


HISTORICAL DIVING SOCIETY CANADA 
Canadian Development of the Multi-Tissue 

Decompression Computer 

BY PHIL NUY'ITEN 

Part Two: 

This concludes Phil's 2006 
HDS Seattle Conference 
paper on the advent of the 
first dive computer by two 
Canadian pioneers. 

Analyzing the Threshold 
Current Data 

grossly inefficient as compared to 
the actual required decompression. 
The same sort of conservatism 
was particularly true in the case of 
multi-depth levels within a given 
exposure -the diver could spend 
80 per cent of a one-hour dive at 
various depths shallower than 60 
feet and make a single five-minute 
descent to 90 feet and be forced by 
the table convention to decompress 
as though the entire dive had been 
at the full depth. ftbecarnesome~atofaclllcken 

-and-egg situation. If the analog 
computer was truly representative 
of what went on in the body, then 
hundreds and even thousands of 

MKS-S Diver-carried computer plumbed directly into the casing of 
an "Aqua-Master" scuba regulator. 

From a gas-transfer standpoint, 
this type of multi-level dive would 
involve a constant rise and fall in the 

test dives could be made safely and the tables refined for the optimum 
balance between efficiency and safety, but the Kidd-Stubbs computer 
should be mechanically "programmed" for the tissue times of the "best" 
known tables, and the improvements started from there. So, what were 
the "best"-known tables? 

Kidd recalled, "So, first off, I started measuring and analyzing - in 
appalling detail- all of the various gas transfer theories that people had 
worked on and all the tunnel and caisson-worker's stuff Then I went 
through and got all the details of well-documented instances of serious 
decompression trouble- really bad bends or other pressure-induced 
ailments - hundreds and hundreds of them. Then I analyzed their 
decompression profiles to find out if that told me anything, and it did, 
quite a lot; because, of course, in each case they had exceeded the bubble 
threshold, and that was useful information:' 

Standard Tables (Prior to 1960) 
Since it was impossible to predict the multiple depth levels that could 

be experienced in a typical working dive profile, "standard" decompression 
tables always considered the worst-case situation; that is, the maximum 
depth attained for the total time of the dive - from leaving the surface to 
the beginning of the ascent. 

If the actual time and depth profile didn't match the standard table 
increments, the diver was instructed to always apply the next greatest 
depth and the next longest time. Thus, a 22-minute dive at 92 feet called 
for decompression as though the dive had been for 30 minutes at 100 feet. 
In this case, the dive tables would give a safe ascent time, but one that was 
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gas tensions of the fastest tissues, a 
layered involvement in the middle-rate tissues and a slow continuous gas 
flow into the slowest tissues. Standard mathematical calculations could, 
theoretically, consider these changing dynamics only by freezing them to a 
single instant in time- providing that the complete gas transfer history of 
thediveuptothattirnewasknownandcouldbecalculatedintotheequation. 
This was possible in theory, but virtually impossible in dynamic practice. 

The Kidd-Stubbs multi-tissue decompression computer changed that 
situation completely. 

Kidd continued: "By this time, we had reduced myverytedious analysis 
down to four tissue tensions and after much trial and error, we started in 
earnest in 1962. We did precise dives with various other tables and were 
able to see how those profiles compared with our physical model. After a 
few hundred dives and many adjustments- based on results- we began 
to see that we had something good:' 

Prior to the development of the Kidd-Stubbs DCS computer, the effects of 
a pressurization on the assigned gas-transfer speed to a tissue compartment 
(10-minute compartment, 20-minute tissue, compartment, etc.) were cal
culated manually, mathematically or by a slide rule-type computational aid. 

This historically standard process has been described as "labourious 
and extremely slow" by Kidd and Stubbs (1969). If the diver has exceeded 
the no-decompression limit for a given dive, then one or more of the 
compartments have a limiting "ceiling"- a shallower depth above which 
the diver may not safely go -lest the critical threshold be exceeded and 
bubble formation provoked. 
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MK6 Chamber Controller Recorder. 

In the Kidd -Stubbs unit the breathing gas is 
forced by ambient pressure through a resistive 

orifice into a known fixed-volwne container. The 
orifi.ce/volwne combination may be adjusted 
to give a particular diffusion rate, which then 
becomes the compartment speed in minutes. 

Since the rate of diffusion or gas transfer is rapid 
at the start and then tapers off (as equilibriwn is 
approached) a convention of table calculation has 
been to use tissue 'half-times; the time it takes a 

particular tissue to reach half the surrounding 
or "driving" pressure. 

Each of the tissue half-times were then 
assigned an inert gas ratio threshold. The values 

were initially settled on by observation of actual 
dive results, but the process varied widely with 
the experimental evidence available to the 
researcher. 

For example, for a tissue with a half-time of 

10 minutes, the ratios assigned by different 
sources were: 

U.S. Navy (1958) 2.6 (2.6:1) 

Royal Navy (1956) 2.4 
French Navy (1959 GERS) 2.3 
New York Caisson Workers (1958) 1.9 

Roy Stubbs had a friend who was both an 
engineer and had a good mechanical bent, so 

Kidd and Stubbs prevailed upon him to build 

their various analog computer prototypes. 

The initial Kidd-Stubbs computer models 

used four half-time tissue rates: 10/20/40/80 
minutes. The 10-minute compartment was 

assigneda2.6:1 critical ratio, and an experimental 
dive series was commenced to test those time 

and ratio values. 

