sm4mAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory#PPA15,M1

Apparatus for detecting sleep apnea using electrocardiogram signals

Sistema permite o diagnóstico de apneia de sono com base num sinal de 
electrocardiograma (análise intervalos RR) e com derivação do sinal respiratório. 

http://www.google.com/patents?id=c3V3AAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory, 22 de 

“Portable integrated physiological monitoring system”

Com vista ao uso em ambulatório integra diversos sensores, EEC, ECG, oxímetro 
de pulso, estetoscópio, sensores de temperatura, sensores de fluxo respiratório. Todos os 
sensores estão ligados a um computador portátil. 

http://www.google.com/patents?id=TogDAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory, 22 de Agosto de 2008

“Ambulatory patient health monitoring techniques utilizing interactive visual 

Sistema de monitorização em casa que consiste num sistema que integra vários 
mara que permite a monitorização diária. Embora mais relacionado 

com o AAL pode ser utilizado em aplicações específicas como o de diagnóstico de doentes 

http://www.google.com/patents?id=pnkoAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory#PPA1,M1

Sleep apnea screening and/or detecting apparatus and method

Aparelho portátil para uso na cama do paciente. Usado para detecção de apneias 
com base em sons respiratórios capturados por dois microfones.  

http://www.google.com/patents?id=sm4mAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory#PPA15,M1, 22 de Agosto de 2008

electrocardiogram signals

Sistema permite o diagnóstico de apneia de sono com base num sinal de 
electrocardiograma (análise intervalos RR) e com derivação do sinal respiratório. 

http://www.google.com/patents?id=c3V3AAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
, 22 de Agosto de 2008

“Portable integrated physiological monitoring system”  

Com vista ao uso em ambulatório integra diversos sensores, EEC, ECG, oxímetro 
de pulso, estetoscópio, sensores de temperatura, sensores de fluxo respiratório. Todos os 
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Abstract 

 

 

 Obstructive sleep apnea is nowadays as respiratory disorder with serious 

consequences that affect people’s life quality. The percentage of cases in children in 

pre-school age is around 1-3%. 

 Polissomnography (PSG) is currently the most common technique for sleep 

study, during an entire night , where countless vital signs are continuously monitored.  

The short number of pediatric hospital with this kind of testing, its complexity and 

elevated costs, lead to the development of new devices. 

 Sleep@Home is an innovative and non-invasive system, with which 

children can be monitored from their homes and the signal feed is remotely uploaded 

to a health unit where the data can consulted. The purpose of this system is not to 

replace the PSG but rather be a less awkward tracing device fro children. To reach this 

goal, it is necessary to carry out more clinical tests in order to validate the system. 

 

 

Key-words (Theme): Obstructive sleep apnea syndrome, oxygen saturation, heart rate, home 

monitoring, diagnosis support, childhood. 

Key-words (Technologies): Oximeter, video camera, respiratory effort bands, sound.
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Resumo 

 

 

 A apneia obstrutiva do sono é nos dias de hoje um distúrbio respiratório 

com consequências graves que afectam a qualidade de vida das pessoas. A 

percentagem de casos em crianças de idade pré-escolar é de cerca de 1-3%. 

 A Polissonografia é actualmente a técnica mais utilizada para o estudo do 

sono, durante uma noite completa num hospital, em que inúmeros sinais vitais da 

criança estão continuamente a ser monitorizados. O reduzido número de hospitais 

pediátricos com este tipo de exame, a sua complexidade e custos elevados, promovem 

o desenvolvimento de novos dispositivos. 

 O Sleep@Home é um sistema inovador e não invasivo, em que as crianças 

podem ser monitorizadas a partir de suas casas, e a aquisição dos sinais é transmitida 

remotamente para a unidade de saúde onde os dados podem ser consultados. O 

objectivo deste sistema não é substituir a PSG, mas ser utilizado como um dispositivo 

de rastreio menos estranho para as crianças. Para isso é necessária a realização de 

mais testes clínicos a fim de validar o sistema. 

  

  

Palavras-chave (Tema): Síndrome da Apneia Obstrutiva do Sono, saturação de oxigénio, 

frequência cardíaca, monitorização no domicílio, apoio ao diagnóstico, crianças. 

Palavras-chave (Tecnologias): Oxímetro, câmara de vídeo, bandas de esforço respiratório, 

microfone. 
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3. TECHNICAL REVIEW 

 

More and more studies in this century, demonstrated the most importance of 

sleep apnea diagnose in children. This chapter analyzes some types of sensors/methods in the 

market. 

 

 

3.1  Literature Review 

 

The classification of the recording technology used for the diagnosis of 

sleep-related breathing disorders, proposed for the American Sleep Disorders 

Association (15) about different monitors used in diagnostic for sleep apnea, can be 

represented in: 

 

Table 3 – Types of sleep-study monitoring devices 

Type 1 

• Minimum 8 channels 

• Is considered the gold 

standard in-laboratory 

EEG, EOG, ECG, EMG, airflow, respiratory 

effort, SpO2, body position 

Type 2 • Minimum 7 channels 
EEG, EOG, chin EMG, ECG or heart rate, 

airflow, respiratory effort and SpO2 

Type 3 • Minimum 4 channels Airflow and two channels of respiratory 

movement. Usually no EEG is monitored. 

Type 4 • 1 or 2 channels SpO2 or airflow. 
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The Polysomnography (PSG), the gold standard technology for diagnosing 

OSAS, is defined a Type 1 and the portable monitors are classified for three types (2, 3 

and 4). 

Increased investigation in sleep studies, simultaneously with PSG 

limitations, triggered the search of alternative methods of diagnosis, not only simpler 

and economic but also performable in a family environment.  

Interest and development of these alternative methods have been 

growing, mainly at the portable monitoring level. Recently, new devices have been 

developed capable of monitoring the sleep, the nocturnal breathing and oxygenation 

of the blood in patients at home. Likewise, more sophisticated equipment was also 

developed in order to enable the study (at home) equivalent to PSG in the laboratory. 

The alternative methods, although they are not a complete means of 

diagnosis, may be useful in screening or in preliminary studies, in cases where there 

are not necessary resources to carry out the PSG. 

A more attractive alternative to in laboratory testing is to evaluate children 

in their homes. In your ambience, the sleep is natural and feelings better. 

 The recent literature review, it is analysed the different portal devices in 

market and some applications in sleep centers. The number of signal monitored 

(channels) and the conclusions of sensibility/specificity tests are very important for the 

study validates and sleep disorders diagnosis. 
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- System upgrade to any system of PSG 

CleveMed, suitable for home monitoring 

- System with 14 channels (EEG, EOG, chest 

and abdominal respiration effort, pulse 

oximetry, airflow, snore, body position, ECG, 

EMG) 

Table 4 – SleepScout™(16) 

SleepScout
™ 

(CleveMed) 

7 channels  

- Pulse oximetry 

- Airflow 

- Snore 

- Thoracic and Abdominal Effort 

- Body Position 

- Thermistor or Blood pressure 

2 additional channels 

- ECG/EMG or EEG/ECG 

 

Table 5 – PSG@Home™(17) (18) 

PSG@Home
™

  

(CleveMed)  

 

 

 

 

 

 

Table 6 - RUSleeping™ RTS Screener for Apneic Events(19) 

RUSleeping™ RTS Screener for Apneic Events 

(Respironics) 

1 channel 

- Nasal cannula 
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Table 7 – Stardust®(20) 

Stardust
®
 - Sleep Recorder 

5 channels 

- Airflow sensor 

- Effort sensor 

- Oximeter 

- Body position monitor 

- Patient event monitor 

 

Table 8 - SleepStrip®(21) 

SleepStrip® Disposable Sleep Apnea Sensor 

1 channel 

- Oral and nasal airflow sensor 

 

Table 9 – LifeScreen Apnea® (22) 

LifeScreen Apnea® 

Holter Oximetry Apnoea Assessment® 

2 channels 

- 3 sensors of ECG 

- Oximeter 

 

Table 10 - ApneaLink™(23) 

ApneaLink™ 

(ResMed) 

3 channels 

- Oximeter 

- Airflow 

- Snore 
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Table 11 – NovaSom QSG™ (24)(25) 

NovaSom QSG™ 

5 channels 

- Oximeter (finger oximeter) 

- Airflow 

- Respiration effort 

 

 

Table 12 - Embletta™(26)(27) 

Embletta™ 

7 channels 

- Nasal cannula 

- Oral thermistor 

- Abdominal and chest movement 

- Oximeter 

- Body position and activity sensor 

- Snore 

 

The new technologies present in tables 4-12(for patent information, please 

consult Appendix I) do not replace the PSG. There is a need to establish development 

priorities for home screening and simple-diagnosis. It is not necessary to displace 

children (or adults) to a laboratory for studies of sleep, often distant from home. Is 

important refer that the nine devices mentioned in this chapter (tables) similar to the 

Sleep@Home. They were chosen because they provide portable monitoring in 

patients’ home of, reducing the number of children submitted to a study in the sleep 

laboratory at a clinic or a hospital. 
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A report by the American Sleep Disorders Association and American 

Thoracic Society, demonstrated that home tests for the screening of OSAS should be a 

Type 3 or lower (Type 2) (15).  Type 4 (1 or 2 channels) has a good performance, but 

was given a low evidence rating.  

