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I thank all of you for coming to participate in this workshop. We' ve put a
considerable amount of time and effort into the organization and planning of it, so I feel
confident that we will be able to work together very well and get some good results. The
workshop should prove interesting because we have a nice cross-section of participants
here: scientists, manufacturers, training agency representatives, scientific diving officers,
cave divers, professional divers, hyperbaric chamber directors and decompression experts.
Everyone will contribute to the workshop to some degree, which is why you' re here.
We' ve had a good start coming over on the Sea Watch, which proved fairly uneventful.
Please refer to your program and notice how full it really is. We' ll be keeping a tight
schedule, so that we may accomplish what we set out to do.

Next, I will introduce the speakers and briefly outline the program. I also
acknowledge the speakers who delivered their papers as requested, following author' s
instructions and with a floppy disk. [This was followed by a self-introduction of
participants].

The AAUS is a group that was formed in the late 1970's with a specific purpose. At
the time, it was to make sure that the scientific diving community, which had been
operating under the model originating from Scripps Institution of Oceanography, would
gain exemption from the OSHA commercial diving standards. In addition, the scientific
diving community wished to continue its self-regulating procedures. We did not feel those
standards represented the safety and scientific needs of the scientific diver. After about
eight years of hearings and meetings, the exemption was granted.

The AAUS holds annual scientific diving meetings, the first through fourth of
which were held at Scripps Institution of Oceanography. In 1985, also at S.I.O., a Joint
International Scientific Diving Symposium was held with the Scientific Committee of
CMAS  World Underwater Federation!. As a national organization, the AAUS held its
annual meeting at Florida State University in Tallahassee in 1986, at the University of
Washington in Seattle in 1987, at Scripps Institution of Oceanography this week, and at
Woods Hole Oceanographic Institution in 1989. The Academy publishes yearly pre-
symposium proceedings. The symposia provide an excellent forum for the dissemination of
information between different sectors of the diving and science communities.

The guidelines for the management of diving programs is one of the main efforts of
the AAUS. This results in a national, consensually derived, diving safety manual:
Standards for diving certification and operation of scientific diving programs.

Every scientific diving program has two major components: the Diving Control
Board and the Diving Safety Manual. The major scientific institutions across the U.S. with
a scientific diving program have been able to standardize this diving manual, so that we' re
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actually all diving the same way. We need this reciprocity because of the many projects
which simultaneously involve scientists from various governmental, state or university
programs. It makes sense for a diver trained at Woods Hole Oceanographic Institution to
come to the West Coast and not have to jump through the hoops again at Scripps Institution
of Oceanography. What we are basically accepting is the training and experience scientific
divers bring with them from their home institution. The manual is a living document, has
been revised twice to reflect state-of-the-art equipment, procedures and training concepts,
and is now slated for another revision.

The types of diving we do is typically no-decompression diving. We' ve been
looking at several alternate modes of diving, to be used as tools by the underwater scientist,
such as nitrox diving, tether diving and the use of dive computers. The practice of scientific
diving is really a continuously evolving process.

The current guidelines, and part of the reason we are here, were discussed at our
last Diving Officer's Meeting in Seattle. We felt dive computers left many questions to be
addressed. Examples are: Should each buddy have one? What do you do when the unit
floods? Can you go back to the tables? Several answers to many of our questions resulted
in tentative guidelines for the use of DC's, which we' ll be able to use as a starting point to
develop a thorough set of guidelines on how to use these dive computers. Are they
applicable to scientific diving? As you look through the program, several papers are directly
addressing these questions, so I hope we will produce some objective, valid information
which we can then disseminate to all sectors of the diving community. I' ll leave the
presentation of the issues up to Andy, since he's speaking next. I trust we' ll have a
successful workshop.
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Operationally, these devices offer to the diver a number of advantages over the
tables:

1. They can replace the diver's watch and depth gauge and provide greater
accuracy

They provide computerized, real-time, at-depth, continuous dive profile
data, eliminating the need for the working diver to remember tables and
make decompression decisions while underwater - it takes the
decompression decision making process out of the diver's hands;

3. While multi-level diving, they allow for longer working bottom times than
permitted by tables.

Dive computers are especially appealing to the scientific diver. These divers are
usually highly motivated in their work and. are interested in maximizing underwater time
and efficiency. They view decompression requirements as a hindrance and distraction from
this work. However, they are generally concerned about safety and try to stay current with
respect to new developments such as dive computers. Although there are exceptions,
scientific diving can be characterized by;

Air diving

Use of SCUBA

Relatively shallow exposures � to 60 fsw!

Relatively long bottom times

Working in remote locations

Multi-level diving

Repetitive diving

2.

3.

6.

7.

8. Multi-day diving

During the last five years, small diver-carried decompression computers  dive
computers! have become popular and widely used. Logically, their evolution is a natural
progression from decompression tables. This evolution is in its infancy, and a workshop
such as this is very timely in influencing the direction of this process.
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9. A population at risk of approximately 3,000 to 5,000 in the U.S.

10. Low budget operations

11. Part of an organized diving program

The purpose of this workshop is to provide guidance to the AAUS and other
interested parties as to:

l. The safety of dive computers

2. Evaluation procedures for these devices

3. Guidelines for their use

Some specific areas of concern are listed below. This is not an exclusive list, nor is
it in order of priority.

Decompression models - What models are these dive computers
programmed with? Does it matter? Should the manufacturers specify the
model in their brockures? Which models are "acceptable" ? Which models
are not "acceptable" ?

Validation and human testing - What comprises an acceptable
validation process? Should all devices be tested on human subjects with
Doppler monitoring? If so, what type of dive pmfiles should be used?
Should comparisons with existing decompression tables be made? Should
the manufacturer publish these data? Should they be evaluated by an
independent agency?

2.

Acceptable risk - What levels of "bends" risk are acceptable in scientific
diving?

Limitations - Should depth and time limitations be imposed on these
computers? If so, how is this determined? Specifically, what is the
applicability of these devices to:

4.

long shallow dives
short deep dives
stage decompression dives
repetitive dives
multi-level dives

The dive computer experience in scientific diving from the past 5+ years appears to
be generally good. However, isolated reports of decompression sickness resulting from
use of dive computers exists, primarily from the recreational diving community. This
experience is difficult to assess because very few scientific diving programs permit the use
of dive computers as the primary decompression tool. More commonly, diving programs
allow these devices as back-up for the tables. In addition, mote recently, a proliferation of
these computers has occuaed. For a diving program to determine the acceptance of none,
some, or all of these devices for use by its divers has become a perplexing problem. Most
diving officers and diving control boards of scientific diving programs do not have the
expertise to make such determinations.
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multi-day dives
deep dive following a shallow dive
ascent rates

diving at altitude
flying after diving

5. Dive computer failure - What does a diver do with his/her
decompression during or after a dive when the computer fails? Can there be
contingency plans for continued diving after a computer failure?

