


Figure 4.11: Scatter plot of all bathymetry survey tracks in Sulphur River
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Figure 4.12: Mapping of LWD locations based upon spikes in the dataset that have a relative
height greater than 0.5 m. The median filter is of length 23.
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Chapter 5

Conclusion

The more frequent use of two-dimensional hydrodynamic rivers models also requires more
detailed bathymetry surveys. For smooth bathymetries, there is little difficulty in developing
accurate translations from survey data to model; however, in rivers with significant bottom
structure — as is the case in the Sulphur River — simple data averaging and interpolation
methods may lead to misrepresentation of the bottom bathymetry.

Given the fine bathymetry gathered by Texas Water Development Board, it was necessary
to identify in the data set what was true bathymetry from what was caused by large woody
debris. To do so, the hypothesis was laid out that severe disruptive spikes in the data set be
the signature of large woody debris. Two groups of methods have been investigated to serve
our objective: statistical techniques and filtering techniques.

Simple statistical methods, such as moving average and standard deviation, were useful to
diagnose the presence of spikes in the averaged set. However, spikes were inconsistently pro-
cessed by the moving average: while narrow peaks were cut out, broader peaks were merely
flattened and remained. None of these simple methods constitutes a practical, systematic
way of identifying spikes. Turning to more involved techniques, such as semivariogram and
scale-space analysis, did not provide us with a viable alternative.

Unlike the first group of methods, the second group focused more on separating spikes from
the true bathymetry. An artificial bathymetry presenting both sharp edges and spikes was
manufactured to assess the effectiveness of techniques in eradicating spikes while preserving
edges. Linear lowpass filtering was first tried out but failed at fulfilling that goal. Nonlinear
filters — median and erosion filters — were far more succesful at preserving sharp edges and
cutting off spikes. Median filtering is specifically designed to serve that goal and is therefore
not hindered by the inherent tradeoff associated with linear filters. Erosion filtering, while
eradicating spikes, also erodes large-scale bathymetric features and is therefore outperformed
by median filtering, which leaves large-scale features undisturbed.

Median filtering may be considered a very effective — and simple — technique to filter out
spikes generated by the presence of submerged large woody debris in rivers. In addition,
not only does median filtering yield a smooth, applicable bathymetry, it also gives LWD
locations, which is of high interest in aquatic habitat analysis.
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1D one-dimensional

2D two-dimensional

DTFT Discrete Time Fourier Transform
FIR Finite Impulse Response

ITR Infinite Impulse Response

LWD large woody debris

FFT Fast Fourier Transform

GPS Global Positioning System

TWDB Texas Water Development Board
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Appendix A

Pictures of LWD in Sulphur River

This appendix contains more pictures of LWD in the Sulphur River. All pictures were
taken on (date ?) by Texas Water Development Board (TWDB) during low flow.

Figure A.1: Emergent LWD in the Sulphur River (Northeast Texas).

Figure A.2: Emergent LWD in the Sulphur River (Northeast Texas).
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Figure A.3: Emergent LWD in the Sulphur River (Northeast Texas).

Figure A.4: Emergent LWD in the Sulphur River (Northeast Texas).

Figure A.5: Emergent LWD in the Sulphur River (Northeast Texas).
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Appendix B

Bathymetry Process 1.1: User’s guide

B.1 Introduction

The program bp provides tools to process raw bathymetry data, export processed data for
use under Matlab, identify LWD (using median filtering) and export filtered bathymetry.

For Linux users, if Gnuplot is available on the machine where bp is installed, plotting is
an option and allows for producing scatter plots of depth measurement locations as well as
original and filtered bathymetries. The latter is particularly convenient for assessing the
quality of a filter before quitting bp.

The interface between C and Gnuplot is provided by the gnuplot_i library written by N.
Devillard (ndevilla.free.fr).

B.2 Installation
This section describes the requirements and the steps necessary to compile and run bp.

B.2.1 Requirements

For Linux, the following is required :
e C compiler (gcc).
e make (to interpret the Makefile).

e Gnuplot is optional.

For Windows, a C or C++ compiler is required. I have not tried to compile and run it
under Windows but I was told it works well.

The Windows version does not support Gnuplot. The interface gnuplot_i uses POSIX
pipes that are not supported under Windows.
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B.2.2 Compilation of the source
Under Linux, the only thing to do is to type make from within the directory containing

the source. Note that make all or make os_linux will do the same.

Under Windows, the first thing to do is to edit the file os.h and comment out the line #
define 0S_LINUX. This will ensure that all Gnuplot-related instructions in the source code
be removed by the preprocessor. It is now ready for compilation. By using the Makefile, just
type make os_win. Without using the Makefile, I don’t know but make sure not to include
graphs.* and gnuplot_i.* in the compilation.

B.2.3 Completion

When installing under Linux, make sure the directories gnuplotdata and gnuplotfigs
are in the same directory as the binary.

B.3 Utilization

bp must be invoked with two arguments. The usage is
bp FILE PREFIX

where FILE is the file containing the raw data and PREFIX is the prefix of all output files
(more on that below). Note that invoking

bp --help

will display a short help message reminding the user how to run bp.

B.3.1 Processing raw data

This corresponds to item 1 in the MAIN MENU and leads to the RAW DATA MENU that
permits the user to choose among three data file configurations. The menu items are self-
explanatory.

Processing raw data must be performed prior to any other task. It reads the file, stores
all data into memory and computes statistics (such as mean depth per GPS position).

B.3.2 Identifying Large Woody Debris

This selection corresponds to item 2 in the MAIN MENU and leads to the LWD IDENTI-
FICATION MENU from which two identification methods are proposed. Both are based on
median filtering!. Under each selection, the user is required to enter a filter half-length.

IRefer to section B.4 for a brief overview of median filtering or section 4.2 for more detailed explanations.
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First method The first method filters the data with a single filter half-length. The user
is then invited to enter a discriminatory height h. LWD identification works as follows.
The difference between original and filtered bathymetries is calculated and all spikes whose
height is larger than h are viewed as belonging to a piece of woody debris. In parallel to this
process, two files are created. Median-filtered data are exported into PREFIX.f1lt and LWD
locations are exported into PREFIX.1lwd. The format of PREFIX.f1lt is

LON1 LAT1 H1
LON2 LAT2 H2

where LON, LAT and H are the longitude, latitude and filtered bathymetry data point,
respectively. The format of PREFIX.1wd is

LON1 LAT1 I1
LON2 LAT2 I2

where I is the data point index within the data set.

Second method The second method performs median filtering with several filter half-
lengths. If K is the filter half-length entered by the user, filtering will be performed with
filter half-lengths 1 2... K. For each filtering, the two same files as above are created,
namely PREFIX ##.f1t and PREFIX_##.1lwd where ## is replaced by one of the filter half-
lengths. The second method allows for distinguishing between spike widths, as explained in
the appendix.

B.3.3 Exporting processed data

Processed data may be exported into Matlab scripts. The following files are created when
selecting item 3 in the MAIN MENU. Within each of these files, the first lines describe the
content.

e PREFIX_sum.m : This file contains summarized data per GPS position.

e PREFIX fin.m: This file contains all depth measurements with GPS positions linearly
interpolated between known positions.

e PREFIX lum.m : Obselete and not useful anymore. Will be disabled in subsequent
versions.

B.3.4 Plotting

Plotting with Gnuplot is only available in the Linux version®. Selecting item 4 in the MAIN
MENU enables the PLOTTING MENU. Three graphs may be produced, either in paper version
(Encapsulated Postscript format) or on the screen. The first two items in this menu produce
scatter plots of GPS locations. The 'Fine scatter plot’ option linearly interpolates between

2Who wants to use Windows anyway ?



GPS positions to plot all depth measurement locations. The third menu item produces a
two-graph page comparing original and filtered bathymetries. For each of these plots, the
user is asked whether to produce a paper graph or not. In addition, for the third graph, the
x-axis range must be entered (or enter 0 0 for the entire range).

B.4 Median filtering

A median filter of length 2N + 13 works the following way : for each depth sounding, we
build a data set made of the N soundings preceding it, the N soundings following it and
the sounding itself. We now have a data set of 2/V 4 1 soundings. The center sounding is
replaced by the median of this set. This type of filtering ensures that all edges be conserved.
Therefore, sharp changes in the bathymetry will not be affected. Only spikes will be totally
removed. Specifying a filter half-length of N will remove spikes whose width contains up to
N soundings.

