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ABSTRACT

A data bank for Doppler ultrasonic bubble flow data
obtained during and following decomp ression of divers has

4 been established for the purpose of data storage and sub-
sequent computer analysis. Each dive is characterized by
52 parameters selected for future computer correlati on
studies. For each of 12 of the parameters , a table has
been provide d into which entries may be made as the dat a
bank grows. Data are entered into the data bank via a
specified Data Bank Form. A program entitled DEV is used
for listing and verification of data bank files; another
entitled 5EV is used to cal culate an index of severity of
decompression. A listing and example are provided for
each of the programs , 5EV and DRy. The program, 5EV, is
the first of many possible applications progra ms uti lizing
the data bank. The use of the data bank and the app lication
of 5EV in an experi mental program involving 80 men-dives is
described.
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RBSTRACT1 Xè
- A data bank for Doppler ultrasonic bubble flow data
' ; obtained during and following decompression of divers has

ó \ been established for the purpose of data storage and sub-
- sequent computer analysis. Each dive is characterised by
L S2 parameters selected for future computer correlation
1 studies. For each of 12 of the parameters, a table has

1 been provided into which entries may be made as the data
_ bank grows. Data are entered into the data bank via a

' specified Data Dak Form. A program entitled DEV is used
for listing and verification of data bank files; another
entitled SEV is used to calculate a index of severity of
decompression. A listing and exaple are provided for a

1 ' each of the programs, SBV and DEV. The program, SEV, is '
' the first of may possible applications programs utilizing

the data bank. The use of the data bank and the application
_ ó of SEV in an experimental program involving 80 man-dives is

described.1 i xg
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• INTRODUCTION

Doppler ultrasonic monitoring of the precordial region of
divers has proven to be of considerable benefit for the evaluation
of diver decompression stress in subsaturation dives (Lagrue at al,
1978) and saturation dives (Masurel et al, 1918).

I
In order to better understand the significance of Doppler

ultrasonic measurements and the effect of various dive parameters
on decompression stress , it is necessary to perform correlation
studies of the Doppler results with such parameters as incidence
of decompression sickness, decompression models , characteristics

$ of divers, etc. These studies are facilitated by the establishmen t
of a computerized data bank suitable for data storage as well as
computer analya is.

This report describes the Doppler Ultrasonic Data Bank (DUDB)
established at the Centre d’Etudes et de Recherchea Techniques

* Sous—Marines (CERTSM) , France, during the posting of Dr. Kiaman
from the Defence and Civil Institute of Environmental Medicine
(DCIEM) , Canada. A joint data base has been established for use
by CERTSM and DCIKM personnel to increase the amount of accessible
data and to better exploit the inherent possibilities.

DESCRIPTION OF DATA BANK

It has been customary to monitor ultrasonic data aurally with
headphones and assign a grade according to Spencer ’s classification
code (Spencer, 1974). A new code, the KM code, has recently come

• into use (Kisman at al , 1978a). This code provides more detailed
information about the bubble flow; furthermore, it may be evaluated
by mean, of aural monitoring or computer signal analysis. Bubble
grades equivalent to those in Spencer ’s code are provided for the
KM code values in a correlation table (Kisaan et al, 1978a). Hence
precordial Doppler ultrasonic results may be expressed in the form

• of 3 digit KM code values and/or 1 digit bubble grades.

In addition to the ultrasonic results, the data bank contains
many other dive parameters useful for correlation studies. Before
these parameters are entered into the data bank, they are written
on a Data Bank Form by diving personnel during the decompression

B (see example, Appendix I).

The following is a description of all parameters in the data
bank. They are numbered and ordered as in the Data Bank For.. The
classification hierarchy is illustrated in Fig. 1. For each of 12
parameters, a table has been provided in which entries may be added
as the data bank grows.
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INTRODUCTION

Doppler ultrasonic monitoring of the precordial region of
divers has proven to be of considerable benefit for the evaluation
of diver decompression stress in subssturation dives (Lagrue et al,
1978) and saturation dives (þasurel et al, 1978).

In order to better understand the significance of Doppler
ultrasonic measurements and the effect of various dive parameters
on decompression stress, it is necessary to perform correlation
studies of the Doppler results with such parameters as incidence
of decompression sickness, decompression models, characteristics
of divers, etc. These studies are facilitated by the establishment
of a computerized data bank suitable for data storage as well as
computer analysis.