The several conclusions of the different products studies indicate that only 

the clinical use of Type 2 portable monitors in either attended or unattended settings 

and some Type 3 monitors seemed to be potentially acceptable in the attended 

laboratory setting, but with some limitations. 

These conclusions has also provided us (team project) will and strength to 

do better and to develop a simple, portable and efficient device. 

 

3.2  Signals used for detecting events 

 

This research assessed the performance and high-fidelity of signal 

monitoring by the different systems in detecting OSAS symptoms. 

To start it is very important to distinguish between the terms “signal” and 

“channel”. In a system of diagnosis of sleep disorders, there are different channels that 

collect the various signals which will then be analysed. It is possible that a channel 

collects more than one signal. For example, an oximeter, usually detects the heart rate, 

the saturation of oxygen, among others, but it is a single channel. 

One of the objectives of this project was to understand what are the most 

important signals for a diagnosis similar to the PSG, so as to reduce the costs and the 

other less attractive aspects of PSG, but always ensuring a proper screening of OSAS. 
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3.2.1 Oximeter 

 

In sleep medicine, the pulse oximetry has as important role in the 

interpretation of PSG, but has lost status as the sole parameter for diagnosis of 

respiratory sleep disorders. In recent years, it has been discussed about the 

effectiveness of digital nocturnal oximetry as a tool for screening, to identify patients 

with respiratory sleep disorders. The need to reduce the cost for diagnostic procedures 

in sleep disorders has increased, while technological advances have developed 

portable pulse oximeter , reliable and of low cost (28). 

Oximetry is a part of PSG and it is used to measure the oxygen 

dessaturation (SpO2) and rate. It has been an essential tool in sleep medicine as it 

detects the rapid fluctuations in arterial oxygen saturation during sleep, which is a 

characteristic of sleep apnea patients. Thus it allows the early detection of respiratory 

disorders. 

In the majority of oximeters it is possible to detect the heart rate (number 

of heart beats per unit of time). 

Through pulse oximetry systems based on absorption of light by the blood 

on fingertip (same systems that measure oxygen saturation in the blood), we are able 

to get on a non-invasive plethysmographic signal. This signal represents the volume of 

arterial blood continuously (peripheral arterial tone - PAT) and presents a cyclical 

pattern due to the sync with the heart rate, to measure the pulse. Volume of arterial 

blood depends on blood pressure and also the degree of contractility of the arteries. 

Thus, the volume of blood to light absorption by the system of oximetry reflects on the 

recording of the plethysmographic signal (29). 

The contraction of the muscles and the relaxing the arteries walls are 

controlled, among other mechanisms, by the autonomous nervous system that 

determines muscle tone. Depending mainly on the action of the sympathetic nervous 
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system or the parasympathetic nervous system the arteries will contract 

(vasoconstriction) or dilate (vasodilatation) respectively (30).  

An event of apnea is associated with increased activity of the sympathetic 

nervous system. This activity, leading to vasoconstriction, is reflected in the 

plethysmographic signal as a reduction of the fluctuations size whose detection may 

be useful in identifying apneas. 

Many PSG systems and some investigators use this signal for detecting 

apneas and hypopneas.   

The study of the recognition of apnea events in children were based only 

on a plethysmographic signal as cited in the work of Gil E. et al. (31)(32). These authors 

have developed a method where the apnea events to detect are those longer than 3 

seconds in which the magnitude of the signal is less than 33% of the normal range, 

referring to the previous cycles to the apnea event.  

The method uses an algorithm that compares the decision to 

plethysmographic signal modified with a limit value. The method was applied to 

simulated signals and real signals and, in the both cases, the results suggest that the 

physiological plethysmographic signal contains information that may be useful in 

various fields of medicine, including on studies of sleep disorders since it provides 

information on the activity of the sympathetic nervous system (33).  

Another author (Schnall et al. (34)) explains in his article that pulsatile 

finger blood flow patterns can be evidently diagnostic of OSAS and other settings of 

sleep disorders breathing. 

The additional value of this type of diagnosis is the rapid efficiency and, in 

many cases, quickly followed by treatment Figure 2. In other, words, children do not 

have to go to long waiting queues for a test of PSG, in the few laboratories adapted to 

pediatric situations.  
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Figure 2 – Diagram of overnight pulse oximetry to screen for sleep disordered. 

 ODI: Oxygen Dessaturation Index (oxygen dessaturation per hour of sleep) – Adapted (35) 

 

3.2.2 Respiratory parameters 

 

The respiratory measures can be classified as direct, such as 

pneumotachograph to evaluate direct airflow; or indirect measures, using respiratory 

effort to estimate changes in airflow in the upper airways. 

 

• Direct measures 

The standard method for quantifying and identifying airflow during sleep is 

the pneumotachograph, but it is not usual in detection of apnea of sleep, because it is 

uncomfortable and can disrupt sleep.(36) 

The nasal cannula is connected to a specific pressure transducer that is a 

piezoelectric sensor (crystal). This crystal estimates the changes in air pressure, into 

the nostrils. During the inspiration, the air pressure is negative regarding atmospheric 

pressure and during expiration the pressure is positive, usually know as the 

fluctuations of nasal pressure.(37) 
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The extent of these changes in pressure can be used as qualitative and 

quantitative estimate of airflow in the upper airways. 

The evaluation of the shape of the curve or airflow, usually sinusoidal, has 

also been used in assessing breathing. 

It is a more sensitive and specific technique than a thermistor record of 

hypopnea awakenings and related increased in respiratory effort. The nasal cannula is 

not invasive, tolerated without difficulties and has been regarded as the best 

technology available for non-invasive monitoring of breathing during sleep, does not 

require calibrations for use. 

The thermistors and thermocouple transducers are sensitive to changes in 

air temperature. The electrical resistance of the resistor changes in accordance to 

changes in air temperature during the respiratory cycle. The higher temperature of 

breath warms the sensor increasing the resistance and the flow inspiration cools the 

sensor, causing a decrease in resistance in thermistor or voltage in the thermocouple. 

These sensors do not produce a quantitative and real measure of the 

volume of air that enters or outs the nostrils and mouth, but only an indirect and 

qualitative measure of the airflow, or whether there is respiration (airflow). 

The waveform signal is generated by the nasal cannula detecting the 

fluctuations in pressure caused by inspiration and expiration. These fluctuations 

(inspiratory and expiratory) give different signals recorded from a thermocouple or 

thermistor. These signals are proportional to the flow. There is a theoretical possibility 

that applies a linearization of the pressure signal from taking its square root, but this 

has little influence in the shape of signal in most cases. 

 These sensors are susceptible to detection of obstructive sleep apnea and 

central sleep apnea but, unlike the nasal cannula, they are not sensitive enough to 

detect hypopnea as. This technique was widely used in the past due to lack of better 

techniques. Today, it has been replaced in most clinical laboratories and research by 

nasal cannula. (36) 



  CHAPTER 3 – TECHNICAL REVIEW 

 

19 

 

 

• Indirect measures 

There are several methods of registering the respiratory effort during sleep 

such as the record the movements of expansion-retraction of the chest and abdomen, 

the diaphragmatic muscular activity or variations in esophageal swing pressure. 

Measures of respiratory effort are very useful in assessing breathing, 

especially during periods of increased resistance of the upper airways, where the 

respiratory effort increases to continue adequate ventilation. 

The measure of respiratory effort is essential to differentiate the central 

sleep apnea and obstructive sleep apnea. In central events there will not be respiratory 

effort, while during the obstructive event the respiration effort remains. 

In some cases, the patients have signals and symptoms that propose 

obstruction of the upper airway, but the PSG made in sleep laboratory does not 

present many apneas and hypopneas to give a sleep apnea diagnosis . The esophageal 

pressure swing or just, esophageal pressure (PES) is the monitoring gold standard for 

determining the quantitative and qualitative respiratory effort and repetitive, gradual 

increases in negative intrathoracic pressures, during sleep.(38)  

This process uses a flexible catheter and a pressure transducer of 

piezoelectric crystal. The catheter is flexible and of small diameter, with an inflatable 

balloon at the bottom, known as esophageal balloon. The balloon, inflated with 1 ml of 

the air, transmits the intrathoracic pressure using the pressure transducer. The 

quantitative record of esophageal pressure reflects the changes in effort, during the 

respiratory cycle.  