6. Operational reliability - What is the operational experience? Are there
specific equipment failures? Should the manufacturer provide reliability
data?

In the final analysis, the most important factor in the evaluation of dive computers
for use in safe diving operations is the incidence of decompression sickness from dives
controlled by these devices. Such data is extremely difficult to obtain. Since 1974, the
University of Southern California Catalina Hyperbaric Chamber has been treating diving
accidents from the southern California region. During the past two years, the number of
patients reporting the use of dive computers has been steadily increasing. However, after
reviewing the chamber files, it is impossible to compile any meaningful data on the
effectiveness or safety of dive computers. The reason is that the patient's reports are so
incomplete and vague that no confidence can be attached to them. Some patients report
wearing a device but not looking at it during the dive; others can't recall even the brand
name; others monitored it during the dive, but not during the ascent. During this workshop,
such data should be scrutinized for accuracy. Second-hand anecdotes may be of some
interest, but should not form the basis of the workshop recommendations.

It is apparent that dive computers "are here to stay" but are still in the early stages of
development. From this perspective, this workshop can begin the process of establishing
standard evaluation procedures for assuring safe and effective utilization of dive computers
in scientific diving.
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Since the introduction of SCUBA in the 1950's, devices have been made
which determine a diver's decompression status in real time. These devices,
which met with varying levels of success, included mechanical and electrical
analog computers and more recently microprocessor-based digital
computers. Today, with the availability of inexpensive microprocessor
technology, we have the largest variety of dive computers  DC's! ever
available to divers at a single time. However, these DC's only use the
variables depth and time to compute decompression status. Safety factors
based on individual and environmental variations should still be
incorporated while diving with a DC. I expect that future devices will
incorporate additional variables that play a role in decompression sickness
susceptibility, with the ultimate DC monitoring actual inert gas levels in the
diver.

INTRODUCTION

During World War II, the concept of deep sea diving changed with the introduction
of SCUBA. Up to this time diving operations were carried out using surface supplied air to
hardhat divers who would spend their entire dive at one depth for as long as they needed to
complete a task. Decompression status computations and execution were performed by
tenders at the surface.

Divers were now separated from surface contact and had to be responsible
for their own decompression computations. This produced the need for
some means to determine their decompression status underwater.

A.

The divers no longer had an unlimited surface supplied source of air. They
had to return to the surface occasionally for a fresh tank of air. Therefore,
some mechanism was needed to compute repetitive dives, an operation that
had not often been required prior to the introduction of SCUBA.

Divers now had three-dimensional freedom during a dive. All the previous
tables assumed the divers spent their entire dive at a single depth with no 3-
D movement.

C.

With the advent of SCUBA came some logistical problems which had to be
considered:
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The following quote, from a Navy Experimental Diving Unit  NEDU! report
 Searle, 1956}, indicates the need for some type of decompression device:

"W'ith the ever widening fields of both civilian and military free-swimming
and diving using self contained breathing apparatus, and particularly when
such diving is untended from the surface, there arises a very pressing need
for a small portable indicating apparatus to be used to indicate proper
decompression in ascent."

In the early 1950's, the U.S. Navy formed the Committee for Undersea Warfare
and Underwater Swimmers to identify improvements required in diving equipment to fit
scuba operations. The committee met in 1951 at Scripps Institution of Oceanography. One
of the topics addressed was how to control the decompression of a non-tethered, free-
swimming scuba diver. The committee report dealing with this problem,  Groves k. Monk,
1953!, stated:

"In ordinary diving  hard hat J the tender aboard the ship keeps a log of the
depth-time history of the dive and then computes the decompression
requirements from some simple table. For a diver using self-contained
equipment, three possibilities present themselves:  a! the diver keeps a log
of depth and time and then computes the decompression requirement while
under water  this involves a depth gauge, watch, and wits!;  b! the diver
follows a prearranged schedule  how dull!;  c! by guess and by God. None
of these alternatives is entirely satisfactory."

This report presented a preliminary design for a diver-carried decompression
device. It was a pneumatic analog computer which simulated nitrogen uptake and
elimination in two theoretical tissue groups. The potential benefit of such a device was
sumrrmtrized by the following statement:

'The gauge automatically takes into account the depth-time history of the
entire dive. The resulting ~g~~ "optimum ascent" should be some~hat
more efficient than the usual step-wise ascent, the latter being used only
because of its greater simplicity of presentation in tabularform."

"There are two other situations for which the gauge is conceivably an
improvement over the table. For repeated dives the gauge automatically
takes into account the residual elevation of nitrogen pressure in the body
from the preceding dives.  Divers are known to be more subject to bends on
subsequent dives.! In the case of an emergency ascent, such as may be
required by an exhaustion of breathing air, the gauge gives some indication
of the desirable re-compression procedure."

This report also included a basic design for the "Ultimate Gauge," an electrical
analog computer. The envisioned device would show both decompression and air
consumption status so that the diver would know if the remaining air supply would be
sufficient to perform the requiem decompression schedule.

This report established the foundation for most of the early designs for
decompression devices. Since its publication, a variety of both analog and digital
decompression computers have been designed, built, and have met with various levels of
success.
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ANALOG DEVICES

Prior to the advent of microprocessors, mechanical and electrical analog computers
were used to simulate decompression models in various decompression devices.

Foxboro Decomputer Mark I

An analog decompression computer built by the Foxboro Company in Foxboro,
Massachusetts, was submitted to NEDU in October, 1955. Its two compartment pneumatic
design was based on the Groves and Munk report. The hvo compartments to be simulated
had half-times of 40 and 75 minutes and surfacing ratios  compartment nitrogen pressure to
ambient pressure! of 1.75:1 for both compartments  Frederickson, 1956!. The computer
used five bellows to determine decompression status  Figure 1!.

Nitrogen absorption and elimination from the compartments was simulated by the
flow of gas through porous resistors between bellows, which were exposed to the ambient
pressure, and bellows sealed in a vacuum, kept under a constant pressure by a spring.

This device  Figure 2! was the result of communications between two brothers, Dr.
Hugh Bradner  member of the Committee of Undersea Warfare! and Mead Bradner  head
of Reseatch and Development at Foxboro!. The operation of the unit involved balancing the
colors on a disk viewed through a window on the right side of the device. The disk was
divided into thxee sections. One-half was white, one-quarter was red, and one-quarter was
green. If the dial showed any green through the half-disk window, the diver was safe. If
any red was showing, the diver had exceeded the safe ascent depth and would have to
descend. Optimal decompression was achieved by keeping just the white half of the disk
visible through the window.

te  Oreon!

8&era 4 h C, ra erpoeed to yresare ot Iu eetw 4urhs dho,

Figure 1. Foxboro Decomputer Mark I Schematic  from Fredrickson, 1956!.
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Figure 2. Foxboro Decotnputer Mark I  photograph courtesy of Mead Bradner!.