The Dive Series 
The Kidd-Stubbs unit "breathed" the same 

gas that the diver breathed, experienced the same 
"see-saw'' pressure exposures, and displayed the 

state of each of the various pre-selected tissue

time compartments at a glance. 

The Kidd-Stubbsdeviceallowed the researcher 
to maximize the efficiency of decompression 
tables to a degree not previously possible. 

Consider this: In the final analysis, the only 
thing that matters to the diver is how shallow he 
or she may come, during the ascent from a dive, 
without exceeding the critical bubble formation 
threshold The faces of the various tissue pressure 
gauges on the Kidd-Stubbs computer could as 
easily be blank - with just a red line marking 
the threshold pressure of each tissue compart
ment. As long as all the needles of all the gauges 
are below the red line, the ascent may continue. 
When the needle on any gauge reaches the red 
line, the diver must stop there, until the falling 
needle has indicated a falling gas tension and the 
ascent can continue. It is not necessary for the 
diver to know the depth attained, the current 
depth, bottom time or the time to surface: Just 
watch the needles and they will bring you safely 
home (always providing that you have sufficient 
breathing gas, don't develop hypothermia, 
dehydration, or other unpleasantries). 

By"ridingthe curve" (as it is now called) the 
diver can maintain the maximwn safe pressure 
differential between tissue gas and ambient 
pressure. This gives the greatest driving force to 
gas outflow and results in the shortest possible 
comeback time for a given decompression dive. 

All of this is common practice today - in 
this era of miniature, wrist-mounted, multi-gas, 
decompression computers that neatly replace 
watches, depth gauges and gas supply gauges; 
but in the 1960s, to know the safe ascent ceiling, 
in real time, for an actual multi-level dive was 
nothing short of a miracle. 

After a dive series that produced no symp
tomatic DCS, the values were adjusted to be 
slightly less conservative, and then the series was 
repeated. Each dive series comprised about 500 
exposures, and then the computer values were 
adjusted according to observed results. The 
series of "production'' dives and the computer 
configurations were designated as Mark2, Mark 
3, Mark 5 and Mark 6. The nwnber of dives 
had reached nearly 4,000 by 1969 and involved 
more than 150 subjects ranging in age from 18 
to 56 years. By the end of the trial period, the 
incidence ofbends had dropped from 5 percent 
to 1.5 percent and finally to 0.5 percent. 
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The Results and the 
Computer Models 

During the 20-year period between 1962 
and 1982 more than 5,000 dives were made and 

monitored by the Kidd-Stubbs computer. 

A compact version of the Kidd-Stubbs pneu

matic analog unit had been developed at DCIEM 

(Defense and Civil Institute of Environmental 
Medicine), over the period of 1963/64, and was 

later ( 1969) put into limited production by Spar 

Aerospace Ltd., a well-recognized aviation spe
cialty manufacturer (the "Canada Arm" on the 

U.S. space shuttle) located in Ontario. This unit 

was designated as the MK2 through MK5 and 

much of the early field testing was carried out at 
Fleet Diving Unit-Pacific, located in Esquimalt, 

B.C. 

One of several permutations of the analog 
unit was a precise chamber control unit that 

included a full record of the dive profile, courtesy 

of a built-in Foxboro ugh recorder. This system 

was designated as the MK6 and was developed 
from 1966 through 1971. 

In 1975, a fully electronic version was devel
oped and called the "Digital Decompression 
Calculator:' 

Another electronic model series was pro

duced based on a reworking of all the data 

previously obtained. The series was called XDC 

and was designed as the last word in decompres

sion chamber dive controllers and recorders. 
Produced by Canadian Thin Films Ltd., this 

unit made possible the final development of 

the world-famous "DCIEM Decompression 
Tables:' Next came an updated unit called the 

"Cyberdiver XDC-3:' The DCIEM tables (with 

particular emphasis on the management of 

repetitive dives and dives at high altitudes) were 

the major work of a team ofDCIEM researchers 

and dedicated test subjects led by R. Y "Ron'' 

Nishi. His summation paper was published 
in 1982 and paid homage to the work ofKidd 

and Stubbs in its title: "DCIEM Decompression 

Tables For Compressed ASIR Diving- Based 
On The Kidd-Stubbs 1971 Moder' Nishi and 

the DCIEM team used a second-generation 

XDC computer called the XDC-2 to carry out 

the enormous number of dives required to fully 

validate the DCIEM tables. The DCIEM tables 
were originally considered an operational 'back

up" to the use of electronic dive computers like 
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(Left) 1976 bench model XDC-2 and earlier 1975 model on the right. 

the XDC-2, for field operations. The tremendous 

acceptance of these particular sdi.eduies by 
working divers, serious sport divers and instruc

tors worldwide was unexpected but, as Nishi 

has said, "very gratifying to all involved:' This 

author considers the development and testing 
of these tables such an important contribution 

to diving safety that they will form part two of 
this overview and will appear in a future issue 

of DNER magazine. Readers will be interested 

to know that today DCIEM is called Defence 

R&D Canada- DRDC. 