3Note that the user enters the filter half-length .
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Appendix C

Code listing

main.c
Laurent White

Date of creation : 2002-12-19

L

include <stdio.h>
include <stdlib.h>
include <string.h>

H ##

# include "os.h"

# include "preprocess.h"
# include "raw.h"

# include "identifylwd.h"
# include "stdev.h"

# include "postprocess.h"

/* If compiling under Linux, include Gnuplot extension */
# ifdef OS_LINUX

# include "graphs.h"

# include "gnuplot_i.h"
# endif

int main ( int argc, char **argv )
{
int n_gps_positions; /* Number of different locations
* found in input file */
gps_position *gps_positions; /* Array of struct gps_position */
int main_menu_choice;
int return_value;

#ifdef OS_LINUX
gnuplot_ctrl x*h;
#endif

/* Handle arguments */
if ( handle_arguments ( argc, argv ) == 0 )
return O;

/* Allocate memory */
gps_positions = (gps_position *) malloc ( MAX_GPS_POSITIONS * sizeof (gps_position) );

/* Display signature */
(void) display_signature ();

/* Enter main menu loop */
main_menu_choice = MM_NONE;
n_gps_positions = -1;

/* Initialization of Gnuplot */
# ifdef OS_LINUX

h = gnuplot_init ();

# endif

while (1)
{
switch ( main_menu_choice )
{
case MM_RAW:
/* Read raw data and compute statistics */
n_gps_positions = process_raw ( argv[1], gps_positions );

if ( n_gps_positions == 0 ) /* An error occurred in ’process_raw’ */

free ( gps_positions );
return O;
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}

if ( n_gps_positions == -1 )
break;

break;

case MM_LWD:
/* LWD identification */

return_value = identify LWD ( argv[2], gps_positions, n_gps_positions );
if ( return_value == 0 ) /* An error occurred in ’identify_LWD’ */
{

free ( gps_positions );
return O;

}

if ( return_value == -1 )
break;

break;

case MM_EXP:
/* Export to Matlab */
return_value = export_to_matlab ( argv[2], gps_positions, n_gps_positions )

break;

# ifdef OS_LINUX

case MM_GRA:
/* Plotting */
return_value = plotting_menu ( gps_positions, n_gps_positions, h );
break;

# endif

case MM_EXIT:
printf ( "Bye.\n" );
/* Free memory x*/
free ( gps_positions );
return 1;

break;
¥
(void) display_main_menu ();
printf ( " Selection : " );
scanf ( " ", &main_menu_choice );

} /* End main menu loop */
# ifdef OS_LINUX
gnuplot_close (h);

# endif

return 1;
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*
* os.h

*

* Laurent White

*

* Date of creation : 2003-02-21
*

o m e e

# ifndef O0S_H
# define O0S_H

/* If compiling for Windows,
# define O0S_LINUX

# endif /* O0S_H x/

comment the next line */
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*
* defs.h

*

* Laurent White

*

* Date of creation : 2003-02-21

*

I e et e */

# ifndef DEFS_H
# define DEFS_H

# define MAX_FNAME_SIZE 128
/* Define the reference locations */

/* For Raw data 1 */
# define LONGITUDE_1 94.0

# define LATITUDE_1 33.0
# define LONG_C_1 W
# define LAT_C_1 N

/* For Raw data 2 */
# define LONGITUDE_2 94.0

# define LATITUDE_2 33.0
# define LONG_C_2 W2
# define LAT_C_2 N’

/* For Raw data 3 */
# define LONGITUDE_3 97.0

# define LATITUDE_3 29.0
# define LONG_C_3 W
# define LAT_C_3 N’

/* Maximum allowable number of distinct GPS positions */
# define MAX_GPS_POSITIONS 65536

/* Maximum allowable number of soundings at one GPS position */
# define MAX_SOUNDINGS 256

/* Conversion factor : number of feet per meter */
# define CONV_FEET_M 3.28083990

/* Earth radius */
# define RE 6400000

/* Structure defining a GPS position */
typedef struct

int id;

double longitude;

double latitude;

int n_soundings; /* Number of soundings */

double soundings [MAX_SOUNDINGS]; /+* Depth soundings */

double timestamps[MAX_SOUNDINGS]; /* Time stamps of soundings */

double depth_mean; /* Mean depth of soundings */
double depth_mean_smooth; /* Depth of smoothed bath. */
double depth_var; /* Variance of soundings */
double depth_var_smooth;
double slope; /* Local slope (using the mean depths) */
double slope_mean; /* Mean slope of all slopes between
this position and the next one */
double slope_var; /* Variance of all slopes between
this position and the next onex/
double distance; /* Distance between this position and

the next one */
} gps_position;

/* Constants used in Main Menu management */

# define MM_NONE -
# define MM_RAW
# define MM_LWD
# define MM_EXP
# define MM_GRA
# define MM_EXIT

© B WN e

# endif /* DEFS_H %/
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preprocess.h
Laurent White

Date of creation

* K K K X KK

# ifndef PREPROCESS_H
# define PREPROCESS_H

void display_help ();

void display_signature ();
void display_main_menu ();
int handle_arguments ( int

# endif /x PREPROCESS_H */

2003-02-19

argc,

char **argv );
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*

* preprocess.c

*

* Laurent White

*

* Date of creation 2003-02-19

*

I e et e */
# include <stdio.h>

# include
# include

**

include
# include

<stdlib.h>
<string.h>

"os.h"
"preprocess.h"

void display_help ()

Arguments : /

/*
#
#
# Action
#
# Return
*/
{
printf (
printf (
printf (
printf (
printf (
}

"Usage

Display help.

/

bp [FILE] [PREF

IX1" );

"\n\nThis program processes the raw data \

"in files whose prefix is PREFIX.\n" );

"Please refer to manual for detailed help.\n"

"\nFor bugs, please contact lwh@mail.utexas.edu (2003).\n");

void display_signature ()

/*
# Arguments : /
#
# Action Display signature.
#
# Return /
*/

int system_call;

/* Execute

printf
printf
printf
printf
printf
printf
printf
printf

# ifndef 0S_

printf
endif

#* #

printf
printf
printf
printf
# endif
printf
printf

(
(
(
(
(
(
(

(
(

~A~A~A

"This is bp (Bathymetry Process) version 1.1.
(lwh@mail .utexas.edu).

’clear’ shell command */
system_call = system ( "clear" );

Author

Laurent White

University of
Environmental
Civil Engineering Department.

LINUX

"Windows version.

ifdef OS_LINUX

"Linux version.

The interface between C and Gnuplot is provided by

Texas at Austin.

and Water Resources Engineering.

contained in FILE and outputs all results\n" );

Gnuplot extension disabled.

Gnuplot extension enabled.
All graphs are made with Gnuplot 3.7.3.

the gnuplot_i library written by N.