Results of the evaluation by the NEDU  Searle, 1956! stated that the device gave
readings within the U.S. Navy Table decompression ranges for some dives and outside the
ranges for others. The major reason for this was that compartment half-time values were
mistaken for the time constants of the bellows. The actual compartment half-times
simulated by the device were 27,7 and 52 minutes, causing deviations from tables.

The device was returned to Foxboro for re-evaluation and modification but was
never resubmitted to the Navy. In 1957 the Navy published new air no-
decompression/decompression tables, and repetitive dive tables. The Navy apparently
rejected the idea of a decompression computer and accepted option "a" of the Groves and
Monk report  i.e., depth gauge, watch, tables, and wits!.

SOS Decompression Meter

The SOS decompression meter has, until recently, been the most well known
decompression device. It was designed in 1959 by Carlo Alinari and manufactured by an
Italian firm, SOS Diving Equipment Limited  Gordon, 1978!. The SOS Meter or DCP
 Decompression Computer! is still manufactured and available. The DCP is a one-
compartment, pneumatic device which "is purported to be an analog to a 'general' body
tissue"  Kuehn, 1981!. Due to the design of the DCP, the compartment half-time varies
with the pressure differential across the ceramic resistor.

10
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Figure 3. Schematic diagram of SOS Decompression Meter  from Gordon, 1978!.

Bourdon Tube

ns

Fle

Stainless Metal Housing Pressure Entry Points

TABLE 1
Comparison of DCP and U.S. Navy no-decompression limits

 from Howard, 1975a!

U.S. Navy Table
 mlh.!

DCP Time
Imrmsecl

Depth
 fswl

 from Howard. 1975a!

11

40
50
60
70
80
90

100
110
120
130
140
150
160

140:11
72:34 � 77:57

60:00
47:11 - -54:07
36:40 � 39:54
30:15 � 32:52
28:09 � 29:35
25:35 � 26:43
21:24 � 22:29
19:18 � 21:14
16:11 - 17:13
14:56 � 16;05
12:56 � 13:42

200
100
60
50
40
30
25
20
15
10
10
5 5
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Figure 3 shows the construction of the DCP. As the diver descends with the device,
the ambient pressure increases on the flexible bag, forcing gas through the ceramic resistor
into the constant volume chamber. The role of the ceramic resistor is to simulate nitrogen
uptake and elimination in the body. The pressure increase in the constant volume chamber
is indicated by the bourdon tube gauge. The gauge face indicates the safe ascent depth for
the diver. As the diver ascends, the gas pressure in the constant volume chamber will
become greater than the external pressure and the gas flow will be reversed.

A major problem with the DCP is its deviation from the U.S. Navy no-
decompression limits at deeper depths. Howard �975a! evaluated ten DCP's and
determined that the no-decompression limits allowed by the DCPs were more conservative
than the U.S. Navy limits at depths shallower than 60 fsw  feet of seawater!, but less
conservative at depths deeper than 60 fsw  Table 1!.

TRACOR Electrical Analog Computer

The first electrical analog decompression device was developed in 1963 by Texas
Research Associates Inc. and was known as the VRACOR computer. The device employed
a 10-section ladder network of series resistors and parallel capacitors to simulate nitrogen
diffusion within the body. Ambient pressure measurement was supplied by a depth sensor
which varied the voltage supplied to the network. Two sets of batteries powered the device.
Two 1/2D alkaline cells powered an oven which housed the electronics and kept them at a
constant 90 'F. Four small mercury batteries were used as the computer network power
source. The display was a micro-ammeter which was calibrated in fsw. The meter would
display how many fsw the diver could safely ascend, To obtain the most efficient
decompression the diver would ascend at a rate which kept the meter reading zero
throughout decompression.

An evaluation of the computer by NEDU,  Workman, 1963!, found:

"The decompression meter predicted minimal decompression requirements
adequately for schedules throughout the depth range tested from 40 through
190 feet for ascent rates of 20 and 60 fpm. Longer and deeper exposures
were not provided adequate depth and total decompression time at stops
compared to the present U.S. Navy air decompression tables. Continuous
ascent decompression predicted by the instrument was inadequate both in
depth and duration of total decompression time. Temperature dependency of
the instrument was excessive, particularly for cold exposures, and resulted
in widely varying decompression requirements for the same dive schedule."

Workman further suggested that a mechanical analog computer could be used to
avoid the instability and breakdowns which occurred in the electrical circuitry.

DCIKM Analog Computer Series

In 1962, the Defense and Civil Institute of Environmental Medicine  DCIEM! began
to develop a series of pneumatic analog decompression computers under the direction of
D.J. Kidd and R.A, Stubbs. The device had four compartments to simulate the nitrogen
absorption and elimination in the diver. Initial versions arranged the compartments in
parallel. The final design arran~ the compartments in series, resulting in the Kidd-Stubbs

12



decompression model  Kidd and Stubbs, 1966!. Table 2 shows test results for the various
versions of the device  Flynn, 1978!.

TABLE 2
Incidence of DCS produced with versions of the

Pneumatic analog decompression computer

DECOMPRESSION COMPUTER

MARK Il P MARK V SMARK III P

PARALLEL

20 40 80 160

SERIAL

21 common

1.6 common 1.44 common

526 478 3775

5.0' 0.6%1.5%

The MARK VS was the first thoroughly tested, successful decompression
computer. The four compartments in series gave effective half-times of 5 minutes to over
300 minutes  Nishi, 1978!. The display consisted of a depth gauge face with two needles:
one to indicate the diver's present depth, and the other to indicate the depth to which the
diver could safely ascend.

The unit was small enough to fit into a housing 9 cm in diameter and 18 cm long,
which could be easily camed by a scuba diver. Another version of the device, called the
Mt6LRK VIS, was designed utilizing the same algorithm for hyperbaric chamber use. Figure
4 gives the schematic diagram for both the MARK VS & VIS.

The MARK VS was produced by Spar Aerospace in the late 1960's for sale to
industrial and military agencies with operational depth limits to 200 fsw. In 1970, Spar
developed a smaller and lighter version operational to 300 fsw. Due to the complexity of
construction, high manufacturing costs, and extensive maintenance and calibration
requirements, the MARK VS computer was not a commercially viable product for sport
divers.

GE Decompression Meter

General Electric designed a decompression meter in 1973 which utilized
semipermeable silicon membranes to simulate nitrogen diffusion  Borom & Johnson,
1973!. These membranes operate better than porous resistors since the simulated half-time
of a compartment does not vary with depth  as in the SOS meter!. A four-chamber device
was built to simulate the U.S. Navy air decompression tables using compartment half-times
of 24, 39, 90, and 144 minutes. Initial evaluations by GE showed that the membrane-based

13

CONFIGURATION

IIALF � TIMES  mini

SUPERSATURATION
RATIO  PTN2/PAI

NUMSER OF DIVES

DCS INCIDENCE

PARALLEL

10 20 40 80

2.65, 2.15
1.85, 1.65

Huggins: History of decompression devices and computers
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decompression meter concept was sound. The size of the unit could be reduced and
temperature dependence was "well within satisfactory limits." However, no information on
any subsequent development and testing is available.