A Repetitive 'Dive' 
Repetitive dives have always been a serious 

problem to diving physiologists and researchers 
- at least until the development of the Kidd

Stubbs device. From a 2006 interview with D.J, 

"Piet"Kidd: 

"In the mid '60s I was in the chamber in 

Toronto- deep, about300 feet (91m) or some

thing - and we got a call from the east coast 

about a bad diving accident. I was the one who 

did most of the rushing back and forth on these 

things, getting involved in the treatments. That 

was one ofbest outcomes of our work: We had a 

really good handle on treatment by then. Anyway; 
I was down in the chamber and I had to get to the 

east coast [Halifax]. I had to decompress from 

that dive. In the meantime, we'd organized an 

aircraft to take me from Downsview [military 

airfield in Toronto]. As soon as I could surface, 

I did so - then grabbed all my bits and pieces 

and went to the aircraft. Of course, I had my 
computer stilT running from the chamber dive 

and it showed the altitude limit. So I arranged 
with the pilot not to go above a certain ceiling 
and up we went. When I got to the chamber, I 

entered the lock and was compressed down to 
165 feet (50m)- we were treating on table 4 
- and transferred in with the patient and the 

attendant. All the while, my computer was run
ning, keeping exact track of my exposure level 

, since it had been breathing the same gas that I 
was and had been subjected to the same initial 
dive pressure, the subsequent decompression, 

the flight at reduced altitude, and then the repeti
tive dive to 165 feet (50m) and the subsequent 
decompression from that dive. All of this, it 
handled without incident - and bloody good 

job that it did!" 

DIGITAl DECOMPF~ESSION CALCULA 
1975 

Digital decompression calculator, 1975. 
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XDC-3 Cyber Diver computer. 

Conclusion 
In conclusion, this brief overview serves to 

draw attention of diving historians to the work 
ofDJ "Piet'' Kidd and the late Royston A Stubbs 
in the development of the first decompression 
computers. Whether used by an enthusiastic 
amateur or a long-term technical or commercial 
diver, each time a diver surfaces safely; assisted 
by a dive computer, their well-being is as least 
partially the result of the efforts of these pioneer
ing Canadian researchers. 
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Objectives 

• Brief history of dive 
computers 

• Dive computers today 
• How dive computers 

work 
• Limitations of dive 

computers 
• Diving recommendations 



Dive computer origins 

• 1951 Committee for 
Undersea Warfare and 
Underwater Swimmers 

• Groves & Monk report 
on how to control free 
swimming diver 

• Preliminary design for 
diver-carried 
decompression device  

• Pneumatic computer 
design sent to Foxboro 



Foxboro Decomputer Mark 1 



SOS Decompression Meter 



DCIEM Pneumatic Dive Computer 
Kidd – Stubbs Serial Model 

• Four compartment pneumatic 
computer 

• Extensively tested  
• Expensive to maintain 
• Basis of Kidd – Stubbs model 



DCIEM Digital Decompression 
Computers – XDC-3 (Cyberdiver) 





Dive computer revolution - 1983 
EDGE – 12 compartment model (based 
on Spencer, et al. doppler studies & 
reduced No-D limits) 
 
DECOBRAIN – Swiss Tables – 
Bühlmann (5 sets – MLD allowed) 





Make & Model 

Suunto 
Favor S 

 

 

Mares 
Surveyor 

 

Oceanic 
Versa 

 

 

Uwatec 
Aladin Pro 

 

 

Uwatec 
Aladin Sport 

Plus 

 

Dive Rite 
B’Air 

 

 

Mares 
M1 

 

Uwatec 
Aladin Pro 

Ultra 
 

 

Suunto 
Mosquito 

 

 

Full Deco Info Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Nitrox-Compatible No No No No No No Yes Yes Yes 

Variable PO2 Setting No Yes No No via Data 
Talk 

No Yes via Data 
Talk 

Yes 

Air-Integrated No No No No No No No No No 

Algorithm Type Suunto Modified 
Haldanian 

MH 12T 
C* 

ZH-L8 
ADT 

ZH-L8 ADT Buhlmann 
ZH-L16 

Modified 
Haldanian 

ZH-L8 ADT Suunto 
RGBM 

Gas-Switching No No No No No No No No No 

Push-button/Wet 
Contact 

Wet-
contact 

Both Both Wet-
contact 

Wet-contact Push-button Push-button Wet-contact Push-button 

Adjustable Degrees of 
Caution 

Yes Yes No No No No Yes No Yes 

Dive-Plan Mode Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Dive-Simulator Mode No Yes No No No No Yes No No 

Variable Algorithm 
Choice 

No No No No No No No No No 

Audible & Visual 
Warnings 

Yes Yes No Yes Visual only Yes Yes Yes Yes 

PC-Compatible No Yes No Yes Yes No Yes Yes Yes 

Ascent Rate Type Fixed Variable Variable Variable Variable Fixed Variable Variable Fixed 

Displayed Safety Stop Yes Yes No No No No Yes No Yes 

Gauge (Trimix) Mode to 80m to 150m No No No No to 150m No No 

Current Local Time Yes Yes Yes No No Yes Yes No Yes 

 * Modified Haldanian 12 Tissue Compartments (Rogers & Powell) 

Source: www.divernet.com     

 



Make & Model 

Suunto 
Vyper 

 

 

Beuchat 
CX2000 

 

 

Dive Rite 
Nitek 

 

 

Oceanic 
Versa Pro 

 

 

Cressi 
Archimede 

 

 

Cochran 
Commander 

 

 

Buddy 
Nexus 

 

 

Uwatec 
Smart Pro 

 

 

Suunto 
Stinger 

 

 

Aladin  
Air L 

 

Full Deco Info Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Nitrox-Compatible Yes 32 & 36 Yes Yes Yes Yes Yes Yes Yes No 