} /x display_signature */

int handle_arguments ( int argc,

/*
# Arguments Same as ’Main’
#
# Action Verification of the number of arguments and
# check if the user asked for help.
#
# Return 0 if an error occurred or the user asked for help.
*/
if ( ( (arge == 2) && strncmp( argv[1], "--help", 6 ) )
{
printf ( "\n" );
printf ( "Error.\nThe source file and the prefix must be specified.\n"
printf ( "\nUse the option \’--help\’ for help" );
printf ( "\n\n" );
return O;
¥

char **argv )

/* Display help message if enquired by userx*/
if ( !strncmp( argv[1],

"--help",

6 ) )

Devillard.
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(arge < 2) )

1 otherwise.
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(void) display_help ();
return O;

if ( argec < 3 )
{
printf ( "\n" );
printf ( "Error.\nThe source file and the prefix must be specified.\n" );
printf ( "\nUse the option \’--help\’ for help" );
printf ( "\n\n" );
return O;

}
return 1;

} /* handle_arguments */

void display_main_menu ()

/*
# Arguments : /
#
# Action : Display help.
#
# Return : /
*/
{
printf ( "\nMAIN MENU\n" );
printf ( "--------- \n\n" );
printf ( M----------mm oo \n" );
printf ( "| Process raw data .................... 1 [\n" )
printf ( "| Identify LWD . 2 |\n" )
printf ( " Export processed data ............... 3 [\n" )
# ifdef OS_LINUX
printf ( "| Plotting ...vvvviiiiiiie e, 4 |\n" )
# endif
printf ( "| I\n" );
printf ( "| 2 v 9 |\n" )
printf ( "-----------mmmm e \n" )
printf ( "\n" );

} /* display_main_menu */
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*
* raw.h

*

* Laurent White

*

* Date of creation : 2002-12-19

* Last update ¢ 2002-06-20

*

I et ] */

# ifndef RAW_H
# define RAW_H

# include "defs.h"

int process_raw ( char *fname_raw, gps_position *gps_positions );
int read_raw ( char *fname_raw, gps_position *gps_positions );

int read_single_sounding_rawl ( FILE *fp_raw, double *longitude, \
double *latitude, double *depth, double *timestamp );

int read_single_sounding_raw2 ( FILE *fp_raw, double *longitude, \
double *latitude, double *depth, double *timestamp );

int read_single_sounding_raw3 ( FILE *fp_raw, double *longitude, \
double *latitude, double *depth, double *timestamp )

int compute_statistics ( gps_position *gps_positions, int n_gps_positions );
double compute_depth_mean ( gps_position *gps );

double compute_depth_variance ( gps_position *gps );

double compute_slope ( gps_position *gpsl, gps_position *gps2 );

double compute_slope_mean ( gps_position *gpsl, gps_position *gps2 );

double compute_slope_variance ( gps_position *gpsl, gps_position *gps2 );
double compute_distance ( gps_position *gpsl, gps_position *gps2 );

# endif

64



XK K K K K X X

#* # H

#
#

rav.c
Laurent White

Date of creation : 2002-12-19
Last update : 2003-06-20

include <stdio.h>
include <stdlib.h>
include <string.h>
include <math.h>

include "defs.h"
include "raw.h"

int process_raw ( char *fname_raw, gps_position *gps_positions )

/*

Arguments : fname_raw is the name of the raw data file.
gps_positions is an array of (struct gps_position).

#
#
#
# Action : 1. Read all soundings, eliminate invalid ones and lump them into

# GPS position (using the structure gps_position)

# 2. Compute all statistics for each GPS position. That is, mean depth
# depth variance, slope, mean slope (same as previous one) and slope
# variance.

#

#

#

#

Return : Number of distinct GPS positions
-1 if the user wants to return to the main menu.
0 if an error occurred.

int n_gps_positions; /* Number of distinct gps positions */

/* Read the file and lump it into distinct GPS positions */
n_gps_positions = read_raw ( fname_raw, gps_positions );

if ( n_gps_positions == -1 )
return -1;

if ( n_gps_positions == 0 )
return O;

/* Compute all statistics for each GPS position */
printf ( " Computing statistics for each GPS position...\n" );
(void) compute_statistics ( gps_positions, n_gps_positions );

printf ( "Processing done. %d distinct GPS positions \
have been detected.\n\n", n_gps_positions );

/* Return the number of GPS positions x/
return n_gps_positions;

} /* process_raw */

int read_raw ( char *fname_raw, gps_position *gps_positions )

/*

Arguments : fp_raw is pointer to a stream.
gps_positions is an array of (stuct gps_positions)

#
#
#
# Action : Reads all lines in the file pointed by fp_raw (according

# to the conversion string specified in ’read_single_sounding_rawN’),
# where N is the raw data ID number.

# Do not take into account records that are invalid. For each

# GPS position in the array, we update the longitude, latitude, number
# of soundings and array of depth soundings. Each GPS position is

# ready for statistics computation.

#
#
#
#

Returns : Number of distinct GPS positions.
Returns 0 if an error occurred.
Returns -1 if the user wants to return to the Main Menu.

/* Variables */
double longitude;
double latitude;

double ref_longitude; /* Reference longitude */

double ref_latitude; /* Reference latitude */

double depth;

double timestamp; /* Time stamp of sounding */

int valid;

int n_invalid_soundings; /* Number of invalid soundings */

int n_soundings; /* Total number of soundings */

int n_distinct_positions; /* Number of distinct GPS positions */
int n_local; /* Counter of soundings for a given GPS location */
int index;

int choice;

FILE *fp_raw; /* File pointer to raw data file */
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/* Initializations */

n_invalid_soundings = 0;
n_soundings = 0;
n_distinct_positions = 0;
ref_longitude = 1000.0;

ref_latitude = 1000.0; /* Set the reference position outside any
* physical range so that the first sounding

* is always a new position

*/
/* Open file */
fp_raw = fopen ( fname_raw , "r" );
if (fp_raw == NULL)
{
printf ( "Opening file ’%s’ failed.\n", fname_raw );

return O;

}

/* Display menu */
printf ( "\nRAW DATA MENU\n" );
printf ( "------------- \n\n" );

printf
printf
printf
printf
printf
printf
printf
printf

)
"l Sulphur River (May 2001) .................... 1 [\n" )
"l Sulphur River (January 2002) ................ 2 [\n" )
" Guadalupe River (April 2003) ................ 3 I\n" );

)
)
)

(
(
(
(
(
(
(
¢ "\n" );

printf ( " Selection : " );
scanf ( "%d", &choice );

if ( choice == 9 )
return -1;

printf ( "\n" );
printf ( "\nProcessing all soundings in ’%s’...\n", fname_raw );
printf ( "\n" );

printf ( " Lumping soundings into common GPS positiomns..." );
fflush ( stdout );

/* Loop through all soundings */

while ( !feof(fp_raw) )

{
/* Increment counter of all soundings */
n_soundings++;

switch ( choice )
{
case 1:
valid = read_single_sounding_rawl ( fp_raw, \
&longitude, &latitude, &depth, &timestamp );
if ( valid == -1 )
return -1;
break;

case 2:
valid = read_single_sounding_raw2 ( fp_raw, \
&longitude, &latitude, &depth, &timestamp );
if ( valid == -1 )
return -1;
break;

case 3:
valid = read_single_sounding_raw3 ( fp_raw, \
&longitude, &latitude, &depth, &timestamp );
if ( valid == -1 )
return -1;
break;

case 0:
return -1;
break;

default:
return -1;
break;

if ( valid )

if ( ( latitude == ref_latitude ) && ( longitude == ref_longitude ) )
/* Same GPS position */
{

n_local++;

gps_positions[index].n_soundings++;

gps_positions[index].soundings[n_local-1] = depth;
gps_positions[index].timestamps[n_local-1] = timestamp;
}
else

/* New GPS position */
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/* Increment the counter of distinct GPS positions */
n_distinct_positions++;

/* Current coordinates become reference coordinates */

ref_longitude =
ref_latitude =

longitude;
latitude;

/* Sets the number of soundings for that GPS position to 1 */

n_local = 1;

/* Set values for new GPS position */

index =

if (index > (MAX_GPS_POSITIONS -

{
fprintf ( stderr,
’read_raw’
return -1;
gps_positions[index]
gps_positions[index]
gps_positions[index]
gps_positions[index]
gps_positions[index]
gps_positions[index]

n_distinct_positions - 1;

1))

"Error.