This report describes the Doppler Ultrasonic Data Bank (DUDB)
established at the Centre d'Etudes et de Recherches Techiques
Sous-Marines (CERTSM), France, during the posting of Dr. Kisman
from the Defence and Civil Institute of Environmental Medicine
(DCIER), Canada. A joint data base has been established for use
by CERTSM and DCIEH personnel to increase the amount of accessible
data and to better exploit the inherent possibilities.

DESCRIPTION OF DATA BANK

It has been customary to monitor ultrasonic data aurally with
headphones and assign a grade according to Spencer's classification
code (Spencer, 197k). A new code, the KM code, has recently come
into use_(Kisman et sl, 1978a). This code provides more detailed
information about the bubble flow; furthermore, it may be evaluated
by means of aural monitoring or computer signal analysis. Bubble
grades equivalent to those in Spencer's code are provided for the
KM code values in a correlation table (Kisman et al, 1978a). Hence
precordial Doppler ultrasonic results may be expressed in the form
of 3 digit KM code values and/or I digit bubble grades.

In addition to the ultrasonic results, the data bank contains
many other dive parameters useful for correlation studies. Before
these psrssters are entered into the date bank, they are written
on a Data Bank Form by diving personnel during the decompression
(see example, Appendix I).

The following is s description of all parameters in the data
bank. They are numbered and ordered as in the Data Bank Form. The
classification hierarchy is illustrated in Fig. 1. For each of 12
parameters, a table has been provided in which entries may be added
as the data bank grove.
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1) File No: The number used to identify the files (see Fig.
1 and Table I). Each diver in each dive 1. assigned a
file number.

2) File Name: The name used by the computer to identify and
access the file. It must consist of 5 alphanumeric charac-
ters.

3) No of Dive Seric’:~~ The number designating the collection
of related diveu which have been grouped together to form
a series (see Fig. 1 and Table I).

4) Name of Dive Series: The name of the dive series identi-
fied by parameter #3 (used only as aid for reader , not for
computer accessing —— see Table I).

5) Profile No: The number designating the dive profile or
table followed for the dive identified by parameter #7
(see Table II).

6) Name of Profile: The name describing the dive profile or
table identified by parameter #5 (used only as aid for
reader —— see Table II). It may contain up to 45 alpha—
numeric characters.

7) Dive No: The number designating the particular dive (see
Pig. 1 and Table I).

8) Name of Dive: The name normally assigned by the diving
personnel to de3cribe the dive identified by parameter #7
(used only as aid for reader). It may contain up to 45
alphanumeric charActers.

9) Diver No: The number designating the diver (see Table III).

10) Name of Diver: The name of the diver with surname first
(used only as aid for reader —— see Table III). It may
contain up to 45 letters.

j 11) Associated DUDB Files: The DUDE file names for other di—
vers who participated in the same dive (i.e., having the
s~~ Dive No).

12) Auxilliary Files: Other data files (not DUDB files)
containing pertinent, aüxilliary information such as pres-
sure and gas composition measured during the dive.

13) TIme of Day: The t ime of day in “hours, am ” (e.g., “18,
36”) corresponding to time zero of the dive timer.
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1) File No: The number used to identify the files (see Fig.
1 and Table I). Each diver in each dive is assigned s
file nuber. *

2) File Name: The name used by the computer to identify and
access the file. It must consist of 5 alphanumeric charac-
ters.

3) No of Dive Series: The number designating the collection
of related dives which have been grouped together to form
a series (see Fig. 1 and Table I).

6) Name of Dive Series: The name of the dive series identi-
fied by parameter #3 (used only as aid for reader, not for
computer accessing ðð see Table I).

S) Profile No: The nuber designating the dive profile or
table followed for the dive identified by parameter #7
(see Table II).

6) Name of Profile: The name describing the dive profile or
table identified by parameter #5 (used only as aid for
reader -ð see Table II). It may contain u to 45 alphað
numeric characters.

7) Dive No: The number designating the particular dive (see
Pig. 1 and Table I).

8) Name of Dive: The name normally assigned by the diving
personal to describe the dive identified by parameter I7
(used only as eid for reader). It may contain up to 45
alphaueric characters.

. 9) Diver No: The number designating the diver (see Table III).

10) Name of Diver: The name of the diver with surname first
(used only as aid for reader ð- see Table III). It may
contain up to 45 letters.

J ll) Associated DUDB Files: The DUDB file names for other di-
\ vers who participated in the same dive (i.e., having the

same Dive No). , 1

12) Aumilliary Files: Other data files (not DUDI files)
containing pertinent, auxilliary information such as pres-
sure ad gas composition measured during the dive.