Variable PO2 Setting Yes No Yes Yes Yes Yes Yes via Smart 
Trak 

Yes via Data 
Talk 

Air-Integrated No No No No No No No No No Yes 

Algorithm Type Suunto 
RGBM 

Comex Buhlmann 
ZH-L16 

MH 12T C* Buhlmann 
ZH-L16 

Cochran 16 Buhlmann/ 
Hamilton 

ZH-L8 ADT 
MB 

Suunto 
RGBM 

ZH-L8 ADT 

Gas-Switching No No No No No 2 Mixes 2 Mixes No No No 

Push-button/Wet 
Contact 

Push-
button 

Wet-
contact 

Push-
button 

Both Push-
button 

Wet-
contact 

Wet-
contact 

Wet-
contact 

Push-
button 

Wet-
contact 

Adjustable Degrees of 
Caution 

Yes Yes No No Yes Yes Yes Yes Yes No 

Dive-Plan Mode Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Dive-Simulator Mode Yes Yes No Yes Yes No Yes No No No 

Variable Algorithm 
Choice 

No No No No No No No Yes No No 

Audible & Visual 
Warnings 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

PC-Compatible Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Ascent Rate Type Fixed Variable Fixed Variable Variable Either 
selectable 

Variable Variable Fixed Variable 

Displayed Safety Stop Yes No No No Yes Yes No No Yes No 

Gauge (Trimix) Mode to 80m No No to 99m No to 100m No to 120m to 80m No 

Current Local Time Yes Yes Yes Yes Yes Yes No No Yes No 

Source: www.divernet.com     

 



Make & Model 

Oceanic 
DataMax Pro 

Plus 

 

Suunto 
Cobra 

 

 

Uwatec 
Smart 
Com 

 

Aladin 
Air Z 

 

 

Aladin 
Air Z 

Nitrox 

 

Cochran 
Gemini 

 

 

Suunto 
Vytec 

 

 

Aladin 
Air Z O2 

 

 

Dive Rite 
Nitek3 

 

 

Full Deco Info Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Nitrox-Compatible Yes Yes Yes No Yes Yes Yes Yes Yes 

Variable PO2 Setting No Yes via Smart 
Trak 

via Data 
Talk 

via Data 
Talk 

Yes Yes via Data 
Talk 

Yes 

Air-Integrated Yes Yes Yes Yes Yes Yes Optional Yes No 

Algorithm Type MH 12T C* Suunto 
RGBM 

ZH-L8 ADT 
MB 

ZH-L8 ADT ZH-L8 ADT Cochran 
16 MB 

Suunto 
RGBM 

ZH-L8 ADT Buhlmann 
ZH-L16 

Gas-Switching No No No No No 3 mixes 3 mixes No 3 mixes 

Push-button/Wet Contact Push-button Push-
button 

Wet-
contact 

Wet-
contact 

Wet-
contact 

Wet-
contact 

Push-button Wet-
contact 

Push-
button 

Adjustable Degrees of Caution No Yes Yes No No Yes Yes No No 

Dive-Plan Mode Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Dive-Simulator Mode No Yes No No No No Yes No No 

Variable Algorithm Choice No No Yes No No No RGBM 
100/50 

No No 

Audible & Visual Warnings Yes Yes Yes Yes Yes Yes Yes Yes Yes 

PC-Compatible Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Ascent Rate Type Variable Fixed Variable Variable Variable Either 
selectable 

Fixed Variable Fixed 

Displayed Safety Stop No Yes No No No Yes Yes No No 

Gauge (Trimix) Mode No to 80m to 120m No No to 100m to 80m No No 

Current Local Time Yes Yes No No No Yes Yes No Yes 

Source: www.divernet.com     

 



• 19 min. -  Oceanic Versa / Aeris Atmos 
                 NiTek 1 (0) / Sherwood Wisdom 
  Zeagle Status (0) 

• 17 min. -  Suunto Solution (A0) 
                 Suunto Vytek (P0/A0) 
  Cochran Commander + 

• 16 min. -  Dacor Darwin (P0) 
                 Cressi Archimedes (SF0) 
                 UWATEC Aladin Sport 
  Seac Sub Aqualab / TUSA IQ-600 

• 14 min. -  Suunto Solution (A1) 
                 Suunto Vytek (P0/A1 or  P1/A0)                                                                                 
  Cressi Archimedes (SF1)               

Dive computer comparison 
(100 fsw / 30 msw  No-Stop Limits) 



• 13 min. -  Dacor Darwin (P1) 
• 12 min. -  NiTek 1 (1) / Zeagle Status (1) 
• 11 min. -  Suunto Solution (A2) 

                 Suunto Vytek (P0/A2, P1/A1, or P2/A0) 
                 Dacor Darwin (P2) 

•   9 min. -  Suunto Vytek (P1/A2 or P2/A1) 
                 Dacor Darwin (P3) 

•   7 min. -  Suunto Vytek (P2/A2)  
 

Dive computer comparison 
(100 fsw / 30 msw No-Stop Limits) 



Dive computer model adjustments... 
ten computers in one? 

• RGBM 100%: 
– P0/A0 
– P0/A1 or P1/A0 
– P0/A2, P1/A1 or P2/A0 
– P1/A2 or P2/A1 
– P2/A2 

 
• RGBM 50%: 

– P0/A0 
– P0/A1 or P1/A0 
– P0/A2, P1/A1 or P2/A0 
– P1/A2 or P2/A1 
– P2/A2 





130 fsw multi-level dive 
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PADI / DSAT Recreational 
Dive Planner Tests 
Profile #12: 
 19 Person-Dives 
 0 Cases DCS 
 2 Cases Grade I VGE 



130 fsw multi-level dive 
(11 min. elapsed @ 130 fsw) 

-15 -12 -9 -6 -3 0 3 6 9 12 15

Time (min.)

