
Method		
By	 having	 a	 pre-determined	 expecta3on	 of	 the	 PO2-outcome,	 the	
characteris3cs	of	a	 func3onal	 sensor	 is	known	within	some	 limits.	 	 If	we	
incorporate	 a	 sensor	 error	 in	 the	 model	 it	 is	 obvious	 that	 there	 are	
differences	in	the	behavior	in	the	sensor	readings.		
	
In	 the	 figure	 below	 the	 characteris3cs	 for	 an	 unlinear	 sensor	 is	 shown.	
PO2-varia3ons	are	presented	as	a	blue	(expected/working	system),		
red	(erroneous	system,	unlinear	sensor)	or	purple	dots	(actual		
PO2	with	erroneous	system).	Note	that	the	actual	PO2-value	
	is	1.5-1.6	whereas	the	reading	says	1.3	
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The	 figure	 above	 shows	 a	 zoomed	 in	 area	 where	 the	 setpoint/depth	 is	
changed	 and	 further	 the	 constant	 setpoint	 at	 1.3.	 A	 good	 separa3on	
between	 red	 and	 blue	 indicates	 good	 detectability.	 Similar	 approach	 is	
used	to	detect	current	limita3on	and	invalid	signal.		
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Possible PO2 values for fully functional eCCR (PO2-setpoint 1.3/0.7), FO2 Diluent 21%, Total system vol 7-10[l], VO2 1-1.5[l], max solenoid inj 25 [l/min]

Actual PO2
PO2 Working system
Erroneous PO2-sensor
Depth x10 [m]

Background	
		
Electronic	 closed	 circuit	 rebreathing	 apparatuses	 for	 diving,	 eCCR,	 have	
several	 advantages	 over	 Open	 circuit	 SCUBA,	 mainly	 related	 to	 gas	
consump3on	 and	 decompression	 3me.	 They	 are	 used	 for	 recrea3onal	
diving	but	also	within	the	military	and	the	commercial	markets.		
	
There	are	however	known	problems	related	to	the	complexity,	especially	
concerning	 the	 accuracy	 and	 analysis	 of	 the	 breathing	 gas	 composi3on.	
Specifically	iden3fied	as	a	safety	maTer	are	the	oxygen	sensors	and	their	
failure	modes.	These	are	mainly	related	to	
	
a)  non-linearity,		
b)  current	limita2on,		
c)  inaccurate	calibra2on	and	d)	invalid	signal,		
	
Where	the	characteris3cs	are	shown	in	the	figure	below.			
	
	
	
	
	
	
	
	
	
	
In	 the	 current	 state	 of	 the	 art,	 three	methods	 are	 used	 to	 increase	 the	
reliability	of	the	oxygen	measurement;		
	
1)  redundant	electronics	and	sensors,		
2)  vo2ng	logic	where	disagreeing	sensors	are	voted	out	and		
3)  sensor	valida2on	where	sensor	signals	are	validated	with	a	known	

gas	during	the	dive	either	automa2cally	or	manually.		

All	 these	 methods	 increase	 safety,	 however	 the	 first	 two	 methods	 are	
commonly	 cri3cized	 in	 that	 even	 redundant	 sensors	 share	 a	 common	
history	 and	 failures	 are	 therefore	 not	 independent	 events.	 A	 common	
objec3on	 for	 the	 valida3on	method	 is	 that	 it	 is	 usually	 done	with	 a	 gas	
with	 a	 par3al	 pressure	 below	 the	 set	 point	 and	 thus	would	 not	 test	 for	
non-linearity	and	limita3on	in	the	high	PO2	region.	
		
During	 the	Rebreather	 Forum	3	 consensus,	 there	was	 a	 call	 to	 improve	
oxygen	 measuring	 technologies	 as	 well	 as	 a	 considera3on	 of	 beneficial	
emerging	strategies.	This	suggested	method	 is	aimed	to	characterize	the	
sensor	reading	to	address	this	demand.		
	

By	performing	a	test-cycle	with	change	of	PO2	it	is	possible	to	determine	
an	erroneous	signal.	In	the	figure	below	it	is	shown	how	a	setpoint-change	
can	separate	the	characteris3cs.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
A	 method	 to	 perform	 con3nuous	 analysis	 while	 accep3ng	 a	 new	 start	
value	 for	 PO2	 during	 the	 dive	 is	 shown	 in	 figure	 below.	 That	 analysis	
shows	that	acceptable	values	can	be	narrowed	down	excep3onally.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Conclusions	
By	 analyzing	 the	 characteris3cs	 of	 the	 PO2	 output	 and	 predic3ng	 the	
outcome	 of	 the	 sensor-signal	 it	 is	 possible	 to	 determine	 an	 erroneous	
behaviour	 such	 as	 unlinear	 sensor,	 erroneous	 calibrated	 sensor,	 limited	
output	 sensor,	 frozen/blocked	 sensor	 and	 general	 system	 failures.	 The	
total	 amount	 of	 injected	 oxygen	 also	 reveal	 some	 erroneous	 systems.	 A	
test-cycle	is	used	to	confirm	or	disqualify	a	sensor	reading.	
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Possible PO2 values for fully functional eCCR (PO2-setpoint 1.3/0.7), FO2 Diluent 21%, Total system vol 10-18[l], VO2 2-2.5[l], max solenoid inj 9.4 [l/min]
Sensor needed: Ambient pressure
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Possible PO2 values for fully functional eCCR (PO2-setpoint 1.3/0.7), FO2 Diluent 21%, Total system vol 15-18[l], VO2 1-1.5[l], max solenoid inj 25 [l/min]
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Possible PO2 values for fully functional eCCR (PO2-setpoint 1.3/0.7), FO2 Diluent 21%, Total system vol 7-10[l], max solenoid inj 9.4 [l/min]
Sensor needed: Ambient pressure, VO2 (Solenoid injection,Rf)
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