13) ims : The time of day in "hours, min" (e.g., "18,
8:ra 8%n
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14) Date of Dive: Has the form “day, month, year” (e.g., “4,
1, 78” or~”24 , 10, 77”) .

15) Weight: The diver ’s weight in kilograms (kg).

16) Height: The diver’s height in meters (a).

17) Fat Comp: The fat composition of the diver. The scale
has yet to be established.

18) Type of Dive: The type of dive may be classified according
to existing or new entries in Table IV.

19) EnvIronment: The environment of the dive may be classified
according to existing or new entries in Table V.

20) ‘geaPerature: The temperature experienced by the diver (in
C).

21) Type of Work: The nature of the work performed by the diver
may be identified according to existing or new entries in
Table VI.

22) Quantity of Work: The quantity of work performed by the
diver at the bottom depth (in kwatt—hours).

23) TSP. Recorder: The number of the tape recorder used to
tape the ultrasonic data (see Table VII).

24) Tape No: The number designating the tape on which the
ultrasonic data is recorded (see Table VIII).

25) Depth Code: The code designating the units used for all
depth measurements (see Table IX).

26) Bottom Depth: The depth at bottom of the dive.

27) Time Code: The code designating the format used to express
time in all cases (see Table X).

J 28) Time Prof Alt: The t ime from the dive timer at which the
• profile, designated by Profile No. was altered due to de-

compres.ion sickness, excessive bubbles, etc.

29) T(Beg): The ti.. from the dive timer indicating when
the dive started. It is normally set equal to zero.

• 30) TIArrival): The time from the dive timer indicating
arrival at bottom of dive.

-: - -- -
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Date of Dive: Has the form "day, month, year" (e.g., "4,
1, 78" or "24, 10, 77").

Weight: The diver's weight in kilograms (kg).

Height: The diver's height in meters (m).

Fat Copp: The fat composition of the diver. The scale
has yet to be established.

Type of Dive: The type of dive may be classified according
to existing or new entries in Table IV.

Environment: The environment of the dive may be classified
according to existing or new entries in Table V.

Tepperature: The temperature experienced by the diver (in
C).

Type of Work: The nature of the work performed by the diver
may be identified according to existing or new entries in
Table VI.

Quantity of Work: The quantity of work performed by the
diver at the bottom depth (in kwatt-hours).

Tape Recorder: The nuber of the tape recorder used to
tape the ultrasonic data (see Table VII).

Tape No: The number designating the tape on which the
ultrasonic data is recorded (see Table VIII).

Depth Code: The code designating the uits used for all
depth measurements (see Table IX).

Bottom Depth: The depth at bottom of the dive.

Time Code: The code designating the format used to express
time in all cases (see Table X).

Time Prof Alt: The time from the dive timer at which the
profile_designated by Profile No. was altered due to de-
compression sickness, excessive bubbles, etc.

TÄBeg]:_ The time from the dive timer indicating when
the dive started. It is normally set equal to zero.

T(Arrival): The time from the dive timer indicating
arrival at bottom of dive.
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31) T(lleg, Decoap): The t ime from the dive timer indicating
the beginning of the decompression .

32) T(End Deco~~): The time from the dive timer indicating
the end of the decompression .

3
33) Coamenta: Special comeents about the dive may be entered

here.

34) Monitor Nos: The numbers designating the monitors who
acquiaitioned the ultrasonic data and evaluated the code
values or bubble grades in the list of results on the
second page of the Data Bank Form. The order of the moni-
tor numbers is the same as used in the list of results.

35) Total No of Evaluations: The number of evaluations in
the following list of results multiplied by the number of
monitors.

36) E~al No: The number of the evaluation performed by a
monitor for a particular section of data. When all of
the evaluations made by one monitor are listed, the
Eval No. is reset to 1 for the results of the next
monitor. p

37) D(R): The bubble grade or code value assigned by the
monitor for the section of data corresponding to the
diver at rest. If no assignment was made because of
bad data, 999 is entered.

I
38) D($): This is the same as D (R) but is used for the section

of data corresponding to the diver performing a specified
movement.

39) Time: The time from the dive timer at which the ultrasonic
monitoring of the diver was performed.

40) Depth: The depth at which the ultrasonic monitoring of the
diver was performed.

41) Tape Rest: The number on the counter of the tape recorder
at which occurs the beginning of the data for the diver at
rest.

42) ~~~~~~~~ The number. on the counter of the tape recorder
at which begins the data following diver movement (for up
to three movements).