The highest inspiration effort will be the most negative intrathoracic 

pressure. The balloon is extremely useful in diagnosis of the upper airway resistance 

syndrome (UARS).(39) 
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The use of a esophageal balloon requires trained technicians in its use. The 

catheter is inserted by the nostril after local anesthesia of the nasopharynge and 

placed in the esophagus. It should be positioned in the center third or bottom of the 

esophagus, scouting for suitable variations of intrathoracic pressure. However, some 

patients do not tolerate well the intra-esophageal catheter. In children, this type of 

surgery is unusual. 

Despite increased interest in UARS and the diagnosing of PES, little 

literature has been published about this subject. (40) 

Thoracoabdominal movements are an indirect flow measurement. (41) 

Respiratory effort bands consist of a transducer that converts the kinetic 

energy into electrical potential. The goal of the system (transducer and band) is to 

register the change of thoracic and abdominal volume and generate an electrical signal 

transmitted to the polygraph. Therefore, the strapping does not records physical 

forces but the change in the expansion of chest and abdomen.  

The rationale is based on the study of the amplitude of the swing 

movements of the thoracic and the abdominal compartments, and on the comparison 

of the synchrony between both movements. (42) In case of an obstructive apnea, 

there is a decrease and an asynchrony of the bands, resulting in a reduction in the 

amplitude of the sum of the signal from abdominal and thoracic bands. By contrast, 

during a central apnea, the thoracic and the abdominal compartments move, with 

which the signs from both bands and their sum are nil. 

In Figure 3, shows a mixed apnea in OSAS children.(42) It is possible to 

analyze the central apnea (in first part) with stoppage of thoracic and abdominal 

movements and the obstructive apnea with “out-of-phase” thoracic and abdominal 

movements. The sum of the band movements were approximately zero. 
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Figure 3 – The mixed apnea in children - Adapted (42). 

a) Flow – estimated with nasal pressure recording for the PSG; b) Thoracic (Thor.) and 

abdominal (Abd.) were the signs provided by the respiratory bands movements; c) Sum is the 

adding of the signs recording by the thoracic and the abdominal bands. 

 

During the PSG, the movement thoracoabdominal paradoxical is frequently 

found which means a possible obstructive apnea. Under normal conditions, the 

circumference of the chest during inspiration increases and decreases during 

expiration. By contrast, abdominal circumference increases during expiration and 

decreases during inspiration. In obstructive sleep apnea, in some cases, the chest 

circumference may decrease during inspiration and increase during expiration. This is 

called a paradoxical breathing and can also happen with no obstructive sleep apnea. 

(43) 

The operation of the transducer can be a silicon tube filled with a liquid 

substance as conductor, sometimes mercury or a solution whose electrical resistance 

Time 



  CHAPTER 3 – TECHNICAL REVIEW 

 

22 

 

varies with the length of the tube filled. The tube is inserted into an elastic strap that 

accommodated is comfortable around the chest (at the level of armpits) and another 

band is place around the abdomen just above the iliac crest of the patient.   

The belts are simple to use, low cost and serve as a qualitative measure, 

but not quantitative, of respiratory effort. In very obese patients, the usefulness of 

these belts is more restricted, mainly by the difficulty of keeping them properly 

positioned during the examination. 

 

3.2.3 Snore 

 

The snoring is the most common form of manifestation of respiratory sleep 

disorders, and it is expected to affect 3 – 12% of children. (44)  

The snoring attended by respiratory pauses or sudden inspirations can be a 

symptom of OSAS, UARS (Upper Airway Resistance Syndrome) or indicate a possible 

trend for these syndromes. Although the majority of children affected by respiratory 

sleep disorders snore, this condition is not an indicator of the presence of UARS or 

OSAS. Because of this duality of snoring, the screening of a possible existence of a 

more serious disturbance is necessary. The American Academy of Pediatrics 

recommends that all children who snores should be evaluated to discriminate between 

benign resonate and resonate as pathological symptom. (Figure 4) 

Despite the fact that snoring is the most common symptom of OSAS, it is 

intensity, is not related to the severity of respiratory sleep related disorders. 

Many authors consider the respiratory sleep disorders as a continuous 

spectrum of disorders in which an individual can progress or regress. (45) The degree 

of severity of an airway obstruction goes from mild obstruction, causing the snoring, to 

total obstruction, which results in as episode of apnea. 
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Figure 4 – Respiratory disorders of sleep and degree of severity of airway obstruction.  

Adapted (46) 

 

Although the degree of severity of snoring should be unrelated to the 

upper airway obstruction severity, this signal when analyzed together with other 

channel (for example, video signal) may become important to identify the respiratory 

events observed in the oximeter, video, thoracoabdominal bands or elsewhere. (47) 

(48) 

 

 

3.2.4 Body Position (and activity sensor) 

 

The sensors of body position are usually fixed to the children’s chest which 

generates a signal different for each position of the body. The monitoring of position 

becomes important in the diagnosis and treatment of cases of patients exclusively with 

respiratory pauses. Nonetheless, this method is also used to detect other causes or 

sleep disorders apart from respiratory conditions. 

Cartwright (49) proves in his investigation that in adults there is a 

significance decrease in OSAS events, while the supine position
1
 is not advisable. In 

                                                            
1
  The supine position is a position of the body, with lying down the face up. In contrast, the face down, 

there is the prone position. 
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contrast, this conclusion is not confirmed in children. Many authors explain in their 

studies, the effects of body position in breathing sleep disorders. (50) (51) These 

studies have reposted that sleep position does not affect the severity of OSAS in 

children. Inclusively American Academy of Pediatrics suggested that children breathe 

better when they sleep in the supine position.  

Pereira et al. (52) (53) found that there is an increase in the respiratory 

index, when increased time is spent in the supine position in young children. 

 

3.2.5 Electroencephalography (EEG) 

 

The record of the EEG is the main parameter for the stages of sleep. From 

the electroencephalography it is possible to identify the specific graphics and recognize 

the different stages of sleep (stages I to IV of N-REM and REM sleep). (55) 

 The electrodes are placed according to the international system 10-20. For 

a study of sleep, are routinely used only the electrodes C3-C4 and O1-O2. The occipital 

electrodes serve to identify the beginning of sleep, as the high frequency components 

of the EEG are highly correlated to the level of consciousness of the child or adult 

patient.  

The dominating frequency shifts to higher frequencies and lower 

amplitude, as the activity increases. The alpha rhythm (α, 8-12Hz) is typical of vigil and 

observed in regions beyond the brain. Beta (β, 16-20Hz) is a high frequency, as alpha. 

For lower frequency rhythms, it’s necessary to focus on theta (θ, 4-8Hz) and delta (δ, 

0.1-4Hz) during sleep.  

The observation of breathing events during sleep with only one EEG sensor, 

will not detect the events of apnea or hypopnea, because the high frequency noise 

that occurs through REM sleep.  



  CHAPTER 3 – TECHNICAL REVIEW 

 

25 

 

3.2.6 Electrooculography (EOG) 

 

The EOG is a recording of the movement of the eyes, (56) that occur during 

REM sleep and the slow eye movements that occur during the transition vigil-sleep. 

This is a channel, connected to a system of PSG that registers the signal and 

identify rapid eye movement sleep stage. An electrode is placed about 1 cm below the 

horizontal plane and slightly sideways, while the other is placed about 1 cm above and 

also slightly sideways. 

This provision allows the identification of horizontal, vertical and oblique 

eye movements. 

 

3.2.7 Electrocardiogram (ECG) 

 

The ECG serves primarily to detect the frequency and cardiac arrhythmias 

and, contrary to heart disease diagnosis, does no require any other signal such as 

morphology. It needs only to demonstrate the QRS complex. (57)  

 

3.2.8 Electromyography (EMG) 

 

The muscle atonia
2
 is one of the most characteristic features of REM sleep. 

PSG and the record of EMG is as criteria for REM sleep recognition and for recognition 

of awakenings. The electrodes are placed on the skin over the muscle tissue. (58) 

                                                            
2
 The muscle atonia is a diminution of the skeletal muscle tone marked by a diminished resistance to 

passive stretching (4) 
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Other EMG channels can be used in certain sleep disorders, such as 

anterior tibial muscle in the previous suspicion of periodic movements of the members 

and other sleep disorders. 