Figure 4. Schematic of the Mark VS 4 VIS Pneumatic Analog Decompression
Computers  from Nishi, 197$!.

Ouicft
onnect

aticPneuma
Resis

Depth
dort TubtSafe

Bourd

Figure 5. Farallon Decomputer  from Farallon, 1975!.
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Farallon Decomputer

As scuba diving entered the mid 1970's, the only commercially viable
decompression computer available was still the SOS Meter. All other attempts to develop a
reliable and safe decompression meter did not succeed or resulted in a product too
expensive for the average sport diver. In 1975, Farallon Industries in California released a
device called the Decomputer. The device was a pneumatic analog computer which used
semipermeable membrane technology. It had four membranes which simulated two
theoretical tissue groups. Two of the membranes were used for gas uptake and the other
two for elimination. Figure 5 shows the schematic of this device.

Air from the collapsible gas chamber flows through the "fast tissue"  large! and
"slow tissue"  small! membranes when exposed to elevated pressures. The increased
pressure within the mechanism causes the pistons to inove along the display. The display,
color-coded green, yellow, and red, indicates the diver's decompression status. The object
was to never surface with the pistons in the red, or upper yellow, portion of the display.
When the ambient pressure is reduced to less than the pressure inside the tissue simulator,
the air flows out through the "repetitive dive membrane". Both compartments had off-
gassing membranes which simulated a slow off-gassing rate.

Testing at Scripps Institution of Oceanography indicated that the device failed to
"approximate" the U.S. Navy air decompression limits and tables  Howard, 1975!. Some
allowable no-decompression limits were: 60 fsw for 75.5 minutes; 80 fsw for 51 minutes;
150 fsw for 12.5 minutes, and; 190 fsw for 7 minutes. Tests using the device for repetitive
dives proved even less acceptable. The Royal Australian Navy also evaluated the
Decomputer, and found that it was too permissive and it developed too much mechanical
deterioration with use  Flynn, 1978!.

DIGITAL DEVICES

By the mid-1970's the microprocessor revolution was well underway. Now it was
possible to construct a small digital computer dedicated to the specific task of
decompression computation. Digital computers are more accurate than mechanical analog
computers and have fewer calibration prob1ems than electronic analog computers.
However, a major drawback with these early digital computers was the lack of an adequate
power supply.

DCIEM XDC Digital Decompression Computer Series

DCIEM began work on the XDC Digital Decompression Computer Series in the
mid-1970's. Due to their previous success with pneumatic decompression computers, they
elected to use the Kidd-Stubbs decompression model with their digital computers.

DCIEM's first computer, the XDC-1  Figure 6!, is a desk-top model. It is used to
analyze dive profiles or plan upcoming dive operations by accepting dive profile
information through the keyboard. It can also be used in a real-tiine mode where the diver' s
depth information is supplied via a pressure transducer and an A/D converter. The
decompression status is determined by computing the nitrogen pressure accumulated in the
four compartments of the Kidd-Stubbs model.

During the dive, the operator can extrapolate the dive profile and determine required
decompression debt based on numerous dive options  Lomnes, 1975!. The XDC-1 was

15
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manufactured by Canadian Thin Films Systems Inc. in British Columbia and successfully
used in laboratory hyperbaric facilities. However, the design was not practical for open
water diving situations.

To handle the rigors of diving operations, DCIEM designed the XDC-2  Figure 7!.
This computer is a dedicated real-time decompression computer used with surface supplied
diving operations. The unit can be connected to a pressure transducer carried by the diver
or connected to the pneumo hose on the diver's umbilical. The decompression model in the
XDC-2 was the same Kidd-Stubbs model used in the XDC-1. The output information of
the XDC-2 consists of four large LED displays and two arrays of LED indicator lamps.
The main information supplied by the four large LED displays is:

A. Depth.

B. Elapsed Dive Time.

C. Safe Depth  depth to which the diver can ascend safely without violating the
model!.

No-Decompression Time/Ascent Time Display. When the diver is within the
no-decompression limits this display will show the no-decompression time
remaining if the diver stays at that depth  negative number!. If the diver
goes into a decompression dive this display will give the optimum ascent/
decompression time  positive number!.

D.

One array of LED lamps presents a bar graph showing the safe ascent depth and the
other array is composed of warning lights that indicate the system's status. The unit runs
off a standard 110V AC line and has internal rechargeable NiCd batteries that power the
unit for two hours if the AC power fails. The unit can also run off an external 12V DC
power supply. The XDC-2 is still used in the Canadian Navy, with slight modifications to
the Kidd-Stubbs decompression model software. The main limitation with the XDC-2 is
that it requires the diver to be tended from the surface because the computer cannot be
carried by the diver.

Figure 6. XDC-1 Decompression Computer  from CTF Systems, Inc!.

16
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Figure 7. XDC-2 Decompression Cotnputer  from CTF Systems, Inc!.

Figure 8. XDC-3 Decompression Computer/Cyberdiver  from CTF Systems, Inc!.

17



Lang and Hamilton  Eds.!: AAUS DC WORKSHOP. U.S.C, Sea Grant Program, Los Angeles, CA, 1989

To accommodate the free-swimming scuba diver, the XDC-3, or Cyberdiver, was
developed. The Cyberdiver was the first diver-camed microprocessor-based underwater
decompression computer  Figure 8!.

The device, attached to the diver's tank, and the small hand-held disphy presented
the same information as the XDC-2. The unit was powered by four 9V batteries with a
lifetime of about four hours. The batteries could be replaced without losing the existing
decompression information. To conserve power, since the display LED's had a large
current drain, the display was equipped with an inertial switch that would turn the LED's
on for six seconds for reading. The XDC-3 met with limited success since its initial cost
and the cost of four 9V batteries every four hours on a diving excursion were too high for
the average sport diver.

DACOR Dive Computer

The most effective way to use microprocessor technology in dive computers is to
program the decompression model into the microprocessor software program, as in the
XDC series. Another less effiicient way to use microprocessors in a dive coinputer is to
store established tables in the memory, and design the software to read those tables, In this
configuration any advantage obtained by integrating the decompression status over the
entire dive is lost.

The Dacor Corporation was interested in designing and producing an underwater
decompression computer during the late 1970's. They decided, due to liability reasons, to
design a diver-carried computer which would read the U.S. Navy air decompression tables
for the diver  Foley, 1979!. In the first section of this paper, choice "a" in the Groves and
Monk report stated that a diver would need a table, depth gauge, watch, and wits. Dacor's
solution combined the first three items and eliminated the diver's need for wits.