Vytec

Smart Pro

Archimedes

M1

Darwin

Solution

Nemesis

Edge

Versa

Atmos 1

Versa Pro

Pro Plus

Atmos ai

Atmos 2

Required Decompression Time No-Decompression Time 



130 fsw multi-level dive 
(12 min. @ 70 fsw) 

-15 -12 -9 -6 -3 0 3 6 9 12 15

Time (min.)

Vytec

Smart Pro

Archimedes

M1

Darwin

Solution

Nemesis

Edge

Versa

Atmos 1

Versa Pro

Pro Plus

Atmos ai

Atmos 2

Required Decompression Time No-Decompression Time 



130 fsw multi-level dive 
(28 min. @ 45 fsw) 

-15 -12 -9 -6 -3 0 3 6 9 12 15

Time (min.)

Vytec

Smart Pro

Archimedes

M1

Darwin

Solution

Nemesis

Edge

Versa

Atmos 1

Versa Pro

Pro Plus

Atmos ai

Atmos 2

Required Decompression Time No-Decompression Time 



165 fsw / 12 min. decompression dive 
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? 
Catalina Hyperbaric Chamber  
165 fsw orientation dive 
modified 170 fsw / 15 min. 
DCIEM deco schedule: 
 6 min. @ 30 fsw 
 7 min. @ 20 fsw 
 10 min. @ 10 fsw on O2 
 

 >800 person dives 
 1 questionable DCS 
~10% VGE (grades I or II) 



165 fsw / 12 min. decompression dive  
(time to clear decompression obligation @ 30 fsw) 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Time (min.)

M1

Darwin

Archimedes

Smart Pro

Vytec

Solution

Atmos 2

Versa Pro

Versa

Atmos ai

Nemesis

Atmos 1

Pro Plus

Edge



How do dive 
computers work ? 



• depth and time input 
• decompression status computed from 

pre-programmed model 
• decompression status displayed to 

diver 
• diver uses this status as one other 

piece of information to make decisions 
about the dive, while understanding 
the limitations of the dive computer 
– E.g. begin ascent when no less than 1 minute displayed as no-

decompression time on computer. 

Dive computers 



Pressure 
Transducer 

A/D 
Converter Microprocessor 

Battery DI SPLAY 

Clock ROM RAM 

Ambient 
Pressure 

Device Housing 





U.S. Navy No-D Table 
dive profile resolution 

140 possible 
depth/time entries 



Dive computer profile resolution 
(transducer resolution = 0.5 fsw / update interval = 3 sec) 

10 fsw depth range over 1 minute 
400 square-wave profiles / 2020 total profiles 
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Square-wave vs. multi-level dive 
Dive computer with U.S. Navy model 
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Dive Computer vs. Navy Table 
 
 

•  If diving a single square dive profile: 
•  More allowable bottom time with US Navy Tables 
•  Less allowable bottom time with a dive computer 
 
 

•  If diving a multilevel dive profile: 
•  More allowable bottom time with dive computer 
•  Less allowable bottom time with US Navy Tables 



EDGE simulator 
120 fsw / 20 min. 
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EDGE simulator 
70 fsw / 15 min. 
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EDGE simulator 
20 fsw / 20 min. 
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EDGE simulator 
After 30 min. surface interval 
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Dive computers 
Advantages 

• No max depth / entire 
bottom time rule 

• Uses actual depth of dive 
(51 vs. 60 fsw) 

• Integrates dive profile 
• Entire model used to 

calculate MLDs 
• Computational reliability 
• Accurate depth readings 

(±1-2 fsw) 
• Ascent rate warnings 
• Dive profile recording 

Disadvantages 
• No max depth / entire 

bottom time rule 
• Uses actual depth of dive 

(51 vs. 60 fsw) 
• Integrates dive profile 
• If computer pushed to limit 

– model pushed to limit 
(model testing?) 

• Possible mechanical or 
electrical failure 

• Diver needs to understand 
limitations of the computer 



depth 
time 

ascent rate 
temperature 

profile sequence 
breathing mixture 

exertion level 
physical condition 
limb positioning 
hydration level 

age 
body composition 

 

What do the dive computers “know”? 

Theories and models vs. reality 
Factors influencing DCS susceptibility 





Abuse of dive computers 
• Pushing dive computers to their limits 
• Exceeding model and/or tested limits 
• Blindly trusting the dive computer 
• Exceeding dive computer operational limits 
• Ignoring decompression requirements 
• Turning off dive computer to clear residual 

nitrogen 
• Continuing to dive with a dive computer that did 

not turn on for the first dive 
• Switching dive computers during a day of diving 
• “Hanging” dive computer to clear warnings and 

preventing “freeze-up” 



Dive computer information 
depths 

(maximum/average) 
times 

(dive/surface/start & end) 
warnings 

(ascent/into deco/deco violation/low air) 
decompression status 

(end of dive loading/maximum loading/ 
minimum No-D time/omitted deco time) 

temperatures 
(maximum / minimum) 

dive profiles 
(downloader required for most) 



Dive profile 
recorders 



Dive computer interrogation  
• Was the dive computer worn by the diver? 
• Was it worn on all the  

dives done by the diver? 
• Is the date and time set  

properly? 
• Was it set for the gases  

used on the dive? 
• What information can be 

obtained & how (manual)? 
• How does it record dive 

profiles? 
• What downloader and software is needed? 