 

3.3  Importance of fewer channels 

 

As mentioned before, many OSAS patients currently do not have access to 

a laboratory with PSG. This urgent matter is acknowledged and there is an increasing 

interest in other approaches to diagnosis, portable monitoring, that have been 

proposed as an alternative to PSG in the diagnostic assessment of patients with 

suspected sleep apnea. (59) 

Portable monitoring encompasses a wide range of devices that can record 

as many signals as does attended PSG or only one signal, such as with oximetry. In this 

project there were three types of portable monitoring investigated: 

• Type 2 – comprehensive portable PSG. 

• Type 3 – modified portable sleep-apnea testing. 

• Type 4 – continuous single or dual bioparameter recording. 

 

Based on the proposal of the American Sleep Disorders Association, see 

chapter 3.1, type 3 and 4 devices cannot score sleep and, therefore, do not meet some 

current medical diagnosis. 

Usually, EEG, ECG and EMG signals are not recorded by portable 

monitoring, because they are very complex, require more cables and are most 

disturbing for children. For this reason, it was decided that the system Sleep@Home 

would not present any of these signs. But it is important to note, that signals are 

relevant to the detection of sleep. For example, only through the EEG it can be 

detected if the patient (child) is sleeping or awake, but for these situations we propose 
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another type of monitoring, video camera, which allows the detecting of the entire 

exam and where it is possible to identify some signs of how the child is sleeping.  

Developing validated portable monitoring devices is urgently needed.



                                              CHAPTER 4 –SLEEP@HOME – PROJECT DEVELOPMENT 

 

28 

 

 

4.  SLEEP@HOME – PROJECT DEVELOPMENT 

 

In this chapter are arguing the choices and decisions based on revision of 

current literature and the knowledge of other team: students, doctors and sleep 

technicians.   

 

4.1  Sleep@Home Analysis 

 

Sleep@Home is a result of work done below final project in Biomedical 

Engineering, beginning in 2006/2007, under a work in various entities, the University 

of Coimbra, Pediatric Hospital of Coimbra and ISA.   

During this period, a prototype A was developed in order to be able to 

validate the system, having been tested in a hospital environment and outwork. 

Following the tests, the results were positive and interesting. The hardware and the 

software have shown good performance, but it is important continue testing the 

algorithms and the alarms (several statistics results and delta index). 

In the end, the mains goals have been met and it was possible to establish 

a good synchronization of the various components of the system, detect alarms and 

visualization. 

The main objective this year was the certification and validation of 

Sleep@Home – Prototype B. This validation will be achieved through a fair number of 

clinical trials and improved level of hardware, by the American Sleep Disorders 

Association. 
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As it has been mentioned, this project was developed by a team composed 

by two elements during a year. The student Ana Sofia Pardalejo was responsible for 

the analysis and selection of the hardware components for the best results and 

increased clinical validity. The other student, Rafaela Inácio developed a plan of clinical 

tests for validation of the system; and its graphical interface was developed by the ISA 

team. Tests were conducted at the Hospital Centre of Coimbra – Pediatric Hospital 

(tests in children) and General Hospital (tests in adolescents and adults).  

 

4.2  System Architecture 

 

In September of 2007, the prototype A had a basic architecture.  At this 

stage, the system was controlled (Start/Finish) by an interface on a laptop to begin the 

exam and again to conclude. The oximeter and video camera connected to the video 

server and the data packets - text files (.txt) - for oximeter and JPEG images format are 

stored on the video server, for further analysis and consult. (Figure 5) 

After an analysis of the system architecture (Prototype A), it was concluded 

that it was necessary to integrate more components so as to make the Sleep@Home 

more credible and consistent, thus achieving the minimum requirements for a medical 

device Type 3 (Airflow and two channels of respiratory movement. Usually no EEG is 

monitored - Table 1). During this year, dedicated entirely to the project, several literary 

sources and other medical products within the same area of Sleep@Home were 

searched to analyze the strengths and weaknesses for each proposal. The conclusions 

aimed for a more comfortable and more complete possible for OSAS screening. (Figure 

6) 
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Figure 5 – Architecture of Prototype A 

 

 

Figure 6 – Architecture of Prototype B 

 

 

4.2.1 System architecture in modules 

  

The Sleep@Home, as a whole, will have four modules (Figure 7): 

• Acquisition Module – Will be monitoring the biomedical signals, 

image and sound; this part of system will be work on the patient’s 

home. 

• Transmission Module – It makes the connection between the 

module of acquisition and the Database. The data acquired by the 

first, when the monitoring is completed, will be sent to the hospital 

Sleep@Home Box 
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center via ADSL or UMTS/HSDPA, as available. In the inability to use 

these means, the equipment will be returned and the data transfer 

will be made locally in Healthcare Unit. This module contains data 

compression and security processes.  

• Database –The database will store all the data monitored during 

the examinations of sleep. This module will be work in a hospital, as 

the nest module. 

• User Interface – An application will show users stored data in the 

Database. In this module operates a sub-processing module detects 

events that suggest sleep apnea situations. From this module, the 

user can still manage data in the Database. 

 

 The data of the peripherals components are concentrated and 

processed in the Sleep@Home Box. The transmission manages the transfer of data to 

ensure the safety in the process of storage in Database. From the application, 

technicians and doctors can observe the night examination period.   

The prototype B has components that are extremely important for sleep 

apnea detection. The future developments will require the creation a new medical 

device, portable, easy to use and efficient. Therefore, in this chapter, we intend to 

describe the performance of each of its parts will function. All the technical 

requirements needed to have the prototype in conditions will be submitted in several 

validation tests, in clinical environment.  

To describe each of the modules of the prototype B and its components, 

the following points are presented: 
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Figure 7 – Modules of the system Sleep@Home. 

There are several Acquisition Modules (also identified as Sleep@Home Box) distributed by 

patients homes, where the biomedical parameters are monitored. This monitoring is done 

through the Box and has the capacity to acquire, store and compress all data locally monitored 

during the sleep period. After this period, the data is transmitted (Transmission Module) and 

stored remotely in the Database installed on the server network. The user has access to the 

data of signals monitored in the patient’s home, through Interface with features that process 

the data automatically in order to detect clinical events with meaning.  
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� ACQUISITION MODULE 

 

Oximeter 

 

A commercially available Smiths Medical PM 31392B1 Micro Power 

Oximeter Board (Appendix A) was used to collect patient oxygen saturation (%SpO2) 

readings for the new system. The oximeter not only monitors continuous the %SpO2 

but also the heart rate and plethysmographic measurements (important clinical 

signals). 

To monitor the oximetry data, an oximeter and a RS232 input are 

necessary in the Sleep@Home Box. The oximetry routine that runs in the box was 

developed last year. (Figure 8)  

 

Figure 8 - Medical PM 31392B1 Micro Power Oximeter Board (adapted) 

 

The oximeter sends data packets at a 60Hz frequency, but in each packet 

and for each parameter (Figure 9) only some values are valid. As such, the routine has 

been improved in order to detect all valid data in a period of a one second and then it 
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writes to the txt file according to the template on Figure 9. Thus oximetry can be taken 

from the data at an equivalent rate of the oximeters used in the Paediatric Hospital. 

In the case of oximeters, the Central Hospital operates with a transmission 

of some information each three seconds. When these exams were taking place, special 

caution was needed concerning this statistical analysis  

 

  

 

Figure 9 – Template of an oximetry text line. 

Parameters (in order): Date, time, signal beep, plethysmography, mathematical average of the SpO2 

signal SpO2 over a small window of time (, instant SpO2, heart rate, gain of red and gain of infrared. 

 

The option has been to maintain the same oximeter because their routine 

was very efficient in event detection by monitoring SpO2, plethysmography signal and 

heart rate. 

The plethysmographic signal was not monitored last year. According to 

medical opinion, there is a common relation between the occurrence of the arterial 

vasoconstriction state and the activity of the sympathetic nervous system. This is really 

important since before REM sleep stage and the end of the apnea event, there is a 

visible state of vasoconstriction. 

The algorithm of detection for this type of alarm, plethysmographic signal, 

requires a search of mathematical functions in literature. In case of oximetry this 

project, the PAT signal (the same a plethysmographic signal) of the fingertip returns 

this signal at a rate of 60Hz, therefore returning to the original routine of the oximeter. 

 

 

 

YYYY-MM-DD  HH:MM:SS:MMM  Beep, Pleth, Bargraph, AvgSpO2, RealSpO2, HeartRate, Flags RedGain, IRGain 
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Respiratory effort bands 

 

The respiratory effort bands is the new component of prototype B It 

increases the performance and offers more detailed confirmation of clinical events. 