)
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31) TÄIeg Decppp): The time from the dive timer indicating
the begining of the decompression.

32) TÄlnd Decg!p): The time from the dive timer indicating
the end of the decompression.

33) Comments: Special comments about the dive may be entered
here.

3b) Monitor Nos: The nubers designating the monitors who
acquisitioned the ultrasonic data and evaluated the code
values or bubble grades in the list of results on the I
second page of the Data Bank Form. The order of the moni-
tor nubers is the same as used in the list of results.

35) Total No of Dvaluationsz The number of evaluations in
the following list of results multiplied by the number of
monitors. I

36) Evsl No: The number of the evaluation performed by a
monitor for a particular section of data. when all of
the evaluations made by one monitor are listed, the
Eval No. is reset to 1 for the results of the next
monitor. U

37) D(R): The bubble grade or code value assigned by the
monitor for the section of data corresponding to the
diver at rest. If no assignment was made because of
bad data, 999 is entered. ,

38) DÄ!): This is the same as D(R) but is used for the section
of data corresponding to the diver performing a specified
movement.

39) Time: The time from the dive timer at which the ultrasonic
monitoring of the diver was performed. 3

40) Depth: The depth at which the ultrasonic monitoring of the
J diver wee performed.

\ 41) Tppe Rest: The number on the counter of the tape recorder
at which occurs the beginning of the data for the diver at
rest.

A2) Tppp Hove: The nubers on the counter of the tape recorder
at which begins the data following diver movement (for up
to three movements).

~
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43) WD(R): A whole between 0 and 4 (maximum weight) which is
determined by the monitor as the weight to be assigned to
the result D(R) based on the quality of the signal on the
recording.

* 44) WD(M): This is the same as WD(R) but applies to the result
D(M) .

45) No of Incidencas of D.S..: The number of times the diver
experiences decompression sickness. If no report is avail—
able as to whether or not D.S. occurred, this number is set
at “—1”.

46) D.S. No: The number, starting at “1”, designating in order
of appearance the incidence of decompression sickness.

$ 47) Type: The type of decompression sickness as listed in Table
XII.

48) Severity: A number describing the severity of the sickness.
The scale is yet to be determined but it must consist of in-
teger numbers (e.g., 0 to 10).

I
49) T(Start): The time fto* the dive timer indicating the

start of the decompression sickness.

50) P(Start): The depth of the comeenceaeut of the decompres-
sion sickness.

. 5
51) T(~~d) : The time according to the dive timer of the end

of the decompression sickness.

52) P(End): The depth of the end of the decompression sick-
ness.

p ‘ I

This data bank does not contain the actual pressure versus
time and gas composition measurements that may be obtained in
other data banks such as CANDID (Xuehn and Sweeney, 1973) in use
at DCt~~(. However, the profile or dive table used to control the
dive i. identified in DUDB by a number and a name.

)
There are currently 80 DUDE files in the data bank. These

:~~. files, which have names 00001 to DOOSO, constitute the dive series
P “Doris France — Amer Profile Comparison ” (Lagrue et al , 1978) .

Li 
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43) HDÄR[: A whole between 0 and 4 (maximum weight) which is
determined by the monitor as the weight to be assigned to
the result D(R) based on the quality of the signal on the
recording.

I
64) WDÄH[: This is the same as ND(R) but applies to the result

D(M).

45) No of Incidences of D.S.: The number of times the diver
experiences decompression sickness. If no report is avail-

; able as to whether or not D.S. occurred, this nmber is set
at "-1" ó

46) D.S. No: The nmber, starting at "1", designating in order
of appearance the incidence of decompression sickness.

3 47) T225: The type of decompression sickness as listed in Table
XII.

Ã8) Severity: A number describing the severity of the sickness.
The scale is yet to be determined but it must consist of in-
teger numbers (e.g., 0 to 10).

I
Ã9) TÄStert): The time from the dive timer indicating the

start of the decompression sickness. .

$0) Pgstart): The depth of the commencement of the decompres- A
sion sickness.

I
S1) TÄEnd): The time according to the dive timer of the end

of the decompression sickness. '

52) P(End): The depth of the end of the decompression sick-
ness.

I
This date bank does not contain the actual pressure versus ;

time and gas composition measurements that may be obtained in -
_ other data banks such as CANDID (Kuehn and Sweeney, 1973) in use

J. at DCIEHè' However, the profile or dive table used to control the
ó dive is identified in DUDB by a number and a name.

r I '
~ There are currently 80 DUDB files in the data bank. These
=2 files, which have nemes D0001 to D0080, constitute the dive series

"Doris Frace - Amer Profile Comparison" (Lagrue et a1, 1978).
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PROCEDURE

A) During the dive, the diving personnel fill out the Data Bank
Form in a manner similar to that shown in Appendix I. Where
necessary, the bubble grades or code values may be evaluated
(from the recording of the ultrasonic data) and entered in
the Data Bank Form following the dive.