Dacor was prepared to market the unit, but the power consumption in the device
was so high that it required a special battery to allow it to continuously run for at least
twelve hours. According to the company, two-thousand units were ready to ship as soon as
the batteries arrived, but the factory that produced the batteries was destroyed by fire and
the project was shelved.

Cyberdiver II

Kybertec  now Newtec! in British Columbia which worked on the XDC-3, or
Cyberdiver, entered the sport diving market with Cyberdiver Il in 1980. Like the Dacor
computer, it read the U.S. Navy air decompression tables. It also connected to the high
pressure hose of the regulator and displayed the diver's tank pressure. Its power supply
was one 9V battery which provided six-to-twelve hours of continuous operation,
depending on water temperature. However, there was a way to save previous dive
information if the battery was changers %he unit had an audio warning system to indicate
hazanlous decompression situations. The Cyberdiver II met with some marketing success,
but the primary complaints were that it was too bulky and the calibration system was too
complex.
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Cybet deliver HI
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Figure 9 shows a preliminary design for the U.S. Navy UDC. This initial design
incorporated only the "essential readouts for safely informing the diver of his
decompression status." The display would show the present depth, a safe ascent depth
 SAD!, and three warning lights. The SAD display would present the first decompression
stop depth as 10 fsw multiple. The "UP" light would indicate when the diver was deeper
than the SAD, the "DOWN" light would illuminate when the diver was shallower than the
SAD, and the "STOP" light would turn on when the diver reached the SAD.
Decompression would be performed by moving up to the first decompression stop and
waiting until the SAD decreases and the "UP" light comes on. At present the specifications
for the unit have been modified such that the display now includes total dive time, total
ascent time  total decompression time required from present depth to surface!, time required
at decompression stop until it is safe to move to the next decompression stop, and a battery
level indicator  Presswood, 1986!. Prototypes from Divetronics, Orca Industries, and
Tekna have been submitted to NEDU and preliminary evaluations performed. However, at
this writing it is not clear if the V.S. Navy has an operational VDC.

Decobrain I

The Decobrain I is a table-based decompression device. The tables which it uses are
the five sets of Swiss tables that were available at the time it was designed. Each table is
used for a different altitude range from 0 to 3500 meters above sea level. It was
manufactured by a company in Liechtenstein called Divetronic. The unit  Figure 10!, worn
on the wrist, displays the diver's depth, bottom time, ascent time, and initial
decompression stop. When the diver gets within two minutes of the no-decompression
limit, two zeros blink in the decompression stop display. If a diver enters a decompression
dive, the decompression stop display presents the first decompression stop depth and time.
When the diver comes within 5 fsw of the stop depth, the decompression time counts down
to zero and the next decompression stop is displayed. At the surface, the Decobrain
displays the maximum depth and bottom time of the previous dive, the surface interval, and
the desaturation time  time required to eliminate all residual nitrogen!. The power source is
a rechargeable NiCd pack which allows 80 hours of operation on a full charge  Hass,

1984!. Figure 10. Decobrain Decompression Computer  from Divetronics!.
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When the unit is turned on it reads the ambient air pressure and determines which of
the five sets of tables to use. The decompression information for the subsequent dive is
based on the table range that covers the ambient pressure sensed at initialization.

A unique aspect of the Decobrain I is that, even though it is table-based, it allows
multi-level dives. This is done by having the computer perform multi-level computations
using the table's repetitive group designators. The problem with this repetitive group
technique is that only one compartment in the model is considered. In this case it is the 80-
minute half-time compartment. None of the other seven compartments are considered in the
computation of the Swiss table repetitive groups.

Dr. Bruce Bassett and this author separately performed tests on this device and
found that the unit could easily be put into an "out of range" situation, rendering the unit
useless as a decompression device. Also, "The technical information and operating
instructions supplied with the product are sorely lacking in the details needed to adequately
use and interpret the device"  Bassett, 1983!.

AVAILABLE COMPUTERS

At this time there are eleven DC's available to the diving communities. However,
there are, in essence, only three different decompression models that are used in these
devices. Two of the models are based on no-decompression limits that have been
determined by Doppler ultrasonic bubble detection  Spencer, 1976; Bassett, 1982!. The
other model is the Swiss decompression model developed by Dr. BOhlmann at the
University of Zurich.

The EDGE:

The Edge  Figure 11! has been manufactured and distributed by Orca Industries
since 1983. The model it uses is a twelve compartment Haldanian model that is based on
Doppler research. The compartment half-times range from 5 to 480 minutes. Every three
seconds the "nitrogen pressure" in the compartments are updated based on the new
pressure that is read in through the pressure transducer. In the Haldanian based DC's the
"on-gassing" and "off-gassing" of the compartments follow the same exponential rates.
Any tiine the ambient pressure is greater than the compartment pressure on-gassing occurs
and if the compartment pressure is greater than the ambient pressure nitrogen is off-gassed.
The resulting pressure values in the twelve compartments are then used to compute the
diver's decompression status.

The display on the EDGE is divided into graphical and digital information. The
display is split into the two sections by a curve  limit-line! which represents the maximum
pressure allowed in the twelve compartments  their Mo values!. The display area above and
to the left of the curve gives a bar graph representation of the pressures in the twelve
compartments against a depth scale  running vertically down the left side of the display!.
As long as all the compartment bars are above the limit-line, the model is indicating a no-
decompression dive and the diver can ascend directly to the surface. To the left of the depth
scale is the depth bar which represents the divers actual depth and a maximum depth
indicator. All the compartment bars will try to equilibrate to the same level as the depth bar.
If any of the compartment bars have crossed the limit-line two "ears" start to move down
the depth bar, indicating the ceiling, or minimum depth, the diver can ascend to without
violating the model. To decompress the compartments that have exceeded their Mo values,
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the diver must ascend to a depth shallower than the value of the Mo value of the violated
compartment in order for the required off-gassing to occur  Barshinger, 1984!.

Figure 11. The EDGE No-Decompression/Decompression Computer

The digital section of the display presents the present depth of the diver, elapsed
dive time, no-decompression/decompression time remaining, ceiling, and water
temperature. The no-decompression/decompression time remaining display shows no-
decompression time remaining as a positive number and decompression time remaining as a
negative number. These times are based on the depth that the diver is at. If the diver is in a
no-decompression dive and ascends, the no-decompression time will increase due to the
reduced pressure gradient between the ambient pressure and the compartments. If the diver
moves into a decompression dive and will not be able to decompress at the present depth an
"up-arrow" will be displayed, indicating the diver will need to ascend in order to
decompress.

At the surface, the display goes into surface mode. The graphical display will
continue to indicate the compartmental pressures. The digital display however, will indicate
additional information. The depth display will present the maximum depth of the last dive.
The elapsed time display will alternate between the dive time of the last dive  in minutes and
seconds! and the elapsed surface interval  in hours and minutes!. The area which displayed
the no-decompression/decompression time will scroll through the no-decompression times
for repetitive dives to depths between 30 and 150 fsw.