.id

.n_soundings
.longitude

.latitude
.soundings[n_local-1]
.timestamps[n_local-1]

The index in \
is greater \
than the maximum allowed value.\n"

)

= n_distinct_positions;

= 1;

= ref_longitude;
= ref_latitude;
= depth;

timestamp;

/* Initialization of all statistics x/
gps_positions[index].depth_mean = 0.0;
gps_positions[index].depth_var = 0.0;
gps_positions[index].slope = 0.0;
gps_positions[index].slope_mean = 0.0;
gps_positions[index].slope_var = 0.0;
gps_positions[index].distance =0.0;
}
}
else

*/

/* Increment counter of
n_invalid_soundings++;

invalid soundings

} /* end fp_raw */

printf ( " (Detected %d invalid soundings out of %d
n_invalid_soundings, n_soundings )

soundings).\n", \
/* Close stream */
fclose ( fp_raw );
return n_distinct_positions;

} /* read_raw */

int read_single_sounding_rawl ( FILE *fp_raw, double *longitude, \
double *latitude, double *depth, double *timestamp )

/*
# Arguments fp_raw pointer to a stream.
# longitude, latitude, depth data associated with current sounding.
# The file MUST contain data using the format of SULPHUR RIVER SITE
#
# Action Reads a line in the file pointed by fp_raw and
# assigns values to longitude,
# latitude and depth.
#
# Return A non-zero integer if the sounding is valid.
# In this case, the arguments ’longitude’, ’latitude’
# and ’depth’ have well-defined values.
#
# 0 if the sounding is invalid.
# -1 if a reading error occurred.
# In this case, the arguments ’longitude’,
# ’latitude’ and ’depth’ have NULL values.
*/
{
/* Variable starting with underscore are used to scan the file */
int _day;
int _month;
int _year;
int _hour;
int _min;
double _sec;
double _depth;
int _quality;
double _tranducer_depth;
int _speed_sound;
double _lat_deg;
double _lat_min;
double _long_deg;
double _long_min;
char _lat;
char _long;
int _tmp;
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int n_read;

int valid;
/* Read the sounding (the nasty conversion string will convert rawl data ONLY !!) x/
n_read = fscanf ( fp_raw, \

"%2d%2d%4d,%2d%2d%61f ,HF ,%81f ,%d, %41f,%4d,%5d ,%21f %91f%1c,%31f %91f’lc\n",
&_day, & _month, &_year, & _hour, & _min, &_sec, &_depth, &_quality,
& _tranducer_depth, &_speed_sound, &_tmp,
&_lat_deg, &_lat_min, &_lat, &_long_deg, &_long_min, &_long )

if ( n_read != 17 )

printf ( "\nError while reading raw data file !\n" );
return -1;

¥
/*

* Check for validity of sounding : a quality of 1 indicates

* a valid sounding. Also, the latitude must be North and

* the longitude must be west.

*/

valid = ( _quality == 1 ) && ( _lat == LAT_C_1 ) && ( _long == LONG_C_1 );

/*
* If the degree part of the coordinate is 0, set it to
* the reference location.
*/
if ( _lat_deg == 0 )
_lat_deg = LATITUDE_1;

)

if ( _long_deg == 0
= LONGITUDE_1;

_long_deg

/* Set the values of the arguments */

*longitude = _long_deg + _long_min / 60.0;

*latitude = _lat_deg + _lat_min / 60.0;

*depth = _depth / CONV_FEET_M;

*timestamp = (double) (_hour*3600 + _min*60 + _sec);

/*
* Change longitude to its opposite if it is ’West’ longitude.
* Idem for latitude if it’s ’South’ latitude

*/

if ( _long == ’W’ )
*longitude *= -1;

if ( _lat == ’8’ )
*latitude *= -1;

/* If sounding is invalid, set NULL to arguments */
if ( 'valid )

{
longitude = NULL;
latitude = NULL;
depth = NULL;
}

return valid;

} /* read_single_sounding_rawl */

int read_single_sounding_raw2 ( FILE *fp_raw, double *longitude, \
double #*latitude, double *depth, double *timestamp )
/*
Arguments : fp_raw : pointer to a stream.
longitude, latitude, depth : data associated with current sounding.
The file MUST contain data using the format of SULPHUR RIVER SITE 2.

Action : Reads a line in the file pointed by fp_raw and assigns values to longitude,
latitude and depth.

In this case, the arguments ’longitude’,
’latitude’ and ’depth’ have well-defined values.

0 if the sounding is invalid.
-1 if a reading error occurred.
In this case, the arguments ’longitude’,

#

#

#

#

#

#

#

# Return : A non-zero integer if the sounding is valid.
#

#

#

#

#

#

# ’latitude’ and ’depth’ have NULL values.

*/

{
/* Variable starting with underscore are used to scan the file */
int _day;
int _month;
int _year;
int _hour;
int _min;
double _sec;
double _depth;
int _quality;
double _lat_deg;
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double _lat_min;

double _long_deg;

double _long_min;

char _lat;

char _long;

int _latency;

int n_read;

int valid;

/* Read the sounding (the nasty conversion string will convert raw2 data ONLY !!) */
n_read = fscanf ( fp_raw, \

"%2d%2d%4d,%2d%2d%61f ,%81f ,%d,%21f %91f%lc,%31f %91f%lc,%4d\n",
&_day, &_month, &_year, &_hour, &_min, &_sec, &_depth, &_quality,
&_lat_deg, &_lat_min, &_lat, &_long_deg, &_long_min, &_long,
&_latency );

if ( n_read != 15 )

printf ( "\nError while reading raw data file !\n" );
return -1;

/*
* Check for validity of sounding : a quality of 1 indicates
* a valid sounding. Also, the latitude must be North and
* the longitude must be west.
*/
valid = ( _quality == 1 ) && ( _lat == LAT_C_2 ) && ( _long == LONG_C_2 );

/*
* If the degree part of the coordinate is 0, set it to
* the reference location.

*/
if ( _lat_deg
_lat_deg =

== 0
LATITUDE_2;

if ( _long_deg == 0 )

_long_deg = LONGITUDE_2;
/* Set the values of the arguments */
*longitude = _long_deg + _long_min / 60.0

*latitude = _lat_deg + _lat_min / 60.

*depth = _depth;

*timestamp = (double) (_hour*3600 + _min*60 + _sec);
/*

* Change longitude to its opposite if it is ’West’ longitude.
* Idem for latitude if it’s ’South’ latitude

*/

if ( _long == ’W’ )
*longitude *= -1;

if ( _lat

/* If sounding is invalid, set NULL to arguments */
if ( !valid )

{
longitude = NULL;
latitude = NULL;
depth = NULL;
}

return valid;

} /x read_single_sounding_raw2 */

int read_single_sounding_raw3 ( FILE *fp_raw, double *longitude, \
double *latitude, double *depth, double *timestamp )
/*
Arguments : fp_raw : pointer to a stream.
longitude, latitude, depth : data associated with current sounding.
The file MUST contain data using the format of GUADALUPE RIVER.

Action : Reads a line in the file pointed by fp_raw and assigns values to longitude,
latitude and depth.

In this case, the arguments ’longitude’,
’latitude’ and ’depth’ have well-defined values.

0 if the sounding is invalid.
-1 if a reading error occurred.
In this case, the arguments ’longitude’,

#

#

#

#

#

#

#

# Return : A non-zero integer if the sounding is valid.
#

#

#

#

#

#

# ’latitude’ and ’depth’ have NULL values.

*/
/* Variable starting with underscore are used to scan the file */
int _day;
int _month;
int _year;
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int _hour;

int _min;

double _sec;

double _depth;

int _quality;

double _tranducer_depth;
double _lat_deg;

double _lat_min;

double _long_deg;

double _long_min;

char _lat;

char _long;

int _tmp;

int _latency;

int n_read;

int valid;

/* Read the sounding (the nasty conversion string will convert raw3 data ONLY !!) x*/
n_read = fscanf ( fp_raw, \

"%2d%2d%4d,%2d%2d%61f,%5d,%81f ,%d, %4L1f,%21f %91fY%ilc,%31f %91f%lc,%4d\n",
&_day, &_month, &_year, &_hour, &_min,

&_sec, &_tmp, &_depth, &_quality,
&_tranducer_depth,
&_lat_deg, &_lat_min, &_lat,

&_long_deg, &_long_min, &_long,

&_latency );

if ( n_read != 17 )

printf ( "\nError while reading raw data file !\n" );
return -1;

/*

* Check for validity of sounding : a quality of 1 indicates
* a valid sounding. Also, the latitude must be North and

* the longitude must be west.

*/

valid = ( _quality == 1 ) && ( _lat == LAT_C_3 ) && ( _long == LONG_C_3 );
/%

* If the degree part of the coordinate is 0, set it to

* the reference location.