Dive computer downloaders 





Summary 
• Dive computers are only tools 
• Over 75 dive computer models in 2003 – many more 

older models 
• Very limited human subject testing 
• Many allow algorithm adjustments 
• Selection tends to be based on the features and 

functions desired 
• They do not know what is going on in your body, no 

matter what their advertising says… 
• They can provide valuable post-dive information 
• and REMEMBER… 



NO TABLE OR 
DIVE COMPUTER 

IS 
100% EFFECTIVE 
IN PREVENTING 

DECOMPRESSION SICKNESS 



PT(n) = P0(n) + 
  (Pa - P0(n)) ∙ 
  (1 – e(kt/T½(n))) 
 
M(n) = M0(n) + 
  ΔM(n) ∙ Depth 

 

A Mathematical Model 

Does Not A Body Make! 



Models, tables, and computers produce 
dive profile envelopes that are hopefully 

safe for most of the people most of the time 



What about safety stops? 
15’-30’/:03-:05 required on every dive 

• Decreases decompression stress 

• Reduces bubble formation 

• On shallow dives stops help slow 
down ascents 

• Don’t blow by safety stop because 
you are near your No-D limit 



What about deep stops? 

• Direct ascent from deeper depths to the safety stop 
produces a large pressure gradient in “fast” tissues 

• Short deep stop helps reduce the pressure gradient 
• Stop half-way between max. depth of dive and safety 

stop depth for ~1 min.  
(Depth = 100 fsw : Safety Stop = 20 fsw : 
  Stop at 60 fsw for 1 min. on ascent to 20 fsw) 

• This time should be considered part of your bottom 
time 



Exercise and diving 
• Hydration before and after dive ( blood perfusion & 

gas exchange) 
• Heavy exertion 

– before the dive ( micro bubble formation) 
– during the dive ( inert gas uptake) 
– after the dive ( micro bubble formation ) 

• Mild activity at safety stop ( inert gas washout) 
• Holding things tightly or bending limbs tightly during 

the dive, especially on ascent and at safety stop ( inert 
gas washout) 

• Laying down or sleeping after dive ( inert gas 
washout) 



Diving safety regulations 
Diving Safety Regulations 
 It has long been the position of the Smithsonian 

Institution that the ultimate responsibility for safety 
rests with the individual diver.  Buoyancy 
compensation is critical in slowing ascent rates and 
fundamental to safe diving practices. 
 

A. Dive Computers 
1. Only those makes and models of dive computers 

specifically approved by the SDCB may be used.  In 
2004, the SDCB has approved Suunto, Uwatec, and 
Orca Industries models. 

2. Each diver relying on a dive computer to plan dives 
and indicate or determine decompression status must 
have his/her own unit and be proficient in its use.  It is 
strongly recommended that each diver also dive with 
a back-up dive computer. 



3. A diver should not dive for 18 hours before 
activating a dive computer to use it to control his/her 
diving.  Once the dive computer is in use, it must not 
be switched off until it indicates complete off-
gassing has occurred or 18 hours have elapsed, 
whichever comes first.  Only 1 dive on the dive 
computer in which the NDL of the dive computer has 
been exceeded may be made in any 18 hour period. 

4. On any given dive, both divers in the buddy pair 
must follow the most conservative dive computer. 

5. If the dive computer fails at any time during the dive, 
the dive must be terminated and appropriate 
surfacing procedures should be initiated 
immediately. 

6. Breathing 100% oxygen above water is preferred to 
in-water air procedures for omitted decompression. 
 

 



B. Ascent Rates 
7. Ascent rates shall be controlled at 30 fsw/min from 

60’ and not exceed 60 fsw/min from depth.  
8. A stop in the 10-30 fsw zone for 3-5 min is required 

on every dive. 
9. Dry suits shall have a hands-free exhaust valve. 
10. A buoyancy compensator is required with dry suit 

use for ascent control and emergency flotation.  
BCs shall have a reliable rapid exhaust valve which 
can be operated in a horizontal swimming position. 
 

C. Dive Profiles 
11.Multi-day repetitive diving requires that a non-

diving day be scheduled after 6 consecutive diving 
days. 

12.Reverse dive profiles are not prohibited for no-
decompression dives less than 130 fsw (40 msw) 
with depth differentials less than 40 fsw (12 msw). 

 
 

 



D. Nitrox 
13. A PO2 of 1.6 atm is the maximum limit for nitrox use 
14. Standard scuba equipment is approved for use with 
   nitrox up to 40% oxygen content. 
15. Oxygen analysis of the breathing gas is to be 
   performed by the blender and/or dispenser and 
   verified by the diver using a controlled-flow sampling 
   device. 

 
 



Scientific diver’s responsibilities  

• Acknowledge risk involved 
• Understand limitations of dive 

computers and tables 
• Don’t push dive computers or tables to 

their limits 
• Add safety factors 
• Don’t think of dive computers as anti-

DCS Talismans 
• Use COMMON SENSE! 



What dive 
computer were 

you using? 