Additional information can be displayed if the diver violates the recommended
ascent rate �0 fpm at depths deeper than 100 fsw, 40 fpm for depths between 60 fsw and
100 fsw, and 20 fpm for depths shallower than 60 fsw!, if the diver ascends to a depth
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shallower than the ceiling, or if the diver exceeds the depth range of the device
 approxunately 160 fsw depending on the pressure transducers' calibration!. When any of
these situations occur a full screen warning will be alternated with the normal display.

Skinny Dipper:

The Skinny Dipper is also a product of Orca Industries. It utilizes the same
decompression model as the EDGE, but uses a simpler display scheme. The display on the
Skinny Dipper consists of three numerical segments  no graphics! and two LED's. During
a dive, the top number of the display is the no-decompression time remaining. If a diver
passes into a decompression dive, the top number will convert to the ceiling depth. Since
the Skinny Dipper was designed as a no-decompression computer, it does not display
decompression time remaining. Even though it does not display decompression information
other than ceiling, it blinks a message telling the diver to "go up" until a depth is reached
where decompression can be achieved. The diver then waits until the ceiling reaches zero
and can then surface. If the diver ascends to a depth shallower than the ceiling, the ceiling
and depth displays will start to flash and the "Ceiling Alarm" LED will blink.

The middle number displays the present depth and the bottom number is the elapsed
dive time. If the maximum depth of the unit is exceeded �99 fsw! an out-of-range display
"or" will flash. If the diver is ascending faster than the recommended ascent rate the
"Ascend Slower" LED will blink.

At the surface, the Skinny Dipper scrolls through allowable repetitive dive time for
depths between 30 and 130 fsw. The no-decompression time is displayed on the top line
and the depth of the repetitive dive is the center number. The elapsed surface interval is
presented on the last line. After the no-decompression time for 130 fsw is displayed, the
unit displays a "log" screen for nine seconds. This log screen presents the maximum depth
and dive time of the last dive. On the top line a calculated time to fly is presented. This time
to fly value represents the time it will take all the compartments in the model to reach a
nitrogen pressute equivalent to 2 fsw or less.

Sigmatech:

The Sigmatech is distributed by Sherwood. It is a private labeling of the Skinny
Dipper. Sherwood has incotporated it into a console along with a pressure gauge.

SME-ML:

The SME-ML is manufactured by Suunto of Finland and distributed by SeaQuest
 Murphy, 1987a!. It uses a nine compartment Haldanian model based on Doppler research.
The half-time range of the compartments is 2.5 to 480 minutes. The display consists four
numbers, a depth bar graph, and five warning icons. During a dive, the remaining no-
decompression time is shown in the center of the screen. The depth is displayed at the top
of the display and a depth bar descends along the scale on the left side and the dive time is
shown at the bottom. A dive counter in the lower left corner shows how many dives have
been done since the device was activated. If a diver enters a decompression dive, the ceiling
is displayed by flashing the portion of the depth bar which is shallower than the ceiling and
the required decompression time is shown in the center area along with an icon that
indicates "Dec Time." If the ceiling is violated another icon appears indicating the diver
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should descend. If the diver violates the ascent rate of 33 fpm a "Slow" icon will be
displayed.

At the surface, the unit scrolls through the no-decompression times for depths of 30
to 190 fsw. This will alternate with a display of the surface interval. A unique feature is that
the device can be interrogated by touching its wet switches in a certain order. This produces
a display of the maximum depth that was achieved every three minutes. The SME-ML
stores ten hours worth of dive mformation that can be recalled at any time after the dive.

Datamaster II:

The Datamaster H is distributed by Oceanic. The decompression model it utilizes is
pseudo-Haldanian consisting of six compartments with half-times of 5 to 120 minutes. Its
Mo values are based on no-decompression limits determined by Doppler studies. The
difference between this model and the previous ones is that no off-gassing from the
compartments is allowed while on a dive. Once a compartment reaches its highest pressure
during a dive, it will remain at that pressure even though the ambient pressiue may be less.
Off-gassing will begin once the device maches the surface.

The Datamaster II also calculates air consumption. It is attached to the high pressure
port of the regulator's first stage and its display is at the end of a high pressure hose. This
allows the tank pressure to be displayed as well as air time remaining. The remaining air
time is calculated based on the diver's average air consumption in the last minute, the air
requirements for an ascent at 60 fpm to the surface, and reaching the surface with 500 psi
of pressure in tank.

The remaining no-decompression time shares display space with the remaining air
time at the lower right of the screen. If the remaining dive time is controlled by the
decompression model then an "NDC" icon is displayed next to the time. If the remaining air
time is less than the no-decompression time, an "AIR" icon is presented. To the left of the
remaining dive time display is the "Caution Zone." This presents a numerical and graphical
representation of the last ten minutes of no-decompression time remaining. It is
recommended by the manufacturer that a diver never surface with less than +5 minutes in
the caution zone. If a value of less than +5 is displayed then the diver should stop at 10 fsw
until the display reaches +5. If the diver passes into a decompression dive, the caution zone
number becomes negative. The diver will then need to stop at 10 fsw until a value of +5 is
reached. Following a decompression dive, the unit will not display any decompression
information for the next twelve hours.

Continuing around the display in a clock-wise direction is the present depth,
maximum depth, water temperature, tank pressure, dive counter, and dive timer. When the
diver surfaces the display will present display the surface interval time and computes a
repetitive group letter based on the pressure of the 120-minute compartment. When the
regulator is attached to a new tank, the display presents a scrolling display of no-
decompression time from 30 to 130 fsw.

Data Scan II:

The Data Scan II  distributed by U.S. Divers! and the Datamaster II are the same
unit with different display configurations  Murphy, 1987b!. The Data Scan II presents the
same information  except for temperature! as the Datamaster II plus a bar graph
representation of the tank pressure.
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Decobrain II:

In 1985, Divetronic released new software for the Decobrain package, Decobrain
II. The Decobrain II  manufactured and distributed by Divetronic! is based on the 16
compartment Swiss model  ZHL-12! developed by Dr. Biihlmann at the University of
Zuurich. The half-times of the compartments range from 4 to 635 minutes. This unit is
designed for altitude diving up to 4500 meters above sea level. It adjusts its Mo values
based on the altitude it is being used at. During the dive, the unit displays the no-
decompression time remaining and flashes the time when within five minutes of the no-
decompression time. If a decompression dive is performed, the first decompression stop is
displayed along with the shortest safe ascent time. The depth and dive time are displayed
with the maximum depth displayed two times a minute for two seconds. An ascent rate
LED will start to flash if an ascent rate of 33 fpm �0 mpm! is exceeded.