*/
if ( _lat_deg == 0 )

_lat_deg = LATITUDE_3;

if ( _long_deg == 0 )
_long_deg = LONGITUDE_3;

/* Set the values of the arguments */

*longitude = _long_deg + _long_min / 60.0;
*latitude = _lat_deg + _lat_min / 60.0;
*depth = _depth;

*timestamp = (double) (_hour*3600 + _min*60 + _sec);

/*
* Change longitude to its opposite if it is ’West’ longitude.
* Idem for latitude if it’s ’South’ latitude

*/

if ( _long == ’W’ )
*longitude *= -1;

if ( _lat == ’8’ )

*latitude *= -1;

/* If sounding is invalid, set NULL to arguments */
if ( 'valid )

{
longitude = NULL;
latitude = NULL;
depth = NULL;
}

return valid;
} /* read_single_sounding_raw3 */

int compute_statistics ( gps_position *gps_positions, int n_gps_positions )

/*

#
#
# Return : 1 no error was encountered while calculating the statistics.
# if an error occurred.

int i;
double dist;
/* Compute mean depth and depth variance */

for (i = 0 ; i < n_gps_positions ; i++ )

{
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(void) compute_depth_mean ( gps_positions + i );
(void) compute_depth_variance ( gps_positions + i );

}
/* Compute mean slope and slope variance */
for (i = 0 ; i < (n_gps_positions - 1) ; i++ )
{
dist = compute_distance ( gps_positions + i, gps_positions + i + 1 );

if ( dist > 0.0 )

{
(void) compute_slope ( gps_positions + i, gps_positions + i + 1 );
(void) compute_slope_mean ( gps_positions + i, gps_positions + i + 1 );
(void) compute_slope_variance ( gps_positions + i, gps_positions + i + 1 );
}
else

fprintf ( stderr, \
" Distance (%f) between GPS%d and GPS%d is \
negative or equal to 0. GPS%d will be skiped.\n",\
dist, i, i+1, i );
}

return 1;

} /* compute_statistics */
double compute_depth_mean ( gps_position #*gps )
/*
# Arguments : gps is a pointer to (struct gps_position),
# representative of a valid GPS position.
#
# Action : Compute the mean of all depths at GPS position. Assign it to gps.
#
# Return : mean of all depths at GPS position.
int N; /* Number of soundings */
int i /* Counter */

double sum_depth; /* Running sum of all depths */

/* Retrieve the number of soundings for the GPS position */
N = (xgps).n_soundings;

/* Initialiazes the sum of depths */
sum_depth = 0.0;

for (i =0 ; i < N ; i++ )

sum_depth += (*gps).soundings[i];
/* Compute the mean depth, assign it to GPS position
* and set it as return value (vive le C !) */

return ( (*gps).depth_mean = (sum_depth / N) );

} /* compute_depth_mean */

double compute_depth_variance ( gps_position *gps )

/*
# Arguments : gps is a pointer to (struct gps_position),
# representative of a valid GPS position.
#

# Action : Compute the variance of all depths at GPS position and assign it to gps.
#

# Return : variance of all depths at GPS position.
*/
{
int N;
int 1i;
double depth_mean; /* Mean depth of GPS position */
double sum_squared_difference; /* Running sum of (h_i - h_avg)~2 */

/* Retrieve the number of soundings and the mean depth for the GPS position */
N = (xgps).n_soundings;
depth_mean = (*gps).depth_mean;

/* Initialiazes the running sum */
sum_squared_difference = 0.0;

for (i =0 ; i < N ; i++ )
sum_squared_difference += pow( (*gps).soundings[i] - depth_mean, 2 );

/* Compute the variance, assign it to GPS position
* and set it as return value (vive le C !) */
return ( (*gps).depth_var = (sum_squared_difference / N) );

} /* compute_depth_variance */
double compute_slope ( gps_position *gpsl, gps_position *gps2 )
/*

# Arguments : gpsl and gps2 are pointers to (struct gps_position),
# representative of valid GPS positions.
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#
# Action : Calculate the slope between GPS positions using the mean depths

# at each position in the calculation. Assign it to gpsi.

#

# Return : Slope between GPS positions using the mean depths in the calculation.
*/
{

double dist;
double mean_depthl;
double mean_depth2;

dist = (*gpsl).distance; /* Distance between GPS1 and GPS2 */
if (dist == 0.0)
{

fprintf ( stderr, \
"Error. Distance between GPS%d and GPS%d \
must be computed before computing the slope.\n",\
(xgps1).id, (xgps2).id );
return O;

}

mean_depthl = (*gpsl).depth_mean;
mean_depth2 = (*gps2).depth_mean;

return ( (*gpsl).slope = (mean_depth2 - mean_depthl) / dist );
} /* compute_slope */
double compute_slope_mean ( gps_position #*gpsl, gps_position #*gps2 )

/*
# Arguments : gpsl and gps2 are pointers to (struct gps_position),

# representative of valid GPS positions.

#

# Action : Calculate the mean of all possible slopes between both GPS positions
# and assign it to gpsi.

#

# Return : Mean of all possible slopes between both GPS positions.

int N1;

int N2;

double dist; /* Distance between GPS positions */

int 1i;

int j;

double sum_slope; /* Running sum of all possible slopes */

/* Distance between GPS positions */
dist = (*gpsl).distance;

if (dist == 0.0)
{
fprintf ( stderr, \
"Error. Distance between GPS%d and GPS%d \
must be computed before computing the slope.\n",
(xgps1).id, (xgps2).id );
return O;

/* Retrieve the number of soundings at each GPS position */
N1 = (xgpsl).n_soundings;
N2 = (xgps2).n_soundings;

/* Compute sum of all possible slopes */
sum_slope = 0.0;
for (i =0 ; i < N1 ; i++ )
for ( j =0 ; j < N2 ; j++ )
sum_slope += ( (*gps2).soundings[j] - (*gpsl).soundings[i] ) / dist;

return ( (*gpsl).slope_mean = sum_slope / (N1%N2) );
} /* compute_slope_mean */
double compute_slope_variance ( gps_position *gpsl, gps_position *gps2 )

/*
# Arguments : gpsl and gps2 are pointers to (struct gps_position),

# representative of valid GPS positions.

#

# Action : Calculate the variance of all possible slopes between both GPS positions

# and assign it to gpsi.

#

# Return : Variance of all possible slopes between both GPS positions.
*/
{

int N1;

int N2;

double dist; /* Distance between GPS positions */

int 1i;

int j;

double slope_ij; /* Slope between sounding i

of GPS1 and sounding j of GPS2 */
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double slope_mean; /* Mean of all slopes between GPS1 and GPS2 */
double sum_squared_difference; /* Running sum of all possible slopes */

/* Distance between GPS positions */
dist = (xgpsl).distance;

if (dist == 0.0)
{
fprintf ( stderr, \
"Error. Distance between GPS’%d and GPS%d \
must be computed before computing the slope.\n",
(*gps1).id, (xgps2).id );
return O;

/* Mean of all slopes between GPS positions */
slope_mean = (*gpsl).slope_mean;

/* Retrieve the number of soundings at each GPS position */
N1 = (*gpsl).n_soundings;
N2 = (*gps2).n_soundings;

/* Compute sum of all possible slopes */
sum_squared_difference = 0.0;
for (i =0 ; i < N1 ; i++ )

for ( j =0 ; j < N2 ; j++ )

{
slope_ij = ( (*gps2).soundings[j] - (*gpsl).soundings[i] ) / dist;
sum_squared_difference += pow ( slope_ij - slope_mean, 2 )
¥
return ( (*gpsl).slope_var = sum_squared_difference / (N1*N2) );

} /* compute_slope_variance */

double compute_distance ( gps_position *gpsl, gps_position *gps2 )
/*

# Arguments : gpsl and gps2 are pointers to (struct gps_position),
# representative of valid GPS positions between which
# the distance is to be calculated.
#
# Action : Calculate the distance between both GPS positions and assign
# to gpsi.
#
# Return : Distance between GPS positions.
*/
{
double lambdail; /* GPS1 - longitude (rad.) */
double phil; /* GPS1 - latitude (rad.) */
double lambda2; /* GPS2 - longitude (rad.) */
double phi2; /* GPS2 - latitude (rad.) */

double x1,yl,z1; /* GPS1 - Cartesian coordinates */
double x2,y2,z2; /* GPS2 - Cartesian coordinates */

double L_sq; /* Distance of straight line
between (x1,y1,z1) and (x2,y2,2z2) */
double alphaj; /* Angle between radii defined by GPS1 and GPS2 */