The Data Bank Form shown in Appendix I contains, as an example,
the data entered for the first file, 00001, in DUDB. The data
format required is indicated on the Form. The rules for enter-
ing the data are as follows:

a) Integers are indicated by the letter “I” . For example,
“313” means that three integer numbers (separated by
comsas) containtng a maximum of 3 characters each may be
used. For the PDP—11/i0 computer the maximum value is
32767 for an integer number.

b) Real numbers are indicated by the letter F. For example,
“P7.2” means that a real number must be used (i.e., con-
taining a decimal point), that the maximum number of charac-
ters including the decimal point is 7, and that at most two
characters after the decimal point may be used.

c) The letter “A” indicates that numbers, letters or symbols
may be used in free format. For example, “5A1” means that
five characters may be entered.

d) For items 11 and 12 on the Data Bank Form, only one charac-
ter can be entered In each space provided. The file names
are separated by a space or a comae.

e) If there is no data available for a given parameter, one
enters 0 for a parameter of the form “I”, 0. for a pare—
meter of the form “F”, and blank spaces for a parameter
of the form “A”.

f) After the data has been entered for the first monitor in
items 36 to 44, it is not necessary to repeat the informa-
tion in items 39 to 42 for subsequent monitors.

g) When necessary, appropriate additions may be made to Tables
I to XII .

B) Following the dive, the data from the Data Bank Form are entered
into a computer via a teletype and stored on computer media such
as floppy disks or magnetic tapes. The data from one Data Bank
Form constitute one DUDB file.
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PROCEDURE

A) During the dive, the diving personnel fill out the Data Bank
Form in a manner similar to that shown in Appendix I. Uhere
necessary, the bubble grades or code values may be evaluated
(from the recording of the ultrasonic data) and entered in
the Data Bank Form following the dive.

The Data Bank Form shown in Appendix I contains, as an example,
the data entered for the first file, D0001, in DUDB. The data
format required is indicated on the Form. The rules for enter-
ing the data are as follows:

a) Integers are indicated by the letter "I". For example,
"313" means that three integer numbers (separated by
commas) containing a maximum of 3 characters each may be
used. For the PDP-11/10 computer the maximu value is |
32767 for an integer number.

b) Real numbers are indicated by the letter F. For exaple,
"F7.2" means that a real nuber must be used (i.e., con-
taining a decimal point), that the maximum nuber of charac-
ters including the decimal point is 7, and that at most two ' 1
characters after the decimal point may be used.

c) The letter "A" indicates that numbers, letters or symbols
may be used in free format. For example, "Sal" means that
five characters may be entered.

~ 1
d) For items 11 and 12 on the Data Bank Form, only one charac-

ter can be entered in each space provided. The file names 1 *
are separated by a space or a comma. i

1
' e) If there is no data available for a given parameter, one i

enters 0 for a parameter of the form "I", 0. for a para- - 1
meter of the form "F", and blank spaces for a parameter
of the form "A".

f) After the data has been entered for the first monitor in
items 36 to 44, it is not necessary to repeat the informa-
tion in items 39 to 42 for subsequent monitors.

g) When necessary, appropriate additions may be made to Tables
I to XII. 41.4

B) Following the dive, the data from the Data Bak Form are entered
into a computer via a teletype and stored on computer media such
as floppy disks or magnetic tapes. The data from one Data Bank
Form constitute one DUDB file.
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Currently, the data are entered via a t eletype into a DEC POP—
11/10 computer and stored on floppy disks in a DEC RX—01 floppy
disk system. The operating software used is DEC RT—11 and the
EDIT program provided with this software is used for the crea-
tion of the DUDB files. Approximately 240 DUDB files can be
stored on one floppy disk.

The rules for entering the data into a DUDE file are as follows:

a) The data are entered line by line using the data type indica-
ted on the Data Bank Form and separating each item on a line
with commas. For the first five lines on the Data Bank Form,
the second item must be entered on a separate line. Items 11
and 12 may be separated by either a blank or a comma.

b) The EDIT program in the DEC RT—11 operating software allows
one to enter an Integer number without regard to location
within the field allocated even if it is not followed by a
comma. For example, the number “4” to be entered for para-
meter #35 may be typed in the first space on the line without
a following comma.