At the surface when the unit is turned on, it will display the atmospheric pressure in
millibars and then will scroll through the no-decompression limits for 30 to 100 fsw. After
a dive, it will display the inaxiinum depth and bottom time of the dive, the surface interval
required before flying, and the total time to eliminate all the residual nitrogen from the
compartments.

Micro Brain:

The Micro Brain is manufactured by Divetronic and distributed by Dacor  Murphy,
1988!. The model it uses has six compartments �.5 to 395 minute half-times! that
correspond to the 16 compartment Swiss model. It can be used as a decompression
computer to altitudes of 1500 meters above sea level. During the dive, the no-
decompression information is presented as a decreasing wedge at the bottom of the display.
The wedge consists of seven bars that disappear as the no-decompression time decreases.
The bars have values of "++", "30", "15", "8", "4", "2", and "0" minutes. Along with the
wedge, the dive time and present depth is displayed. If a decompression dive is performed,
the depth of the first decompression stop alternates with the depth display every five
seconds for a second, along with a "Deco Stop" icon and an "Ascend" warning. If the diver
ascends past the decompression stop a "Descend" icon is displayed.

At the surface, the no-decompression times for depths from 49 to 135 fsw are
scrolled through. The maximum depth and dive time of the last five dives can be recalled
using a wet switch. A "Do Not Fly" icon is presented while the model indicates that it is not
safe for the diver to fly.

Uwatech:

Uwatech of Switzerland manufactures a DC for its own distribution as the Aladin
 Murphy, 1987c!. This DC is also distributed by Beuchat as the G.U.I.D.E. and Parkway
as the Black Fox. The decompression algorithm used in this unit is a twelve compartment
version of the Swiss model. The Uwatech DC utilizes four sets of 1Vlo values based on the
altitude range the dive is conducted in. These ranges are 0 � 2470, 2470 � 5100, 5100�
8555, and 8555 - 13200 feet above sea level. During a dive, the no-decompression
information is presented, in minutes, as a negative number in the lower right of the display.
If a diver enters a decompression dive, it flashes "DEC" in the decompression information
display, along with the depth of the first decompression stop. Once the diver reaches the
first decompression stop, that depth will continue to flash until it is time to ascend to the
next stop, which will be displayed. If the diver ascends past the required decompression
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stop, a flashing "DOWN" icon will be displayed along with a down arrow to indicate the
diver needs to descend. Along with the decompression information, the diver's present
depth is displayed in the upper left area of the screen and below it, the maximum depth
attained during the dive. The total dive time is displayed above the decompression
information area.

After the dive, the unit will present the maximum depth of the last dive and the
elapsed surface interval. The Uwatech DC can be interrogated and the log entries for the
last five dives can be mcalled by activating two wet switches.

THEORIES AND MODELS VS. REALITY

One major misconception that is held by many divers who use DC's is that they
monitor, or model, exactly what is going on in the body. A DC, like a set of
decompression tables, can only be used as a guide, based on a theoretical decompression
model. The ability of a model to produce safe profiles may or may not have anything to do
with how accurately the model describes the mechanics of nitrogen on-gassing and off-
gassing during those profiles.

In ail decompression models the major  and in most cases the only! variables that
are considered are depth and time. DC's compute their decompression status based solely
on these two variables. Thus, the decompression status computed by a DC does not take
into account water temperature, physical exertion, ascent rate  even though it is monitored
in some cases!, the divers physical condition, age, gender, hydration level, etc. These are
all variables that are considered to affect the diver's susceptibility to decompression
sickness. The result is that a strenuous dive to a certain depth in a cold water environment
will produce the same decompression status in a DC as a low exertion dive to the same
depth in a warm Caribbean environment. To counter these factors, the diver must assume
the responsibility of adding safety factors to their dives while using DCs, just as they have
been added in the past while using tables. DC's are not talismans that will guarantee the
diver will not develop decompression sickness. They must be used with common sense
and the diver must be aware of potential of developing DCS during any dive.

Another area where the dive computer may deviate from reality deals with the
accuracy of the pressure transducer. As depth gauges, DCs have proven to be much more
reliable than mechanical depth gauges. Their accuracy, in the worst cases, is listed at+/- 2
fsw  +/- .6 rnsw!. During a dive, DCs perceive a depth that is 2 fsw shallower than the
actual depth. If this occurs then the nitrogen pressure that is calculated will be less than the
actual pressures that should have been calculated. The DC is computing a less strenuous
decompression status than it should be. Preliminary calculations indicate that a eduction of
the Mo values to 95% of their current values would adjust for the potential transducer error.
This would have the effect of reducing the no-decompression limits as much as 20% in the
shallower depth ranges.

FUTURE CONFIGURATIONS OF DIVE COMPUTERS

With the growing acceptance of DC's, the ability to incorporate additional features
seems to be limited only by imagination and technology. Two functions that should be
available soon are the ability of a DC to communicate with a personal computer  PC! and,
full dive profile recordings. The ability to communicate with PC's wiH permit easy
reprogramming of the dive computer if modifications are made to its software. The PC
could also bc used as a diagnostic tool by interrogating the various components of the DC.
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Along with these functions the ability to "talk" to a PC presents an easy way to log dive
information. By incorporating additional memory into the DC, the actual depth of the dive
can be recorded every few seconds. After the dive, this information could be downloaded
into the PC and the actual dive profile displayed along with any other recorded information
from the dive. This dive profile inforination could be used in decompression research or in
the treatment of a diver who has developed DCS.

Another feature that could easily be incorporated into a DC would be a safety factor
inultiplier based on various environmental and physical variables such as water
temperature, diver exertion level, actual ascent rate, age, etc. Information on the diver could
be entered via the PC and other information obtained from additional sensors in the DC.
The major problem with the implementation of this feature would be the determination of
the safety factors for these additional variables. At present, there is no quantitative.
correlation between these variables and their increasing or decreasing the risk of DCS.

Perhaps the ultimate DC would be one that actually monitors the gas absorption and
elimination in the diver throughout the dive. This would allow decompression status to be
determined by observing the diver the DC is designed to protect.

SUMMARY

The diving community is becoming more aware of the advantages dive computers
offer in terms of multi-level diving credit and coinputation of decompression status. But,
studies of multi-level diving and development of reliable and safe dive computers must
make up the 30-year head start of table-based SCUBA diving techniques.

As more dive computers become available, they must be thoroughly tested to ensure
operational and decompression model integrity and reliability. Although the technology of
DCs is improving rapidly, and in the future we can expect to see more sophisticated
devices with additional functions and features, it must be remembered that as long as the
decompression status is based on a model, it does not necessarily represent the diver' s
actual decompression status. The final responsibility of the diver's decoinpression still falls
upon the diver. The diver may or may not choose to use the information displayed by the
DC and should make common sense decisions based on personal limitations and
envixonmental conditions.