/* Retrieve spherical coordinates (M_PI is defined in math.h) */
lambdal = (*gpsl).longitude * M_PI / 180.0;

phil = (*gpsl).latitude * M_PI / 180.0;
lambda2 = (*gps2).longitude * M_PI / 180.0;
phi2 = (*gps2).latitude * M_PI / 180.0;
/* Conversion to Cartesian coordinates (RE = Earth radius) */

x1 = RE * cos ( phil ) * cos ( lambdal );
y1 = RE * cos ( phil ) * sin ( lambdal );
z1 = RE * sin ( phil );

x2 = RE * cos ( phi2 ) * cos ( lambda2 );
y2 = RE * cos ( phi2 ) * sin ( lambda2 );
z2 = RE * sin ( phi2 );

/* Distance (squared) between positions */
L_sq = pow ( x1-x2, 2 ) + pow ( yl-y2, 2 ) + pow ( z1-2z2, 2 );

/* Compute the angle between both positions (Generalized Pythagoras) */
alpha = acos( 1.0 - L_sq / (2.0%pow(RE,2)) );
return ( (*gpsl).distance = alpha*RE );

} /* compute_distance */
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*
* postprocess.h

*

* Laurent White

*

* Date of creation : 2002-12-19

*

I e et e */

# ifndef POSTPROCESS_H
# define POSTPROCESS_H

# include "defs.h"
int export_to_dx ( char *basename, int items );

int export_to_matlab ( char *prefix, gps_position *gps_positions, \
int n_gps_positions );

int export_to_sms ( char *prefix, gps_position *gps_positions, \
int n_gps_positions );

# endif /% POSTPROCESS_H */
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* K K K X KK

#

postp
Laure

Date

<st
<st
<st

include
include
include

include "po

rocess.c
nt White

of creation

dio.h>
dlib.h>
ring.h>

stprocess.h"

int export_to_dx ( char #*basename,

/*

*/
{

# input_file : file basename containing the data to be exported into a DX
# items number of items in the file (number of positions)
FILE *fp_in;
FILE *fp_pos;
FILE *fp_dat;
FILE xfp_dx;
char fname_in[100]; /* File with processed data */
char fname_pos [100]; /* DX file positions */
char fname_dat [100]; /* DX file data */
char fname_dx [100]; /* DX file field structure */
int _day;
int _month;
int _year;
double _time;
double _latitude;
double _longitude;
double _depth;
double _var;
int _tmp;
e
* --- QOpens the files ---
K mmmmm e e — */
strcpy ( fname_in, basename );
strcat ( fname_in, ".pro" );
fp_in = fopen ( fname_in, "r" );
if (fp_in == NULL)
{
printf ( "Opening file ‘%s’ failed.\n", fname_in );
return O0;
}
strcpy ( fname_pos, basename );
strcat ( fname_pos, ".pos" );
fp_pos = fopen ( fname_pos, "w" );
if (fp_pos == NULL)
{
printf ( "Opening file ‘%s’ failed.\n", fname_pos );
return 0O;
¥
strcpy ( fname_dat, basename );
strcat ( fname_dat, ".dat" );
fp_dat = fopen ( fname_dat, "w" );
if (fp_dat == NULL)
{
printf ( "Opening file ‘%s’ failed.\n", fname_dat );
return O;
}
strcpy ( fname_dx, basename );
strcat ( fname_dx, ".dx" );
fp_dx = fopen ( fname_dx, "w" );
if (fp_dx == NULL)
{
printf ( "Opening file ‘s’ failed.\n", fname_dx );
return O0;
¥
[* mmmmmmm e e e
* --- Writes to the dx files ---
K mm e mm e */
while ( !feof (fp_in) )
fscanf ( fp_in, "%2d-%2d-%4d %1f %1f %1f %1f %1f %d\n",
&_day, &_month, &_year, &_time,
&_latitude, &_longitude, &_depth, &_var, &_tmp );
fprintf ( fp_pos, "%.10f 7%.10f\n", _longitude,
fprintf ( fp_dat, "%1f\n", _depth );

2002-12-20

int items )

75

_latitude );

format



}

fprintf ( fp_dx, "# POSITIONS\n" );

fprintf ( fp_dx, "object 1 class array type float rank 1 shape 2 items %d\n",
items );

fprintf ( fp_dx, "data file %s,0\n\n", fname_pos );

fprintf ( fp_dx, "# DATA\n" );

fprintf ( fp_dx, "object 2 class array type float rank O items %d\n", items );
fprintf ( fp_dx, "data file %s,0\n", fname_dat );

fprintf ( fp_dx, "attribute \"dep\" string \"positions\"\n\n" );

fprintf fp_dx, "# FIELD\n" );

(
fprintf ( fp_dx, "object \"irregular positions\" class field\n" );
fprintf ( fp_dx, "component \"positions\" value 1\n" );

fprintf ( fp_dx, "component \"data\" value 2\n" );

/* Closes files */
fclose ( fp_in );
fclose ( fp_pos );
fclose ( fp_dat );
fclose ( fp_dx );
return -1;

} /* export_to_dx */

int export_to_matlab ( char *prefix, gps_position *gps_positions, int n_gps_positions )

/*

# prefix : prefix of filenames used to export data to use under Matlab.

# gps_positions : array of GPS positions (struct gps_position), each one containing
all data associated with it
(mean depth, distance to next position, ...)

n_gps_positions : number of distinct GPS positions (number of elements in the array)

ACTION : Export the data into three files
’prefix.sum’, ’prefix.lum’ and ’prefix.fin’
’prefix.sum’ contains summarized data for each GPS position.
prefix.lum’ is made up of a series of arrays numbered GPS1 to GPSN (where
N = n_gps_positions). Each array contains all depth measurements associated
with the GPS position.
’prefix.fin’ is a fine version of the bathymetry obtained by using ALL
depth measurements (spread equidistantly between adjacent GPS positions).

EE I I

/* Variables x*/
FILE *fp_lum;
FILE *fp_sum;
FILE *fp_ori;
FILE *fp_fin;

char fname_lum[128]; /* Filename of file containing lumped data */

char fname_sum[128]; /* Filename of file containing summarized data */

char fname_ori[128]; /x Filename of file containing fine bathymetry -- not for MATLAB */
char fname_fin[128]; /% Filename of file containing fine bathymetry */

int i;
int j;
int n_skipped = 0;

double ksij /* Curvilinear coordinate */

int n_local; /* Number of soundings at current GPS position */
double delta_ksi; /* Local increment in curvilinear coordinate */
double delta_x; /* Local increment in longitude */

double delta_y; /* Local increment in latitude */

double x;

double y;

if ( n_gps_positions <= 0 )

printf ( "\nNo data to export...\n" );
printf ( "Either an error occurred while processing the raw data\n" );
printf ( "or no data have been found. Make sure to process the data first !\n" );
printf ( "Aborting ...\n" );
return O;
s
A e T */
/* I/0 management */
e ettt */
strcpy ( fname_lum, prefix );
strcat ( fname_lum, "_lum.m" );
fp_lum = fopen ( fname_lum, "w" );
if (fp_lum NULL)
{
printf ( "Opening file ’%s’ failed in ’export_to_matlab’.\n", fname_lum );

return O;