Two cOmmas together “ , , “ mean 0 for a parameter of type I
or 0. for a parameter of type F. If following an item on a
line the rest of the items are 0 or 0. the rest of the line
may be left blank.

c) Bubble grades with “+“ or “ — “ symbols are entered
• . according to the following table :

Bubble grade 0 1— 1 f 1+ 2— 2 2+ 3— 3 3+ 4— 4 4+

• Data entered 0 10 1 11 20 2 21 30 3 31 40 4 41

C) The contents of the new DUDB file may be verified by running the
program DEV which is described below. With 0EV, one may list a
single DUDB file or a series of files one after the other. To

• list a series ~UDB files, another type of file, a “file file”
is created using, once again, the EDIT program. The file file
consists of

a) an integer number, on the first line, which indicates
the number of DUOB file names in the file file.

b) the DUDE file names (one per line) up to a maximum
of 100 lines.
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ó Currently, the data are entered via a teletype into a DEC PD?-
, ll/10 computer and stored on floppy disks in a DEC RX-01 floppy
, disk system. The operating software used is DEC RT-ll and the
I EDIT program provided with this software is used for the crea-
L tion of the DUDB files. Approximately 240 DUDE files can be

\ stored on one floppy disk.

The rules for entering the data into a DUDE file are as follows:

s) The data are entered line by line using the data type indica-
ted on the Data Bank Form and separating each item on a line
with commas. For the first five lines on the Data Bank Form,
the second item must be entered on a separate line. Items 11
and 12 may be separated by either a blank or a comma.

b) The EDIT program in the DEC RT-11 operating software allows
one to enter an integer number without regard to location

' within the field allocated even if it is not followed by a
' comma. For example, the number "4" to be entered for para-

meter #3S may be typed in the first space on the line without
a following comma.

Two commas together ",," mean 0 for a parameter of type I
or 0. for a parameter of type F. If following an item on a
line the rest of the items are 0 or 0. the rest of the line
may be left blank. 1' \

' c) Bubble grades with "+" or "-" symbols are entered ó
f according to the following table:

I

ó, ' ' " " ' 1
= Bubble grade 0 1- 1 ó 1+ 2- 2 2+ 3- 3 3+ 4- 4 4+

Data entered 0 10 1 Q 11 20 2 21 30 3 31 40 4 41 ó

-itði*_ i

4 C) The contents of the new DUDB file may be verified by running the
; 1 program DEV which is described below. With DEV, one may list a
, single DUDB file orga series of files one after the other. To

list a series . DUDE files, another type of file, a "file file"
p is created using, once again, the EDIT program. The file file

' consists of

' a) an integer nuber, on the first line, which indicates
the number of DUDE file names in the file file.

D b) the DUDB file names (one per line) up to a maximum
of 100 lines.

. .

E
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D) The DUDE files may be used in application programs such as SEV
(which is described below) to calculate the index of severity or
perform correlation studies.

PROGRAM DEV

The computer program for data evaluation, DEV, is used to list
and verify the data in the DUDE files. It is written in Fortran to
be compatible with scientific applications programs (see below) for
which Fortran is co~~~nly used.

An example showing how DEV may be used is provided in Appendix
II. In Part a), the data are shown exactly as they were typed in on
the teletype from the Data Bank Form to create DUDE File D000l using
the EDIT program.

Then the program, 0EV, is run as shown in Part b) of Appendix
II. The instructions for running the program are :

a) The computer requests “Number of file files?”. This is
the number of file files which are described in Part C of
PROCEDURE. For example , one may wish to use one file file
named FF1 containing DUDE Files 00001 to 00100 and a second
file file named FF2 containing DUDE Files 00101 to 00140.

In this example, one would type “2+” where “ +“ means
teletype carriage “return”. If only a single DUDE file
is required , no entry is made (one types “4”) .

b) If an entry is made to the first question, the second
question is “PILE FILE” . In the above example, one
types “FF14”.

c) If no entry is made to the first question, the second
question is “DIVE FILE:”. As an example , one may type
“00001+” to list DUDE File D0001.

Finally, in Part c of Appendix II, there is a complete listing
of the program DEV.

PROGRAM 5EV

An applications program, SEV j~~ evaluation) , has been written
in Fortran to evaluate the index of severity of decompression , S
(Kisaan et al, 1978), using the ultrasonic data stored in a DUDE
file.