The integration of this new component is based in researched articles and 

several medical opinions. In chapter 3.2.2 Respiratory parameters, it has been 

mentioned that thoracoabdominal movements are an indirect flow measurement in 

which reduction of amplitude and inspiratory curve alteration can be detected.  

Masa et al. (61), present that the potential advantage of thoracoabdominal 

bands over nasal cannula is that the registered signal by the bands is not dependent on 

the patient having to breathe exclusively through the nose. Besides, thoracoabdominal 

bands are already commonly used in PSG to evaluate whether apnea events are 

obstructive or central. Therefore, the thoracoabdominal bands could be used in 

combination with a thermistor or as a complement to other methods that can detect 

apneas or hypopneas, for example nasal cannula. 

The bands chosen are the most commonly used in Healthcare Units. (Figure 

9) 

 

Figure 10 – Respiratory Effort Bands (Appendix B) 
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The connector of the belt (s) connects to the input of PSG recording 

system. In case of the Sleep@Home (Prototype B), it was necessary to implement a 

compatible circuit for the monitored signal amplifier.  

The circuit was elaborated with the help of NI Multisim10® (Appendix C). 

This tool offers simulate simulation of the signal monitored by the bands. The main 

purpose of this simulation is to test the signal before the construction of the circuit in 

PCB, avoiding unnecessary costs if there are errors in the project. There are very PCB 

designers, for example, Altium® designer, OrCAD® and others. 

 

Airflow 

 

In clinical practice, a thermistor is the most used method to detect the 

nasal and oral flow in conventional PSG.  

However, the thermistors have long time responses , the airflow can 

compromise the PSG leading to several false negative and the temperature of the 

exhaled gas is relatively unaffected by changes in the volume exhaled. 

Different methods have tried to identify the respiratory effort-related 

arousal, without esophageal pressure measurement: 

- Alteration in the flow curve obtained by nasal cannula; 

- Alteration in the  flow curve obtained by continuous positive airway 

pressure (CPAP); 

- Pulse transit time; 

- Sum from inductance plethysmography. 

After analysis of various products on the market, it was possible to verify 

that practically all have detection by the airflow.  

This interpretation, with reference to the classification of monitoring 

systems presented by the American Sleep Disorders Association, leads to the following 
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conclusion: the presence of a sensor for monitoring the oral and nasal flow is 

important for the medical community, being a factor of greater accuracy and of 

diagnosis. 

Although this component is not to be a part of the prototype B, an 

acquisition would be of greater value, because it could enhance the product 

Sleep@Home. In future projects, this is an issue to consider. In project future, been 

attention for this. 

 

Video camera 

 

In prototype A, the video camera was analogue and the signal was stored 

in JPEG images format. Choice of this equipment was based on the video surveillance 

system Look@It (a product by ISA).  

To ensure that it’s possible to get images in any light conditions; this video 

camera can get images with good resolution without luminosity, due to its 16 infrared 

leds, and reaches 30 meters (approximately). 

Currently, in the prototype B, it was suggested an implementation of a 

webcam, because it has a good performance, it’s less expensive than one night 

surveillance camera, as used in the system Look@It and also provides a digital format 

of the image that will be compatible with a box already implemented; however, this 

suggestion was discarded because webcam software in the market is constantly 

updating and cannot be guaranteed the same routine in several studies of sleep, 

because the Sleep@Home may be obsolete. 

The video camera to implement in the prototype can be IP or analogue. 

Everything will depend on the costs and capital gains with each. The next chapter it will 

introduce the expenses for components of new prototype. 
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Sound 

 

The audio signal has low precision therefore not a good method to 

guarantee that the child has not OSAS, but the sound, synchronized with video, would 

be very important to help the clinical staff to recognize breathing episodes. 

Several authors, including physicians and sleep studies technicians refer 

sleep as an important diagnosis when associated to another channel, such as a video 

camera. Therefore, it was considered very important to integrate a snoring 

microphone (Detects snoring noise during sleep recordings), which is applied to the 

child’s neck. There are also snoring sensors (Small lightweight detects snoring 

vibrations during diagnostic testing. The sensor is specifically designed to pick up the 

frequency range of snoring vibrations), available in the market. This type of sensor is 

widely used in case studies whether with children or adults to detect snores, asphyxia 

or respiratory efforts, aiding the video images.   

 

 

Figure 11 – Snoring Microphone 
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Figure 12 – Snoring Sensor 

 

Box 

 

The Sleep@Home box is a new concept, implemented to improve the 

performance of the new prototype B. However, it changes the level of programming of 

all components connected to the box: oximeter and video camera, which already 

existed in the prototype, and implementation of new routines for the bands of 

respiratory effort and sound.  

It was a great effort to achieve the goal of making the box with small 

dimensions, conditions for their robust design and easy to transport, compared to the 

characteristics of the previous video server. 

More details about the Sleep@Home are available in the next table.  
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Table 13 – The Sleep@Home box’s main characteristics  

BOX of LexSystem (54) • LIGHT (Appendix D) 

• NEO (Appendix E) 

Both with option: 

      - ADSL Chip: Conexant, ANSI 

T1.413 Issue 2, ITU-T G.992 (G.dmt) 

and G.992.2 (G.lite)  

MOTHERBOARD of LexSystem (55) • CI945C (APPENDIX F) 

(only in NEO, 4 –door RS232, max: 

4Gb, SATA) 

• SI852A (APPENDIX G) 

(only 4 input analogue video, 2-

door RS232, max: 1 Gb, IDE) 

• CV700C (APPENDIX H) 

(4-door RS232, max:1Gb, SATA) 

HARD DRIVE  • HDD 160Gb 2.5’’ 

(can be achieved, approximately 

15 tests in MPEG4 (720x480 

30fps) or 62 tests in JPEG 

(640x480 1 fps)) 

 

In box: 

 

 Figure 13 – Architecture logical of Sleep@Home Box  
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Figure 14 – Sleep@Home Box and oximeter. (Jun 2008) 

  

 Figure 15-Components of Sleep@Home (Jun 2008)  

 

 

• Selection of images 

 

The objective is to only acquire images of events with clinical interest. 

Thus, an algorithm was created in order to record an image only in the presence of 

several factors: 

- Low saturation  detected by the oximeter (below 92% - this limit is alterable in 

order to trigger a detection at other percentages); 

- Movement detection by the camera; 

- Sound detection (snore) 
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- Curve changes in the respiratory flow 

- Curve changes in the respiratory bands (abdominal and thoracic) 

These last two factors have not yet been integrated (as the algorithm has not 

yet been developed). They are a part of the future development proposal.  

As long as one “alarm” from these factors occurs, the camera will start, if 

not started before. 

 

• Data Compression 

Image compression algorithms were developed, to shorten the storage 

space and to enable data upload via UMTS/HSPDA. 

The sound is independent from the image, being compressed in mp3 

format. 

These are all real-time processings. 

After the sleep test, there is a final compression of all data. 

 

• Data Transmission  

After final compression, data will be sent through ADSL, UMTS ou local 

network at the hospital (This procedure is still undergoing tests) 

 

� TRANSMISSION MODULE 

  

There has to be a Web Service at the hospital. This Web Service consists in 

a routine that assures security in the data insertion process into the database, when 

it’s being remotely transmitted by a http protocol. This is the only link between the 
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patient’s home and the hospital, being a unidirectional communication (from the 

patient’s home to the hospital).  

For the remote data transmission, a communication protocol has been 

created between the box and the Web Service in order to assure that the images are 

only deleted in the box after data reception confirmation. 

 

� DATABASE 

 

The database stores the data sent by the Web Service. It stores all the 

patients’ data as well as all users (physicians and technicians) which can include 

comments to the several testing and proceed the data analysis. 

 

� INTERFACE 

The application, developed in Visual C+ on .NET platform, has suffered 

several changes since the previous application developed in the 2006/2007 project. In 

this new application, the new components are already considered and presented. 

 

 

4.3  Sleep@Home - 3 versions proposed 

 

From the first contact with prototype A, in September of 2007, and from 

meetings with physicians and technicians, new ideas came up and we moved toward a 

prototype B. 

This chapter proposes the Sleep@Home as product able to adapt itself to 

the various cases of suspicion of obstructive sleep apnea. According to the severity of 
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the symptoms presented in the clinical history (history and physical examination), the 

physician can choose from one of three versions: 

 

Table 14 –Sleep@Home Versions 

LIGHT VERSION STANDARD VERSION ADVANCED VERSION 

• Oximeter: 

- % SpO2 

- Heart rate 

- PAT 

 

 

 

• Video Signal 

 

• Oximeter: 

- % SpO2 

- Heart rate 

- PAT  

• Thermistor 

• Respiratory effort 

bands 

 

 

• Video Signal 

• Sound 

 

• Oximeter: 

- % SpO2 

- Heart rate 

- PAT  

• Thermistor 

• Respiratory effort 

bands 

 

 

• Video Signal 

• Sound 

 

• Alarms 

• Portable screen 

• Pajama  

Type 4 Type 3 Type 3 
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The Light version presents a Type 4 solution that monitors the less precise 

cases in sleep disorders. It’s a very simple system, with the prototype A features. 