}

strcpy ( fname_sum, prefix );
strcat ( fname_sum, "_sum.m" );
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fp_sum = fopen ( fname_sum, "w" );
if (fp_sum == NULL)
{
printf ( "Opening file ’%s’ failed in ’export_to_matlab’.\n", fname_sum );
return O;
}
strcpy ( fname_ori, prefix );
strcat ( fname_ori, ".ori" );
fp_ori = fopen ( fname_ori, "w" );
if (fp_ori == NULL)
{
printf ( "Opening file ’%hs?’ failed in ’export_to_matlab’.\n", fname_ori );
return O;
}
strcpy ( fname_fin, prefix );
strcat ( fname_fin, "_fin.m" );
fp_fin = fopen ( fname_fin, "w" );
if (fp_fin == NULL)
{
printf ( "Opening file ’%s’ failed in ’export_to_matlab’.\n", fname_fin );
return O;
¥
printf ( "\nExporting processed data for use under Matlab...\n" );
et e i */
/* Exportation of summarized data (prefix.sum) */
e */
printf ( " Exporting summarized data to ’%s’\n", fname_sum );
fprintf ( fp_sum, "%% X,Y : Cartesian coordinates.\n" );
fprintf ( fp_sum, "%% HM,HV : Mean depth and variance of depth.\n" );
fprintf ( fp_sum, "%% S,SM,SV : Slope, mean slope (same as previous), \
variance of slope.\n" );
fprintf ( fp_sum, "%% T : Time stamps.\n" );
fprintf ( fp_sum, "%% N : Number of soundings at each position.\n" );
fprintf ( fp_sum, "DATA = [\n" );
for (i = 0 ; i < n_gps_positions ; i++ )
{
if ( (gps_positions[i].distance > 0) || (i == (n_gps_positions-1)) )
fprintf ( fp_sum, "%.10f %.10f %f %f %f %f %f %f %d\n",

gps_positions[i].longitude,
s[i].depth_mean,

gps_position
gps_position
gps_position
gps_position
gps_position
else
n_skipped++;

¥

fprintf ( fp_sum, "]

s[i].slope,

s[i].slope_mean,
s[i].slope_var,

s[i].timestamps [0],

;\n\n" );

gps_positions[i].latitude,
gps_positions[i].depth_var,

gps_positions[il.n_soundings );

fprintf ( fp_sum, "X = DATA(:,1);\n" );

fprintf ( fp_sum, "Y = DATA(:,2);\n" );

fprintf ( fp_sum, "HM = DATA(:,3);\n" );

fprintf ( fp_sum, "HV = DATA(:,4);\n" );

fprintf ( fp_sum, "S = DATA(1:%d,5);\n", n_gps_positions - 1 - n_skipped );
fprintf ( fp_sum, "SM = DATA(1:%d,6);\n", n_gps_positions - 1 - n_skipped );
fprintf ( fp_sum, "SV = DATA(1:%d,7);\n", n_gps_positions - 1 - n_skipped );
fprintf ( fp_sum, "T = DATA(:,8);\n" );

fprintf ( fp_sum, "N DATA(:,9);\n" );

fprintf ( fp_sum, "clear DATA;\n" );

printf ( " %d GPS position(s) has(have) been skipped.\n", n_skipped );
Ve e e et e L L */

/* Exportation of lumped data (prefix.lum) */

I e e e e */
printf ( " Exporting lumped data to ’%s’\n\n", fname_lum );

for (i = 0 ; i < n_gps_positions ; i++ )

{

fprintf ( fp_lum,

gps_positions[i].longitude,

fprintf ( fp_lum,
fprintf ( fp_1

fprintf ( fp_lum,

"%% (%.10f,%.10£)\n",

"GPS%d = [\n", gps_positions[il.id )
for ( j = 0 ; j < gps_positions[il.n_soundings ; j++ )
gps_positions[i].soundings[j] );

um, "%.8f \n",

"15;\n\n");

7

gps_positions[i].latitude );



J K e e */
/* Exportation of fine bathymetry (prefix.fin) */

Y e ittt e */
printf ( " Exporting fine bathymetry to ’%s’\n\n", fname_fin );
fprintf ( fp_fin, "%% X : Longitude [deg.]l.\n" );

fprintf ( fp_fin, "%% Y : Latitude [deg.]l.\n" );

fprintf ( fp_fin, " KSI : Curvilinear coordinates.\n" );

fprintf ( fp_fin, " H : Local depth measurement.\n" );

fprintf ( fp_fin, HM : Mean depth measurement.\n" );

fprintf ( fp_fin, "% T : Timestamps.\n" );

fprintf ( fp_fin, "DATA = [\n" );

ksi = 0.0;
for (i = 0 ; i < (n_gps_positions - 1) ; i++ )
{

/* Current GPS position */
x = gps_positions[i].longitude;
y = gps_positions[i].latitude;

/* Retrieve the number of soudings for the current GPS position */
n_local = gps_positions[i]l.n_soundings;

/* Compute the increment in ksi. Note : we divide by n_local and not
(n_local-1) because the last sounding associated with the current GPS
position must not lie on the next one */

delta_ksi = gps_positions[i].distance / n_local;
delta_x = (gps_positions[i+1].longitude - x) / n_local;
delta_y = (gps_positions[i+1].latitude - y) / n_local;

for ( j =0 ; j < n_local ; j++ )

{
fprintf ( fp_fin, "%.10f %.10f 7%.8f %.8f %.8f %.3f\n",
x, y, ksi,
gps_positions[i].soundings[j],
gps_positions[i].depth_mean,
gps_positions[i]l.timestamps[j] );
fprintf ( fp_ori, "%.10f, %.10f, %.10f\n",
X, ¥y, gps_positions[i].soundings[j] );
ksi += delta_ksi;
X += delta_x;
y += delta_y;
}
¥
fprintf ( fp_fin, "Jl;\n\n" );
fprintf ( fp_fin, "X = DATA(:,1);\n" );
fprintf ( fp_fin, "Y = DATA(:,2);\n" );
fprintf ( fp_fin, "KSI = DATA(:,3);\n" );
fprintf ( fp_fin, "H = DATA(:,4);\n" );
fprintf ( fp_fin, "HM = DATA(:,5);\n" );
fprintf ( fp_fin, "T = DATA(:,6);\n" );

fprintf ( fp_fin, "clear DATA;\n" );

I e ettt */
/* Close streams */
e i ettt e e */
fclose ( fp_lum );

fclose ( fp_sum );

fclose ( fp_ori );

fclose ( fp_fin );

return -1;

} /* export_to_matlab */

int export_to_sms ( char *prefix, gps_position *gps_positions, int n_gps_positions )

/*

# prefix : prefix of filenames used to export data to use under Matlab.
# gps_positions : array of GPS positions (struct gps_position), each one containing
# all data associated with it
# (mean depth, distance to next position, ...)
# n_gps_positions : number of distinct GPS positions (number of elements in the array)
*/
{

/* Variables */
FILE *fp_sms;

char fname_sms[128]; /* Filename of file containing lumped data */

int 1i;
int n_skipped = 0;

[¥ ——mmm e e e */
/* I/0 management */
e e e T e e el */



strcpy ( fname_sms, prefix );

strcat ( fname_sms, "_sms.m" );
fp_sms = fopen ( fname_sms, "w" );
if (fp_sms == NULL)
{

printf ( "Opening file ’Y%s’ failed in ’export_to_SMS’.\n", fname_sms );
return O;

}

printf ( "\nExporting processed data for use under SMS...\n" );

[k m e e */
/* Exportation of summarized data (prefix.sum) */
e */
printf ( " Exporting summarized data to ’%s’\n", fname_sms );
fprintf ( fp_sms, "%% X,Y : Cartesian coordinates.\n" );
fprintf ( fp_sms, "%% HM : Mean depth.\n" );
for (i = 0 ; i < n_gps_positions ; i++ )
{
if ( (gps_positions[i].distance > 0) || (i == (n_gps_positions-1)) )

fprintf ( fp_sms, "%.10f , %.10f , %f\n",
gps_positions[i].longitude, gps_positions[i].latitude,
gps_positions[i].depth_mean );
else

n_skipped++;
¥
printf ( " %d GPS position(s) has(have) been skipped.\n", n_skipped );
fclose ( fp_sms );

return -1;

} /* export_to_sms */
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*
* medianfilter.h

*

* Laurent White

*

* Date of creation : 2003-06-16

* Last update ¢ 2003-06-17

*

I ettt ] */

# ifndef MEDIANFILTER_H
# define MEDIANFILTER_H

int median_filter ( double *H_ori, double *H_flt, int length, int N );
double median ( double *H, int length );
void bubble_sort ( double *H, int length );

# endif /x MEDIANFILTER_H */
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*

* medianfilter.c

*

* Laurent White

*

* Date of creation : 2003-06-16

* Last update ¢ 2003-06-17

*

* NOTE : in the arguments, ’length’ ALWAYS refers to

* the number of elements in the array that

* is passed as argument. And N ALWAYS refers

* to half the length of the median filter ;

* the length being (2%N + 1).