It was 
YELLOW 
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ABSTRACT
Most dive computer comparisons address responses to fixed decompression table schedules or fabricated dive profiles. This study tests the potential for evaluating dive computer algorithms by exposing them to profiles that have known human subject results. 
Fifteen dive computers were exposed to profiles with either “high,” “moderate,” or “low” risk ratings, based on occurrence of decompression sickness and Doppler score outcomes from human subject dives. Profiles fell within, and slightly outside, the standard 
operational range of recreational divers. The profiles included a multi-day, multi-level repetitive dive series of  “low risk” profiles (<130 fsw [500 kPa]), two “moderate risk” multi-level single dives (130 fsw & 60 fsw [286 kPa] maximum depths), a “moderate risk” short 
165 fsw (609 kPa) decompression dive, and a “high risk” long 36 msw (466 kPa) decompression dive. Remaining no-decompression time (NDT), or required total decompression time (TDT), was recorded from each computer prior to departure from each depth in 
the profile. The results from the multi-day multi-level “low risk” profiles ranged from three computers requiring decompression following the first dive of the first day to five computers completing all nine dives within their no-decompression limits. The “moderate risk” 
single multi-level dive results ranged from 20 minutes NDT to 19 minutes TDT at the end of one of the dives. None of the computers permitted the “high risk” decompression profile. However, all cleared before the end of the first 30-fsw decompression stop of the 
“moderate risk” 165-fsw decompression profile. Response to the 165-fsw dive indicates that more conservative dive computer algorithms would be appropriate for short deep decompression dives. Since dive computer manufacturers do not validate their algorithms 
with human subject tests, running the algorithms against a battery of previously tested dive profiles provides some rudimentary level of validation.

PERFORMANCE OF DIVE COMPUTERS EXPOSED TO PROFILES WITH 
KNOWN HUMAN SUBJECT RESULTS

Karl E. Huggins M.S.
Catalina Hyperbaric  Chamber, Wrigley Marine Science Center

University of Southern California, Santa Catalina Island, California, USA.

BACKGROUND
In the 20 years since the introduction of commercially viable dive computers their 
popularity has grown to a point where the vast majority of recreational divers 
utilize them to determine their decompression status. In 1983, there were only 
two models of microprocessor based dive computers available. In 2003, the 
number of dive computer models on the market exceeded 75, based on 
approximately 15 different decompression algorithms.
This growth of the dive computer market did not generate concomitant studies to 
evaluate the efficacy of the decompression models programmed into the devices. 
Only a few studies evaluated dive computer algorithms using human subjects.
Most dive computer algorithm evaluations have been comparisons to fixed 
decompression table schedules or results of running the computers through 
generic recreational dive profiles with no human subject outcome data.
This study tests the potential for evaluating dive computer algorithms by exposing 
them to profiles that have known human subject results. This technique has been 
utilized in the past, most notably by Edmonds who compared dive computer 
responses to a series of bounce dives to 140 fsw and 147 fsw (532 kPa to 554 
kPa).

METHODS
The fifteen dive computers that were tested and their decompression algorithms 
are listed in Table 1. Of these, twelve were 2003 models that had been evaluated 
by Scuba Diving Magazine at the Catalina Hyperbaric Chamber and retained for 
this study. The remaining three were older dive computer models (shaded area in 
Table 1).
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Figure 4: Dive computers in water bath used for tests.

The fifteen dive computers were exposed to profiles categorized with either 
“high,” “moderate,” or “low” risk ratings, based on occurrence of decompression 
sickness (DCS) and Doppler bubble score (VGE) outcomes from human subject 
dives. Decompression requirements calculated by the dive computers were 
compared to the tested decompression schedule and conclusions about the 
decompression algorithm were based on the dive computer’s response to the 
profile (Table 2).

Table 1: Dive computers and their decompression algorithms.

Profiles fell within, and slightly outside, the standard operational range of 
recreational divers. The profiles included:

Algorithm 
Conservativeno conclusionsno conclusions

Greater than
tested profile

no conclusions
Algorithm too Liberal

Moderate Risk
Algorithm too Liberal

High Risk
Less than

tested profile

“Low” Risk
No DCS
No VGE

“Moderate” Risk
No DCS

Low to Moderate VGE

“High” Risk
DCS

High VGE

Dive Computer
Decompression
Requirements

Profile Risk Rating

Table 2: Risk rating vs. dive computer response to profile.

• A multi-day, multi-level repetitive dive series of  “low risk” profiles (<130 fsw 
[500 kPa]) from the Orca EDGE tests

• Two “moderate risk” multi-level single dives (130 fsw & 60 fsw [286 kPa] 
maximum depths) from the PADI/DSAT RDP test series (MLD 1 & MLD 2)

• A “moderate risk” short 165 fsw (609 kPa) decompression dive from the 
Catalina Hyperbaric Chamber historical exposures (DECO 2)

• A “high risk” long 36 msw (466 kPa) decompression dive from a DCIEM Air 
Decompression study (DECO 1)

RESULTS
The Uwatec Smart Com computer went into service mode after testing the “high” 
stress decompression profile and one of the “moderate” risk profiles. 
Results from the multi-day multi-level “low risk” profiles (Figure 1) ranged from 
three computers requiring decompression following the first dive of the first day to 
five computers completing all nine dives within their no-decompression limits 
(Table 3). The Oceanic and Aeris computers (along with the EDGE) made it 
through all nine dives without needing to be reset. The Atmos 1 and Versa went 
into decompression at the end of the first day and cleared out of error mode by 
the next morning. However, the Smart Pro went into decompression at the end of 
the first dive and did not clear out of error mode until the morning after the third 
day of diving. The Archimede did not activate at the start of the first dive and only 
calculated two days of diving. The Nemesis II was not activated at the start of 
second dive. 
The “moderate risk” single multi-level dives (Figure 2) results ranged from 11 
minutes NDT to 12 minutes of TDT at the end of MLD 1 (Table 4) and from 20 
minutes NDT to 19 minutes TDT at the end of one MLD 2.
None of the computers permitted the “high risk” decompression profile (Figure 3). 
However, all cleared before the end of the first 30-fsw decompression stop of the 
“moderate risk” 165-fsw decompression profile.