The Standard version is a Type 3 solution, that assures some accuracy in 

the results, as the selected channels record four bio signs: %SpO2, heart rate, airflow 

and abdominal and thoracic respiratory effort bands. 

Lastly, there is a more complete version, regarding the monitoring level to 

which the parents have access, called Advanced version. This version contains a 

portable screen portable within a limited radius, in which it is possible to visually 

monitor the child sleeping. Various alarms are triggered when unsual events are 

detected or rather different sounds (from a normal night sleep), such as asphyxia or 

agitated awakenings. 

The idea for a pajama for this version was analised and considered a 

desirable requisite, in case the system is wired-based, since these would go through 

the suture, and therefore not bothering the child during monitoring. After considering 

Drª Helena Estevão opinion on the matter, it was concluded that a pajama gives the 

advantage of not presenting to the child the visual idea of the amount of wires in 

contact with his body. Nevertheless, a gown would suffice as long as it can be easily 

dressed or undressed without moving or disconnecting any sensor, allowing the exam 

to continue without the child waking up. 
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“Infant blood 
Nº Patente:
Data 
Descrição:
detecção da saturação arterial de oxigénio e da frequência cardíaca. O dispositivo comunica 
com um pequeno monitor via rádio onde são mostradas as leituras relativas à frequência 
cardíaca e saturação de oxigénio. O monitor soa um alarme se estes valores forem inferiores 
aos predeterminados.  
 
URL: 
http://www.google.com/patents?id=vUYEAAAAEBAJ&printsec=drawing&zoom=4&dq=sleep+ap
nea+device%2B+oximeter%2Bcamera#PPA1,M1
 

 

 “Apparatus and method for diagnosing sleep apnea”
Nº Patente:
Data Patente:
Descrição:
respiração durante o sono. Baseia
 
URL: 
http://www.google.com/patents?id=PMN
de 2008
 

 

“ Method for providing a remote diagnostic
Application number:
Data Patente:
Descrição:
um oxímetro de pulso, no entanto pode integrar outros sinais como o ECG, pletismografia ou 
sensores acelerómetricos para a detecção da postu
 
URL:
http://www.google.com/patents?id=U5GbAAAAEBAJ&printsec=abstract&zoom=4&
nea+device%2B+oximeter%2Bcamera%2Bportable
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“Infant blood oxygen monitor and SIDS warning devices”
Nº Patente: 6047201
Data Publicação Patente:
Descrição: O aparelho é composto por um oxímetro colocado no pé dos bebés com vista à 
detecção da saturação arterial de oxigénio e da frequência cardíaca. O dispositivo comunica 
com um pequeno monitor via rádio onde são mostradas as leituras relativas à frequência 
ardíaca e saturação de oxigénio. O monitor soa um alarme se estes valores forem inferiores 

aos predeterminados.  

URL: 
http://www.google.com/patents?id=vUYEAAAAEBAJ&printsec=drawing&zoom=4&dq=sleep+ap
nea+device%2B+oximeter%2Bcamera#PPA1,M1

“Apparatus and method for diagnosing sleep apnea”
Nº Patente: 7169110
Data Patente: Jan 30, 2007
Descrição: Aparelho para diagnosticar a apneia do sono detectando a cessação temporária da 
respiração durante o sono. Baseia

URL:  
http://www.google.com/patents?id=PMN
de 2008 

Method for providing a remote diagnostic
Application number:
Data Patente: Abril 6, 2006
Descrição: Permite a monitorização remota do doente em casa. Funciona com uma câmara e 
um oxímetro de pulso, no entanto pode integrar outros sinais como o ECG, pletismografia ou 
sensores acelerómetricos para a detecção da postu

URL: 
http://www.google.com/patents?id=U5GbAAAAEBAJ&printsec=abstract&zoom=4&
nea+device%2B+oximeter%2Bcamera%2Bportable
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oxygen monitor and SIDS warning devices”
6047201 

Patente: Abril 4, 2000
O aparelho é composto por um oxímetro colocado no pé dos bebés com vista à 

detecção da saturação arterial de oxigénio e da frequência cardíaca. O dispositivo comunica 
com um pequeno monitor via rádio onde são mostradas as leituras relativas à frequência 
ardíaca e saturação de oxigénio. O monitor soa um alarme se estes valores forem inferiores 

aos predeterminados.   

http://www.google.com/patents?id=vUYEAAAAEBAJ&printsec=drawing&zoom=4&dq=sleep+ap
nea+device%2B+oximeter%2Bcamera#PPA1,M1

“Apparatus and method for diagnosing sleep apnea”
7169110 

Jan 30, 2007 
Aparelho para diagnosticar a apneia do sono detectando a cessação temporária da 

respiração durante o sono. Baseia

http://www.google.com/patents?id=PMN

Method for providing a remote diagnostic
Application number: 10/951,713

Abril 6, 2006 
Permite a monitorização remota do doente em casa. Funciona com uma câmara e 

um oxímetro de pulso, no entanto pode integrar outros sinais como o ECG, pletismografia ou 
sensores acelerómetricos para a detecção da postu

http://www.google.com/patents?id=U5GbAAAAEBAJ&printsec=abstract&zoom=4&
nea+device%2B+oximeter%2Bcamera%2Bportable
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oxygen monitor and SIDS warning devices”

Abril 4, 2000 
O aparelho é composto por um oxímetro colocado no pé dos bebés com vista à 

detecção da saturação arterial de oxigénio e da frequência cardíaca. O dispositivo comunica 
com um pequeno monitor via rádio onde são mostradas as leituras relativas à frequência 
ardíaca e saturação de oxigénio. O monitor soa um alarme se estes valores forem inferiores 

http://www.google.com/patents?id=vUYEAAAAEBAJ&printsec=drawing&zoom=4&dq=sleep+ap
nea+device%2B+oximeter%2Bcamera#PPA1,M1

“Apparatus and method for diagnosing sleep apnea”

Aparelho para diagnosticar a apneia do sono detectando a cessação temporária da 
respiração durante o sono. Baseia-se nos princípios da oximetria de pulso.

http://www.google.com/patents?id=PMN-AAAAEBAJ&printsec=abstract&zoom=4

Method for providing a remote diagnostic
10/951,713 

Permite a monitorização remota do doente em casa. Funciona com uma câmara e 
um oxímetro de pulso, no entanto pode integrar outros sinais como o ECG, pletismografia ou 
sensores acelerómetricos para a detecção da postu

http://www.google.com/patents?id=U5GbAAAAEBAJ&printsec=abstract&zoom=4&
nea+device%2B+oximeter%2Bcamera%2Bportable
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oxygen monitor and SIDS warning devices”

O aparelho é composto por um oxímetro colocado no pé dos bebés com vista à 
detecção da saturação arterial de oxigénio e da frequência cardíaca. O dispositivo comunica 
com um pequeno monitor via rádio onde são mostradas as leituras relativas à frequência 
ardíaca e saturação de oxigénio. O monitor soa um alarme se estes valores forem inferiores 

http://www.google.com/patents?id=vUYEAAAAEBAJ&printsec=drawing&zoom=4&dq=sleep+ap
nea+device%2B+oximeter%2Bcamera#PPA1,M1, 22 

“Apparatus and method for diagnosing sleep apnea”

Aparelho para diagnosticar a apneia do sono detectando a cessação temporária da 
se nos princípios da oximetria de pulso.

AAAAEBAJ&printsec=abstract&zoom=4

Method for providing a remote diagnostic ” 

Permite a monitorização remota do doente em casa. Funciona com uma câmara e 
um oxímetro de pulso, no entanto pode integrar outros sinais como o ECG, pletismografia ou 
sensores acelerómetricos para a detecção da postura e movimento.

http://www.google.com/patents?id=U5GbAAAAEBAJ&printsec=abstract&zoom=4&
nea+device%2B+oximeter%2Bcamera%2Bportable, 22 de 

This work has made in collaboration with Vânia Almeida.  