A .  / ~~~~% .
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D) The DUDE files may be used in application programs such as SEV
(which is described below) to calculate the index of severity or
perform correlation studies.

PROGRAM DEV

The computer program for data ggalustion, DEV, is used to list
and verify the data in the DUDE files. It is written in Fortran to
be compatible with scientific applications progres (see below) for
which Fortrsn is coinly used.

An example showing how DEV may be used is provided in Appendix
II. In Part s), the data are shown exactly as they were typed in on
the teletype from the Data Bank Form to create DUDE File D0001 using
the EDIT program.

Then the progra, DEV, is ru as shown in Part b) of Appendix
II. The instructions for runing the program are:

s) The computer requests "Nmber of file files?". This is
the number of file files which are described in Part C of
PROCEDURE. For example, one may wish to use one file file
named FF1 containing DUDE Files D0001 to D0100 and a second
file file named FF2 containing DUDE Files D0101 to D0140.

In this example, one would type "2+" where "+" means
teletype carriage "return". If only a single DUDE file
is required, no entry is made (one types "+").

b) If an entry is made to the first question, the second
question is "FILE FILE". In the above example, one
types "FF1+".

c) If no entry is made to the first question, the second
question is "DIVE FILE:". As an example, one may type
"D0001+" to list DUDB File D0001.

Finally, in Part c of Appendix II, there is a complete listing
of the program DEV. .

PROGRAM SEV

An applications program, SEV'jÄ_ggaluation),has been written
in Fortran to evaluate the index of severity of decompression, S
(lismn et sl, 1978), using the ultrasonic data stored in s DUDE
file.
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t
The general expression for the Index of severity is

1S (ci,f) — — E{(da 
~ 

+ da j 1)(t i —

L (0.02)(45 (t~ — 
t0) i—i

where the index i represents the measurement number for the
measurements of bubble grade, d 

~ 
(1 ~ 0 indicates the be-ginning of decompression, i j1indicates the final measurement),

d is the bubble grade measured (for y — r, the diver is at
r~*& during the measurement, for y — m the diver performs a
specified movement) ,

t~ is the t ime at which measurement number i was made, and

Pj  is the depth at which measurement number i was made.

This equation represents the integration over time of the bubble grades
d (having exponent ~ as an experiaentally determined parameter). Thedenominator is a normalization factor. The factor, f(p4,p~~~), takesinto account the fact that the significance of the bubBle grades may be
functions of the depth at which they are measured. Experimental

• evidence (Kisuien at al , 1978) indicates that the factor f may be set
equal to 1 for air dives so that S~(~~f) S~,(cs) .

As an illustration of the use of SEV for computing the index
of severity, S (ci), an example of its use and a complete listing of
5EV have been rovided in Appendix III. In Para a) of Appendix III,

• SEV is run using the DUDE File 00001. The computer output is in
the form of S(R ,cs) or S(M ,ct) where y — R defines the situation
where the diver is at rest and y — M indicates that the diver has
performed a specified movement. A complete set of results for which
the parameter ci varies between 1 and 7 is provided for each monitor.
Instructions for the use of SEV are as follows:

a) In response to the first question, “type 1 for data
listing:”, one types “1+” to obtain a data listing
in a format identical to that obtained with the

J program, 0EV . One types “ “ if no data listing is
desired .

• b) The second number required is the time code as defined
in Table X which designates the format used for the
second number , the time , range. The time range is the
maximum time after the beginning of decompression
within which the ultrasonic data in the DUDE file are

- used to calculate S.

c) The subsequent questions are identical to those posed
in DEV.

