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Background: 

This article describes a unique type infant breathing monitor.  

While studying Grant’s Anatomy as a medical student I noticed the remark that infants are 

primarily diaphragmatic breathers. It dawned on me that with an infant lying flat that there would 

be a centre of mass shift on the horizontal axis parallel to a mattress surface, simply because the 

air filled lungs and the chest cavity have a lower density than the abdominal contents. 

Also this shift in centre of mass would be proportional to the tissue mass displaced and that 

would be proportional to the depth of each breath. Also as the mass shift was perpendicular to 

the gravity field, other forces related to infant motion and environmental vibration would be 

cancelled from the derived signal.  

If the centre of mass was detected the derived signal magnitude would become completely 

independent from any objects of any size, shape or consistency placed between the infant and the 

sensor system in the mattress because these do not alter dynamic centre of mass shifts, only the 

total static mass.  

This is not the case for any other type of non contact infant breathing monitor. Force detecting 

monitors types, or microphone (sound) detection types of monitor are affected by the thickness 

and consistency of the materials between their sensor and the infant because energy is absorbed 

in this pathway. Also the signal amplitude information (data) in all other kinds of non contact 

breathing monitor becomes relatively useless for respiration and minute volume assessment and 

only the breathing frequency spectrum data is preserved. However for accurate breathing 

monitoring, without false alarms, both the amplitude and frequency data must be measured 

accurately and in fact multiplied together to yield the minute volume. 

 I was also aware of technical problems associated with standard non-contact breathing monitors 

such as the capacitance pad where the signals it acquires is very variable in level and the result is 

false alarms. An infant could be breathing shallowly with a high rate or deeply with a lower rate 

and still be ok but the movement or pressure sensing pad could not use the signal amplitude for 

any reliable purpose, only the signal or breathing frequency has any application.  

What was needed was a “derived signal” that was proportional to the depth of each breath and 

not affected by objects placed between the detector in the infant’s mattress and the infant. This 

way the signal amplitude (or tidal volume) and frequency or breaths per minute (breathing rate) 



could also be multiplied to create the wanted measured variable which is the “minute volume” 

(volume of air breathed per minute by the infant) as this is the variable which needs to be 

measured to compare with an allowable reference value before sounding an apnoea alarm.  

I abandoned any contact method to detect breathing as wires/tubes etc are too hazardous in the 

infant’s crib.  

I had also been interested in infant breathing monitoring as I was nearly a SIDS baby myself, my 

mother discovered me not breathing, unresponsive and cyanotic looking in my crib. Luckily for 

me she had only recently been on a first aid course and learnt CPR and she obviously got to me 

in time. I was hospitalised for a while after that and recovered with no damage, so the doctors 

said. 

I designed and built the Dynamic Centre Of Mass (DCOM) breathing monitor and trialled it with 

a ventilated “artificial infant” and also trialled it with real infants in the Neonatal Unit of the 

National Women’s Hospital in NZ in 1989. This was the subject of my 6
th

 year elective as a 

Trainee Intern. My Preceptor Dr. Stephen Wealthall also had a custom designed computer where 

the many hours of breathing recordings (recorded on a slow speed Tanberg Tape Recorder) could 

be analysed. 

When the project was complete I took it to the Director of the COT Death Society in Auckland in 

1989. She told me the society was little interested in breathing monitoring (although they were 

using a system of attachments with nasal prongs for high risk cases) and the money that was 

raised by the society was earmarked for research into the causes of cot death. I argued that it 

might be some time before all the causes were known and with good false alarm free monitoring 

some lives could probably be saved. My thinking being that if the baby stops breathing it is 

better to know about it and try to do something about that in the first few minutes, rather than 

finding the baby lifeless 4 hours later. Somewhat discouraged by that I went on to pursue my 

usual medical studies and became an Ophthalmologist. However I put my monitor to good use at 

home: 

 I used the monitor on two of my daughters for the first 18 months of their lives. During this 

phase two features were added. My wife quickly noticed it was difficult to remember to switch 

the unit off and on. If the baby was taken out of the crib the monitor would alarm after 30 

seconds depending on where the apnoea timer was set. Also if it was forgotten to put the alarm 

back on after the baby was returned to the crib it would serve no purpose. She asked if it could 

be made automatic. It was a very easily modification as not only was the dynamic centre of mass 

signal available by subtraction of the sensor data, but by addition of the data it could easily be 

determined if the baby was in or out of the crib, so simply the alarm was inhibited automatically 

when the baby wasn’t there. This meant the monitor could be forgotten about for daily use, it 

was quite a remarkable improvement. One daughter had event free monitoring (zero apnoeas) 



while a greater than 30 second apnoea occurred with one daughter, but the load alarm appeared 

to wake her up.  

Another modification involved sending the output from the monitor to the master bedroom as 

two LED’s which would light on inspiration and expiration alternately and this was very 

comforting to see in the night when one was wondering if the baby was ok. The state of sleep or 

wakefulness of the baby could also be seen because with quiet sleeping the expiration & 

inspiration timing is very regular. 

Further modifications included additional sensors to allow for any infant rotation in the crib and 

a digital minute volume readout. However the basic DCOM principle remained the same. The 

following images are scans from my elective report relating to this project. Initially a photo of 

the control unit and the mattress that went in the bottom of the baby’s crib: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The following diagrams indicate some of the features. All of the details are in the report. 



 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

The following is a scan of my elective report which should still be on file in the Auckland 

Medical School Library: 

 

 

 

 

 



 



 



 



 



 



 



 



 



 



 



 

 

 

 

 

 



 



 



 



 



 



 

 

 

 

 

 

 



 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



 



 



 



 



 

 

 

 

 

 

 

 

 



 



 



 



 



 



 



 



 



 



 

On a final note. One interesting discovery was made while ventillating the artficial infant. More 

pressure drive was required and more work (energy/sec) was required to ventilate the model 

infant while it was lying on its stomach and less work was required with it lying on its back for 

the same minute volume.This is because the structures of the abdominal wall are more compliant 

that the back and spine area, so this reduces the overall abdominal compliance with the anterior 

abdomen applied with the body weight to a rigid surface. This indicates that an infant could 

beome more quickly fatigued and this might be one of the reasons why keeping a baby on its 

back has reduced the incidence of sudden infant death syndrome. 

 

****************************************************************************** 