A = Air time remaining – NDT greater than this time
T = Tank not turned on - 0 minutes air time remaining
V = Violation mode – TDT from previous dive not completed 
R = Reset dive computer at start of day after going into violation the day before
*Maximum NDT displayed

No-Decompression Time (+) or Required Decompression Time (-)
at the end of the last step in the dive profile (minutes)

Dive 
Computer

Day 3Day 2Day 1
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Dive 3Dive 2Dive 1Dive 3Dive 2Dive 1Dive 3Dive 2Dive 1

Day 1 - Dive 1

0
20
40
60
80

100
120
140

0 5 10 15 20 25 30 35 40 45 50 55
Time (min)

D
ep

th
 (f

sw
)

Day 1 - Dive 2

0
20
40
60
80

100
120
140

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Time (min)

Day 1 - Dive 3

0
20
40
60
80

100
120
140

0 5 10 15 20 25 30 35 40 45
Time (min)

Day 2 - Dive 1

0
20
40
60
80

100
120
140

0 5 10 15 20 25 30 35 40 45 50 55
Time (min)

D
ep

th
 (f

sw
)

Day 2 - Dive 2

0
20
40
60
80

100
120
140

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Time (min)

Day 2 - Dive 3

0
20
40
60
80

100
120
140

0 5 10 15 20 25 30 35 40 45
Time (min)

Day 3 - Dive 1

0
20
40
60
80

100
120
140

0 5 10 15 20 25 30 35 40 45 50 55
Time (min)

D
ep

th
 (f

sw
)

Day 3 - Dive 2

0
20
40
60
80

100
120
140

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Time (min)

Day 3 - Dive 3

0
20
40
60
80

100
120
140

0 5 10 15 20 25 30 35 40 45
Time (min)

Figure 1: Orca Multi-day, multi-level repetitive dive series.

Figure 2: Multi-level dives from PADI/DSAT RDP test series.

Figure 3: Decompression dives from DCIEM (36 msw) and 
Catalina Hyperbaric Chamber (165 fsw).

12 People Exposed to Entire Series
0 Cases DCS / No VGE

Table 3: Response of dive computers to multi-day, multi-level 
repetitive dive series.

The dive computers were immersed in water inside the chamber (Figure 4). The 
depth of the chamber was determined by a 3-D Instruments 70 msw (711 kPa) 
gauge calibrated to ¼% full-scale accuracy. The dive computers were monitored 
with the chamber’s inside camera and videotaped to allow post-dive review. 
Remaining no-decompression times (NDT), or required total decompression 
times (TDT), were recorded from each computer one minute prior to departure 
from each depth in the profile.
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Time after reaching 
30 fsw until 

decompression 
obligation cleared 
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Required Deco 
prior to ascent

Ceiling / 1st Stop / 
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No-Deco Time (+) or 
Required Deco Time (-)

at the end of the last step in the 
dive profile (minutes)
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Computer
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Table 4: Response of dive computers to multi-level no-
decompression and decompression dives

DISCUSSION

Since dive computer manufacturers do not validate their algorithms with human 
subject tests, running the algorithms against a battery of previously tested dive 
profiles provides some rudimentary level of validation. Since most dive 
computer manufacturers do not release their decompression algorithms it is 
very difficult to run simulations on a personal computer. Running the computers 
side-by-side in a chamber is the next option. This allows the computers to be 
simultaneously exposed to a specific controlled profile.

There were striking variations between decompression algorithms. Variations 
within algorithms were minimal with the exception of the Oceanic and Aeris
computers at 40 fsw. This is likely due to pressure transducer variations and 
decompression control switching between compartments at ~40 fsw. A deeper 
depth reading will give shorter NDT based on a faster compartment while a 
shallower reading gives a longer NDT based on a slower compartment.

None of the dive computers received a “high” risk rating. They all required more 
decompression than the tested DCIEM “high” risk decompression profile. 
However, they all received a “moderate” risk rating when compared to the 
standard Catalina Hyperbaric Chamber 165-fsw orientation dive. Response to 
the 165-fsw dive indicates that more conservative dive computer algorithms 
would be appropriate for short deep decompression dives.

The Oceanic and Aeris dive computers received a “moderate” risk rating by 
permitting additional NDT when run against the PADI/DSAT RDP test profiles. 
For MLD 1 they permitted 9-11 additional minutes of NDT and to a lesser extent 
with MLD 2 where the Atmos ai allowed 8 additional minutes and the Pro Plus 2 
allowed 20 minutes more. This is of interest since the Rogers/Powell model in 
these computers is based on the PADI/DSAT RDP model and testing.
However, the M1 and Darwin which use a version of the Rogers/Powell model 
end up with a “low” risk rating due to their conservative responses.

From the “low” risk multi-day, multi-level repetitive dive series the Archimede, 
Darwin, M1, and Smart Pro were rated as very conservative, by not allowing the 
first dive of the day to be performed without requiring decompression. The 
Atmos 1, Solution, Versa, and Vytec and were rated as conservative since they 
ended up in decompression at the end of Day 1 – Dive 3. It is notable that both 
the Atmos 1 and Versa required the same decompression while the other 
computers in their algorithm group allowed 44-53 minutes of additional NDT.

Establishing a battery of previously tested dive profiles against which to run 
dive computer decompression algorithms would permit dive computer 
manufacturers to test their algorithms without the need of human subjects tests 
and could provide a baseline for dive computer comparisons. Any suggestions 
for additions to this profile pool would be welcomed.
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