• — — -
~~~~~~~ 

—
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1 The general expression for the index of severity is
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L | 5"ñ) (o.o2)(1.Áó>(c;\ - =0) 1EÄ(dY-1 + dY""mó - t"ómP"pó.'1)}
where the index i represents the measurement number for the

1 measurements of bubble grade, d 1 (i - 0 indicates the be-
ginning of decompression, i - jYindicates the final measurement),

d is the bubble grade measured (for 7 I r, the diver is at
J ' rlef during the measurement, for Y - m the diver performs a

specified movement),

i ti is the time at which measurement number i was made, and

pi is the depth at which measurement number i was made.
O

" This equation represents the integration over time of the bubble grades
d (having exponent o as an experimentally determined parameter). The
denominator is a normalization factor. The factor, f(p ,p1_1), takes
into account the fact that the significance of the bubdle grades may be
functions of the depth at which they are measured. Experimental

R evidence (Kisman et al, 1978) indicates that the factor f may be set
equal to 1 for air dives so that SY(a,f) E SY(o).

As an illustration of the use of SEV for computing the index
of severity, S (o), an example of its use and a complete listing of
SEV have been provided in Appendix III. In Para a) of Appendix III,

5 SEV is ru using the DUDE File D0001. The computer output is in
the form of S(R,o) or S(M,u) where 7 - R defines the situation
where the diver is at rest and 1 - M indicates that the diver has
performed a specified movement. A complete set of results for which
the parseter a varies between 1 and 7 is provided for each monitor.
Instructions for the use of SEV are as follows:

I
a) In response to the first question, "type 1 for data

listing:", one types "1+" to obtain a data listing
Â in a format identical to that obtained with the

1 program, DEV. One types " " if no data listing is
ó desired.

b) The second nuber required is the time code as defined
in Table X which designates the format used for the
second number, the time range. The time range is the
maximum time after the beginning of decompression
within which the ultrasonic data in the UDBfile are
used to calculate S.

c) The subsequent questions are identical to those posed
in DEV.
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The DUDE data bank and the program, 5EV, were used in an
experimental program to compare bounce dive tables of the Minist~reFrazicaie du Travail with corresponding American surface decosprea-
sion tables having the same bottom depth and time at bottom (Lagrue
at al, 1978) . Seventy—two man—dives for 18 French and 18 corres-
ponding American profiles were performed and the data were entered
into 72 files of the DUDE data bank. The ultrasonic data for one
diver, DA, diving to 33 m for 40 mm are shown in Fig. 2 for the
French profile A and the American profile B. All of the bubble
grade measurements made during and following the decompression were
used by the program SEV to compute the index of severity S (3).
Statistical comparisons of Sr(3) were made for the two series ofprofiles. The general result of this study is that there is no
statistically significant difference in decompression stress in the
two series even though the American profile briefly produces a
high pressure gradient in the tissues of the divers at the begin-
ning of the decompression. Hence, because surface decompression is
safer operationally, the American series is the preferred one.

CONCLUSIONS

A Doppler ultrasonic data bank has been established. All of
the parameters included in the data bank have been fully described
and for each of twelve parameters, a table has been provided in
which entries may be added as the data bank grows • The procedure
for entry of data (including a copy of the Data Bank Form used),
the verification of, and use of the data have been outlined. The
program, DEV, which is used for listing and verification of DUDE
files has been listed and an example of its use provided. The
program, 5EV, which is used to calculate the index of severity of
decompression has been listed and an example of its use provided.
The program, SEV , is the first of many possible applications pro-
grams which will make use of the information stored in 1*1DB files.
The DUDE data bank and the program, SEV , were employed to compute
the index of severity, S(R,3), in order to compare a series of
French and corresponding American dive profiles in an experimental
program involving 72 man-dives.
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The DUDE data bank ad the program, SEV, were used in n
experimental program to compare bounce dive tables of the Hinistere
Francais du Travail with corresponding American surface decompres-
sion tables having the sae bottom depth and time at bottom (Lagrue
et al, 1978). Seventy-two man-dives for 18 French and 18 corres-
ponding American profiles were performed and the data were entered
into 72 files of the DUDE data bank. The ultrasonic data for one
diver, DA, diving to 33 m for 40 min are shown in Fig. 2 for the
French profile A and the American profile E. All of the bubble
grade measurements made during and following the decompression were
used by the program SEV to compute the index of severity 8 (3).
Statistical comparisons of Sr(3) were made for the two series of
profiles. The general result of this study is that there is no
statistically significant difference in decompression stress in the
two series even though the American profile briefly produces a
high pressure gradient in the tissues of the divers at the begin-
ning of the decompression. Hence, because surface decompression is
safer operationally, the American series is the preferred one.

CONCLUSIONS

A Doppler ultrasonic data bank has been established. All of
the parameters included in the data bank have been fully described
and for each of twelve parameters, a table has been provided in
which entries may be added as the data bank grows. The procedure
for entry of data (including a copy of the Data Bank Form used),
the verification of, and use of the data have been outlined. The
program, DEV, which is used for listing and verification of DUDE
files has been listed and an example of its use provided. The
program, SEV, which is used to calculate the index of severity of
decompression has been listed and an example of its use provided.
The program, SEV, is the first of many possible applications pro-
grams which will make use of the info-nation stored in DUDE files.
The DUDE data bank and the program, SEV, were employed to compute
the index of severity, S(R,3), in order to compare s series of
French ad corresponding American dive profiles in s experimntsl
program involving 72 man-dives.
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