It is interesting to speculate about the present state of scuba diving if the Foxboro
Decomputer Mark I had performed properly and had been adopted for U.S. Navy use in
1956. If so, the present U.S. Navy air decompression tables might not have been
computed and the standard tool used to determine decompression status might have been a
dive computer. Dive computer technology would be far more advanced, and more
information and studies about the effects of multi-level diving would be available today.
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Session 1: Discussion

INTRODUCTORY SESSION DISCUSSION

Discussion after Andy Piimanis

Andy notes, among other things, that the typical scientific diver keeps up with the
field, is interested in the physiology of diving and asks a lot of questions. He also made the
point that scientific divers try for as much time as they can get on the bottom and sometimes
have rather long bottom times. They also do multiple repetitive dives. You may see a small
boat pull up with eight or ten tanks in it. These divers are very dedicated. When they go out
on a ship, they try to get in all of the dives that they can.

In reflecting on the experience of his treatment chamber, he has noted that over the
last couple of years more and more divers arrive wearing a dive computer. He emphasized
that they are wearing it, which doesn't mean that they have looked at it. Some don't look at
them, some don't even turn them on, some don't know the brand. They know the color but
not the brand. Whether the DC was on or not, the patients always say they "did everything
right" although the story tends to change after we probe into it and after the buddy shows
up. If the diver is asked, "Did you use a depth gage and a watch.", the answer is, "Oh,
no". They seem to know something about the tables and may actually know how to use
them, but they didn't do it. Andy is not sure that for any of the treatments they' ve had of
people wearing these computers, that they have used them properly. This is difficult data to
find and assess and the temptation is strong to listen to "sea stories." Andy encouraged the
Workshop not to listen to sea stories and not to base their recommendations on them.

Carl Edmonds supports the careful use of statistics by being very critical of the facts
behind bends incidences using DC's. The second type of untruthfull statistics is the
opposite, such as statements which say we' ve documented 50,000 dives and no one got
bent on our DC. The School of Underwater Medicine recorded about 200,000 dives on the
US Navy tables with no bends, while we were never near the limits of the tables.

Tom Neuman comments that as another "unbender" he very much endorses what
Andy says about the people arriving at the chamber. If they have a watch, they don't know
what time it is, if they have a computer, they haven't looked at it. He also mentioned a
profile that he used in a treatment which was recovered from a dive computer which
records the dive profile  the Suunto!. He made a strong statement as to how important the
ability is to record and retrieve a dive profile and called for training for the treatment
facilities to be able do this.

Some general comments were made by Andy on the value of hard data and the fact
that if we really don't know what has happened we can't very well assess it.

Andy is asked if he is seeing more neurological "hits" than he has in the past. He is
seeing fewer hits, but this is probably because there are more chambers in use now. He
thinks that the total patient load is staying stable. He warns about trying to determine
"incidences" without knowing what kind of diving was being done.

Glen Egstrom pointed out that the problem with the dive computers is the same as
with a lot of the other equipment that recreational divers use. They are not fully trained in
its use to begin with, and they use it only occasionally. This is true of every piece of
equipment they use. It is imperative that the divers not only be informed but that they go
through drills on how to use it. He mentioned as an example having college students run
the dive computers on decompression tests that he was doing in the lab. They screwed
them up in about every way that could be done.
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Andy noted that it is possible nowadays to take a diving course without being
trained in how to use a dive computer. It is up to the individual to learn it. Divers should be
able to receive instruction on the DC use.

Dennis Graver asked us to think about what training should the divers get on the
dive computers and who should be providing it.

Ralph Osterhout makes the point that we need standardization of several aspects of
the computers:

Standardization of information that is displayed;
The manner in which it is displayed;
The manner in which it is xecalled;
Standardization of the computational model;
Uniform means of telling when a computer is in a "fault" mode

Ralph made some good points about spatial integration, where the same spot on the
display is used to show different pieces of information at different times. He feels that the
evidence is good from other fields  such as the USAF!, that for important and timely data
the best way to go is to use shape or color or something more to sort out the nature of the
information. He makes a strong statement for absolute standardization at any cost, even if
manufacturers have to make changes in their equipment and software, his company is
willing.

There was agreement with the idea but great skepticism as to whether it might be
made to happen. It might be a higher hurdle than anyone expects. Ralph responds we might
not have complete standardization of cars, but at least it is not necessary to look in the glove
box for the speedometer.

Discussion after Karl Huggins

Someone mentioned another new DC called "Monitor", which is a Biihlmann table-
based device that Carl did not cover in his talk. Mike Lang mentioned the Black Fox is
apparently no longer being marketed. Karl responded that the slides were over a month old.
He mentioned that the computer only reads depth and time and not the individual factors or
environmental factors that affect decompression.

Parker Turner asked why the manufacturers insist on forcing slower ascent rates
when the divers can't even maintain 60 fsw/min. Karl Huggins responded if the
instruments call for slower rates, say 20 or 30 fsw/min, then maybe divers will slow down
to 60 fsw/min. He said somebody had checked the ascent rates and found them to be 120
fsw/min, or even faster than that. Ralph Osterhout mentions tests that asked divers to
ascend at their normal rate and when actually measured their average rate was 112 fsw/min.

There was further discussion about the role of ascent rate. Bill Hamilton mentioned
slower ascent rates to be beneficial. While it may have some effect on gas loadings, a more
important effect of a rapid rate may be that it can induce bubble formation. Glen Egstrom
asked Karl Huggins if we should be promoting a 30 fsw/min ascent rate and not allowing
the 100+ fsw/min ascent; Karl agreed. Dick Vann said there is no experimental proof that
the ascent rate is a significant factor as far as risk of decompression sickness is concerned.
However, the faster ascent rates definitely increase the possibility of pulmonary
barotrauma, and this is the cause of many cases attributed to DCS. Karl also pointed out
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still another benefit of restricted ascent rate in that it ensures that the diver will have good
buoyancy control and this will pay off in overall safety. They tend to lose control at about
20 feet and just pop to the surface. It was generally agreed that the divers seemed to lack
common sense and that the instructors were delighted that they have the little black boxes
so they do not have to think". This is a large part of the problem.

The discussion swung around to the matter of being able to recall a dive profile.
Chuck Mitchell asked if "in a treatment, don't you just put a diver down until he doesn' t
hurt anymore?". Tom Neuman said that wasn't quite the case, in fact, you use an arbitrary
depth that is almost totally independent of the depth of the dive. He also mentioned a case
where he was able to recover a dive profile from a Suunto unit. The diver had told him his
profile and he didn't believe it until he saw the data come out of the dive computer. Tom
pointed out that having the profile could be a help in treatment, but its greatest potential
value will come from the retrospective analysis of the data. Some units allow reca11 of the
times, depths, and intervals of the last few dives. In another DC this information can be
recalled only be the manufactuxer  See Appendix!.

In another discussion John Lewis mentioned that the Data Scan records violations
in the use of the DC, and that it coarsely records the last 3 dive profiles. This information is
not avaihble to the user, but can be accessed by the manufacturer.
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