Pesquisa de patentes relacionadas com o Sleep@Home

oxygen monitor and SIDS warning devices”  

O aparelho é composto por um oxímetro colocado no pé dos bebés com vista à 
detecção da saturação arterial de oxigénio e da frequência cardíaca. O dispositivo comunica 
com um pequeno monitor via rádio onde são mostradas as leituras relativas à frequência 
ardíaca e saturação de oxigénio. O monitor soa um alarme se estes valores forem inferiores 

http://www.google.com/patents?id=vUYEAAAAEBAJ&printsec=drawing&zoom=4&dq=sleep+ap
 de Agosto de 2008 

“Apparatus and method for diagnosing sleep apnea”  

Aparelho para diagnosticar a apneia do sono detectando a cessação temporária da 
se nos princípios da oximetria de pulso.

AAAAEBAJ&printsec=abstract&zoom=4

Permite a monitorização remota do doente em casa. Funciona com uma câmara e 
um oxímetro de pulso, no entanto pode integrar outros sinais como o ECG, pletismografia ou 

ra e movimento.

http://www.google.com/patents?id=U5GbAAAAEBAJ&printsec=abstract&zoom=4&
, 22 de Agosto de 2008
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O aparelho é composto por um oxímetro colocado no pé dos bebés com vista à 
detecção da saturação arterial de oxigénio e da frequência cardíaca. O dispositivo comunica 
com um pequeno monitor via rádio onde são mostradas as leituras relativas à frequência 
ardíaca e saturação de oxigénio. O monitor soa um alarme se estes valores forem inferiores 

http://www.google.com/patents?id=vUYEAAAAEBAJ&printsec=drawing&zoom=4&dq=sleep+ap
de Agosto de 2008  

Aparelho para diagnosticar a apneia do sono detectando a cessação temporária da 
se nos princípios da oximetria de pulso. 

AAAAEBAJ&printsec=abstract&zoom=4

Permite a monitorização remota do doente em casa. Funciona com uma câmara e 
um oxímetro de pulso, no entanto pode integrar outros sinais como o ECG, pletismografia ou 

ra e movimento. 

http://www.google.com/patents?id=U5GbAAAAEBAJ&printsec=abstract&zoom=4&
Agosto de 2008 
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O aparelho é composto por um oxímetro colocado no pé dos bebés com vista à 
detecção da saturação arterial de oxigénio e da frequência cardíaca. O dispositivo comunica 
com um pequeno monitor via rádio onde são mostradas as leituras relativas à frequência 
ardíaca e saturação de oxigénio. O monitor soa um alarme se estes valores forem inferiores 

http://www.google.com/patents?id=vUYEAAAAEBAJ&printsec=drawing&zoom=4&dq=sleep+ap

Aparelho para diagnosticar a apneia do sono detectando a cessação temporária da 

AAAAEBAJ&printsec=abstract&zoom=4, 22 de Agosto 

Permite a monitorização remota do doente em casa. Funciona com uma câmara e 
um oxímetro de pulso, no entanto pode integrar outros sinais como o ECG, pletismografia ou 

http://www.google.com/patents?id=U5GbAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep+ap

APPENDIX I  

68 

 

O aparelho é composto por um oxímetro colocado no pé dos bebés com vista à 
detecção da saturação arterial de oxigénio e da frequência cardíaca. O dispositivo comunica 

ardíaca e saturação de oxigénio. O monitor soa um alarme se estes valores forem inferiores 

http://www.google.com/patents?id=vUYEAAAAEBAJ&printsec=drawing&zoom=4&dq=sleep+ap

Aparelho para diagnosticar a apneia do sono detectando a cessação temporária da 

, 22 de Agosto 

Permite a monitorização remota do doente em casa. Funciona com uma câmara e 
um oxímetro de pulso, no entanto pode integrar outros sinais como o ECG, pletismografia ou 

dq=sleep+ap



 

 

 

 

“ Sleep apnea screening and/or detecting apparatus and method
Nº Patente:
Data Patente:
Descrição:
com base em sons respiratórios capturados por dois microfones. 
URL: 
http://www.google.com/patents?id=sm4mAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory#PPA15,M1
 

 

“ Apparatus for detecting sleep apnea using 
Nº Patente:
Data Patente:
Descrição:
electrocardiograma (análise intervalos RR) e com derivação do sinal respiratório. 
URL:
http://www.google.com/patents?id=c3V3AAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory
 

 

“Portable integrated physiological monitoring system”
Nº Patente:
Data Patente:
Descrição:
de pulso, estetoscópio, sensores de temperatura, sensores de fluxo respiratório. Todos os 
sensores estão ligados a um computador portátil.
URL:
http://www.google.com/patents?id=TogDAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory
 

 

“Ambulatory patient health monitoring techniques utilizing interactive visual 
communications”
Nº Patente:
Data Patente:
Descrição:
equipamentos e uma câ
com o AAL pode ser utilizado em aplicações específicas como o de diagnóstico de doentes 
com síndrome de apneia do sono.
URL:
http://www.google.com/patents?id=pnkoAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory#PPA1,M1
 

 

 

Sleep apnea screening and/or detecting apparatus and method
Nº Patente: 5797852
Data Patente: Agosto 25, 1998
Descrição: Aparelho portátil para uso na cama do paciente. Usado para detecção de apneias 
com base em sons respiratórios capturados por dois microfones. 
URL: 
http://www.google.com/patents?id=sm4mAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory#PPA15,M1

 

Apparatus for detecting sleep apnea using 
Nº Patente: 7025729
Data Patente: Abril 11, 2006
Descrição: Sistema permite o diagnóstico de apneia de sono com base num sinal de 
electrocardiograma (análise intervalos RR) e com derivação do sinal respiratório. 
URL: 
http://www.google.com/patents?id=c3V3AAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory

“Portable integrated physiological monitoring system”
Nº Patente: 6083156
Data Patente: Julho 4, 2000
Descrição: Com vista ao uso em ambulatório integra diversos sensores, EEC, ECG, oxímetro 
de pulso, estetoscópio, sensores de temperatura, sensores de fluxo respiratório. Todos os 
sensores estão ligados a um computador portátil.
URL: 
http://www.google.com/patents?id=TogDAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory

“Ambulatory patient health monitoring techniques utilizing interactive visual 
communications”
Nº Patente: 5544649
Data Patente: Agosto 13, 1996
Descrição: Sistema de monitorização em casa que consiste num sistema que integra vários 
equipamentos e uma câ
com o AAL pode ser utilizado em aplicações específicas como o de diagnóstico de doentes 
com síndrome de apneia do sono.
URL: 
http://www.google.com/patents?id=pnkoAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory#PPA1,M1

 

Sleep apnea screening and/or detecting apparatus and method
5797852 

Agosto 25, 1998
Aparelho portátil para uso na cama do paciente. Usado para detecção de apneias 

com base em sons respiratórios capturados por dois microfones. 

http://www.google.com/patents?id=sm4mAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory#PPA15,M1

Apparatus for detecting sleep apnea using 
7025729 

Abril 11, 2006 
Sistema permite o diagnóstico de apneia de sono com base num sinal de 

electrocardiograma (análise intervalos RR) e com derivação do sinal respiratório. 

http://www.google.com/patents?id=c3V3AAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory

“Portable integrated physiological monitoring system”
6083156 

Julho 4, 2000 
Com vista ao uso em ambulatório integra diversos sensores, EEC, ECG, oxímetro 

de pulso, estetoscópio, sensores de temperatura, sensores de fluxo respiratório. Todos os 
sensores estão ligados a um computador portátil.

http://www.google.com/patents?id=TogDAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory

“Ambulatory patient health monitoring techniques utilizing interactive visual 
communications” 

5544649 
Agosto 13, 1996

Sistema de monitorização em casa que consiste num sistema que integra vários 
equipamentos e uma câmara que permite a monitorização diária. Embora mais relacionado 
com o AAL pode ser utilizado em aplicações específicas como o de diagnóstico de doentes 
com síndrome de apneia do sono.

http://www.google.com/patents?id=pnkoAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory#PPA1,M1

 

Sleep apnea screening and/or detecting apparatus and method

Agosto 25, 1998 
Aparelho portátil para uso na cama do paciente. Usado para detecção de apneias 

com base em sons respiratórios capturados por dois microfones. 

http://www.google.com/patents?id=sm4mAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory#PPA15,M1

Apparatus for detecting sleep apnea using 

 
Sistema permite o diagnóstico de apneia de sono com base num sinal de 

electrocardiograma (análise intervalos RR) e com derivação do sinal respiratório. 

http://www.google.com/patents?id=c3V3AAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory

“Portable integrated physiological monitoring system”

Com vista ao uso em ambulatório integra diversos sensores, EEC, ECG, oxímetro 
de pulso, estetoscópio, sensores de temperatura, sensores de fluxo respiratório. Todos os 
sensores estão ligados a um computador portátil.

http://www.google.com/patents?id=TogDAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory

“Ambulatory patient health monitoring techniques utilizing interactive visual 

Agosto 13, 1996 
Sistema de monitorização em casa que consiste num sistema que integra vários 

mara que permite a monitorização diária. Embora mais relacionado 
com o AAL pode ser utilizado em aplicações específicas como o de diagnóstico de doentes 
com síndrome de apneia do sono. 

http://www.google.com/patents?id=pnkoAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory#PPA1,M1

 

Sleep apnea screening and/or detecting apparatus and method

Aparelho portátil para uso na cama do paciente. Usado para detecção de apneias 
com base em sons respiratórios capturados por dois microfones. 

http://www.google.com/patents?id=sm4mAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory#PPA15,M1

Apparatus for detecting sleep apnea using electrocardiogram signals

Sistema permite o diagnóstico de apneia de sono com base num sinal de 
electrocardiograma (análise intervalos RR) e com derivação do sinal respiratório. 

http://www.google.com/patents?id=c3V3AAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory, 22 de 

“Portable integrated physiological monitoring system”

Com vista ao uso em ambulatório integra diversos sensores, EEC, ECG, oxímetro 
de pulso, estetoscópio, sensores de temperatura, sensores de fluxo respiratório. Todos os 
sensores estão ligados a um computador portátil. 

http://www.google.com/patents?id=TogDAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory, 22 de Agosto de 2008

“Ambulatory patient health monitoring techniques utilizing interactive visual 

Sistema de monitorização em casa que consiste num sistema que integra vários 
mara que permite a monitorização diária. Embora mais relacionado 

com o AAL pode ser utilizado em aplicações específicas como o de diagnóstico de doentes 

http://www.google.com/patents?id=pnkoAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory#PPA1,M1

Sleep apnea screening and/or detecting apparatus and method

Aparelho portátil para uso na cama do paciente. Usado para detecção de apneias 
com base em sons respiratórios capturados por dois microfones.  

http://www.google.com/patents?id=sm4mAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
Bapnea%2Bdevice%2Bportable%2Bambulatory#PPA15,M1, 22 de Agosto de 2008

electrocardiogram signals

Sistema permite o diagnóstico de apneia de sono com base num sinal de 
electrocardiograma (análise intervalos RR) e com derivação do sinal respiratório. 

http://www.google.com/patents?id=c3V3AAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
, 22 de Agosto de 2008

“Portable integrated physiological monitoring system”  

Com vista ao uso em ambulatório integra diversos sensores, EEC, ECG, oxímetro 
de pulso, estetoscópio, sensores de temperatura, sensores de fluxo respiratório. Todos os 

http://www.google.com/patents?id=TogDAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
, 22 de Agosto de 2008

“Ambulatory patient health monitoring techniques utilizing interactive visual 

Sistema de monitorização em casa que consiste num sistema que integra vários 
mara que permite a monitorização diária. Embora mais relacionado 

com o AAL pode ser utilizado em aplicações específicas como o de diagnóstico de doentes 

http://www.google.com/patents?id=pnkoAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bdevice%2Bportable%2Bambulatory#PPA1,M1, 22 de Agosto de 2008

Sleep apnea screening and/or detecting apparatus and method ” 

Aparelho portátil para uso na cama do paciente. Usado para detecção de apneias 
 

http://www.google.com/patents?id=sm4mAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
22 de Agosto de 2008

electrocardiogram signals ” 

Sistema permite o diagnóstico de apneia de sono com base num sinal de 
electrocardiograma (análise intervalos RR) e com derivação do sinal respiratório. 

http://www.google.com/patents?id=c3V3AAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
Agosto de 2008 

Com vista ao uso em ambulatório integra diversos sensores, EEC, ECG, oxímetro 
de pulso, estetoscópio, sensores de temperatura, sensores de fluxo respiratório. Todos os 

http://www.google.com/patents?id=TogDAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
, 22 de Agosto de 2008 

“Ambulatory patient health monitoring techniques utilizing interactive visual 

Sistema de monitorização em casa que consiste num sistema que integra vários 
mara que permite a monitorização diária. Embora mais relacionado 

com o AAL pode ser utilizado em aplicações específicas como o de diagnóstico de doentes 

http://www.google.com/patents?id=pnkoAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
, 22 de Agosto de 2008
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Aparelho portátil para uso na cama do paciente. Usado para detecção de apneias 

http://www.google.com/patents?id=sm4mAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2
22 de Agosto de 2008  

 

Sistema permite o diagnóstico de apneia de sono com base num sinal de 
electrocardiograma (análise intervalos RR) e com derivação do sinal respiratório.  

http://www.google.com/patents?id=c3V3AAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B

Com vista ao uso em ambulatório integra diversos sensores, EEC, ECG, oxímetro 
de pulso, estetoscópio, sensores de temperatura, sensores de fluxo respiratório. Todos os 

http://www.google.com/patents?id=TogDAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2

“Ambulatory patient health monitoring techniques utilizing interactive visual 

Sistema de monitorização em casa que consiste num sistema que integra vários 
mara que permite a monitorização diária. Embora mais relacionado 

com o AAL pode ser utilizado em aplicações específicas como o de diagnóstico de doentes 

http://www.google.com/patents?id=pnkoAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
, 22 de Agosto de 2008 
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Aparelho portátil para uso na cama do paciente. Usado para detecção de apneias 

http://www.google.com/patents?id=sm4mAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2

http://www.google.com/patents?id=c3V3AAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B

Com vista ao uso em ambulatório integra diversos sensores, EEC, ECG, oxímetro 
de pulso, estetoscópio, sensores de temperatura, sensores de fluxo respiratório. Todos os 

http://www.google.com/patents?id=TogDAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2

Sistema de monitorização em casa que consiste num sistema que integra vários 
mara que permite a monitorização diária. Embora mais relacionado 

com o AAL pode ser utilizado em aplicações específicas como o de diagnóstico de doentes 

http://www.google.com/patents?id=pnkoAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B



 

 

 

“Sudden infant 
Nº Patente:
Data Patente:
Descrição:
câmara de vídeo, sensores de movimento (sem contacto com o bebé) e um oxímetro. 
URL:
http://www.google.com/patents?id=mBkiAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bhome%2Bmonito
 

 

 

 

Sudden infant death syndrome monitor”
Nº Patente: 5505199
Data Patente: Abril 9, 1996
Descrição: Detecção de distúrbios durante o sono em bebés. O sistema é composto por uma 
câmara de vídeo, sensores de movimento (sem contacto com o bebé) e um oxímetro. 
URL:  
http://www.google.com/patents?id=mBkiAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bhome%2Bmonito

 

death syndrome monitor”
5505199 

Abril 9, 1996 
Detecção de distúrbios durante o sono em bebés. O sistema é composto por uma 

câmara de vídeo, sensores de movimento (sem contacto com o bebé) e um oxímetro. 

http://www.google.com/patents?id=mBkiAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
apnea%2Bhome%2Bmonitoring%2Boximeter%2Bcamera#PPA1,M1

 

death syndrome monitor”

Detecção de distúrbios durante o sono em bebés. O sistema é composto por uma 
câmara de vídeo, sensores de movimento (sem contacto com o bebé) e um oxímetro. 

http://www.google.com/patents?id=mBkiAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
ring%2Boximeter%2Bcamera#PPA1,M1

 

death syndrome monitor” 

Detecção de distúrbios durante o sono em bebés. O sistema é composto por uma 
câmara de vídeo, sensores de movimento (sem contacto com o bebé) e um oxímetro. 

http://www.google.com/patents?id=mBkiAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
ring%2Boximeter%2Bcamera#PPA1,M1

Detecção de distúrbios durante o sono em bebés. O sistema é composto por uma 
câmara de vídeo, sensores de movimento (sem contacto com o bebé) e um oxímetro. 

http://www.google.com/patents?id=mBkiAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
ring%2Boximeter%2Bcamera#PPA1,M1

Detecção de distúrbios durante o sono em bebés. O sistema é composto por uma 
câmara de vídeo, sensores de movimento (sem contacto com o bebé) e um oxímetro. 

http://www.google.com/patents?id=mBkiAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
ring%2Boximeter%2Bcamera#PPA1,M1, 22 de Agosto de 2008
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Detecção de distúrbios durante o sono em bebés. O sistema é composto por uma 
câmara de vídeo, sensores de movimento (sem contacto com o bebé) e um oxímetro.  

http://www.google.com/patents?id=mBkiAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
, 22 de Agosto de 2008
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Detecção de distúrbios durante o sono em bebés. O sistema é composto por uma 

http://www.google.com/patents?id=mBkiAAAAEBAJ&printsec=abstract&zoom=4&dq=sleep%2B
, 22 de Agosto de 2008 