B i */
# include <stdlib.h>

# include <stdio.h>
# include <math.h>

*

include "defs.h"
# include "medianfilter.h"

int median_filter ( double *H_ori, double *H_flt, int length, int N )
/*

# Arguments : H_ori is the original signal.
# H_flt is the filtered signal (returned by the function).
# length is the number of elemnts in H_ori and H_flt.
# N is half the length of the filter.
#
# Action : Filter the original signal H_ori. The filtered signal is
# H_flt.
#
# Return : O if an error occurred. 1 otherwise.
*/
{
int i;

double *H_temp;

/* Create appended array */
H_temp = (double *) malloc ( (length + 2xN) * sizeof ( double ) );
if ( H_temp == NULL )
{
printf ( "Memory allocation failure in ’median_filter’.\n" );
return O;

}

/*

* Append H_temp with N * H_ori[0] and NxH_oril[lengthl], i.e.
* the first N values of H_temp are filled with H_ori[0] and
* the N last values of H_temp are filled with H_ori[length].
*/

for (i =0 ; i < N ; i++ )

{

H_temp[il] H_ori [0];
H_temp[length + 2N - 1 - i] = H_oril[length-11;
}

/* Copy H_ori to the central part of H_temp */
for (i = N ; i < (length + N) ; i++ )
H_temp[i]l = H_oril[i-N];

/* Median filtering */
for (i = 0 ; i < length ; i++ )
{
H_f1t[i] = median ( H_temp + i , 2*N+1 );
}

return 1;

} /* median_filter x*/

double median ( double *H, int length )

/*
# Arguments : ’H’ is an array of ’length’ elements.
#
# Action : Compute the median of the array.
#
# Return : The median of the array.
*/
{

int ij
double *H_sort;
/* Create a copy of the array whose median is to be calculated. */
/* Necessary because the sorting function alters the array. */
H_sort = ( double * ) malloc ( length * sizeof ( double ) );
for (i = 0 ; i < length ; i ++ )

H_sort[i] = H[il;

/* Sort the array */
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}

vo

/*

}

(void) bubble_sort ( H_sort, length );

/* Return the median */
if ( fmod ( (double) length, 2.0 ) != 0.0 )
/* length is odd */
return H_sort[(length-1)/2];
else
/* length is even x/
return (H_sort[length/2 - 1] + H_sort[length/2]) / 2.0;

/* Free memory */
free ( H_sort );

/* median */

id bubble_sort ( double *H, int length )

# Arguments : ’*H’ is the array to be sorted. It contains
# ’length’ elements.

#

# Action : Sorts the array.

#

# Return : /

int i;

int j;

double temp;

for (i = length - 1 ; i >0 ; i--)

for (j =0 ; j < i ; j++)
if ( H[j1 > H[j+11 ) /* compare neighboring elements */
{
temp = H[jl; /* swap H[j] and H[j+1] =/
H[j] = H[j+1];
H[j+1] = temp;
}

/* bubble_sort */
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*
* identifylwd.h

*

* Laurent White

*

* Date of creation : 2003-06-17

*

I et e ettt ] */

# ifndef IDENTTIFYLWD_H
# define IDENTTIFYLWD_H

# include "defs.h"
int identify_LWD ( char *fname_out, gps_position *gps_positions, int n_gps_positions );
void create_fine_bathymetry ( gps_position *gps_positions, \
int n_gps_positions, \
double *X, double *Y, double *KSI, double *H );
int median_filter_single_file ( char x*prefix, \
double #*X, double *Y, \
double *KSI, double *H_ori, int length )

int median_filter_separate_files ( char *prefix, double *X, \
double *Y, double *KSI, double *H_ori, int length )

int spot_LWD ( char *prefix, double *X, \
double *Y, double *H_ori, \

double *H_flt, int length, \
int N, int flag, double height );

# endif /x IDENTIFYLWD_Hx*/
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identifylwd.c
Laurent White

Date of creation : 2003-06-17

* K K K X KK

include <stdio.h>
include <stdlib.h>
include <string.h>
include <math.h>

#* # H H

include "identifylwd.h"
include "medianfilter.h"
include "stdev.h"
include "defs.h"

H H HH

int identify_LWD ( char *prefix, gps_position *gps_positions, int n_gps_positions )

/*

# Arguments : prefix : prefix used to create output files.
# gps_positions : array of ’n_gps_positions’
# struct gps_position (cfr. defs.h)
#
# Action : Identification of LWD
# 1. Creation of fine bathymetry (to be filtered subsequently)
# 2. Specification of filter length (user enters it)
# 3. Filtering of signal.
# 4. Comparison of original and filtered signals to spot LWD.
# Output results.
#
# Return : 0 if an error occurred, 1 otherwise.
# -1 if the user wants to return to the main menu.
*/
{
/x - -
* Variable
* - */

double *X; /x Array of longitudes */

double *Y; /* Array of latitudes */

double *KSI; /* Array of curvilinear coordinates */
double *H_ori; /* Array of depth soundings */

int i;
int length;
int choice;

if ( n_gps_positions <= 0 )

printf ( "\nNo data to examine... \n" );
printf ( "Either an error occurred while processing the raw data\n" );
printf ( "or no data have been found. \
Make sure to process the data first !\n" );
printf ( "Aborting ...\n" );
return -1;

/* Display menu */
printf ( "\nLWD IDENTIFICATION MENU\n" );

printf ( "--------------mmm— - \n\n" );

printf ( M-----mmmmmm e \n" )
printf ( "| Median filter (common file) .............vuunun. 1 I\n" )
printf ( "| Median filter (seperate files) ................. 2 I\n" );
printf ( "| Standard deviation .. .......eiiertiereree 3 I\n" );
printf ( "| I\n" );
printf ( "| Return to Main MenuU .. ..o ivivienenennennnennn 9 I\n" );
printf ( M--------—mm e \n" )
printf ( "\n" );

printf ( " Selection : " );

scanf ( "%d", &choice );

if ( choice == 9 ) /* Return to main menu */
return -1;

[k —mmmmmmm e — o

* Allocate memory

K mmmmmmmmmm— */
length = 0;
for (i = 0 ; i < (n_gps_positions - 1) ; i++ )

length += gps_positions[i].n_soundings;

X = (double *) malloc ( length * sizeof ( double ) );
Y = (double *) malloc ( length * sizeof ( double ) );
H_ori = (double *) malloc ( length * sizeof ( double ) );
KSI = (double *) malloc ( length * sizeof ( double ) );
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(void) create_fine_bathymetry ( gps_positions, n_gps_positions, X, Y, KSI,
H_ori );

switch ( choice )

{
case 1:
(void) median_filter_single_file ( prefix, X, Y, KSI,
H_ori, length );
break;
case 2:
(void) median_filter_separate_files ( prefix, X, Y, KSI,
H_ori, length );
break;
case 3:
(void) stdev_identification ( prefix, gps_positions,
n_gps_positions );
break;
s
free ( X );
free (Y );
free ( H_ori );
free ( KSI );

return 1;
} /* identify_LWD */
void create_fine_bathymetry ( gps_position *gps_positions,

int n_gps_positions, double *X,
double *Y, double *KSI, double *H )

/*
# Arguments : ’gps_positions’ is an array of ’n_gps_positions’ struct gps_position
# (cfr defs.h).
# X, Y : empty arrays to be filled with
# H : empty array to be filled with detailed bathymetry.
#
# Action : Browse the array of GPS positions and fill the other arrays. In particular,
# all soundings between two distinct GPS positions are given an interpolated
# GPS position determined by calculating the distance between the
# GPS position and dividing by the number of soundings.
#
# Return : /
*/
{
int i;
int s
int index;
double x;
double y;

double delta_x;
double delta_y;
double ksij;
double delta_ksi;

int n_local;

index = 0;

ksi = 0.0;

for (i = 0 ; i < (n_gps_positions - 1) ; i++ )
{

/* Current GPS position */
x = gps_positions[i].longitude;
y = gps_positions[i].latitude;

/* Retrieve the number of soudings for the current GPS position */
n_local = gps_positions[i].n_soundings;

/* Compute the increment in ksi. Note : we divide by n_local and not
(n_local-1) because the last sounding associated with the current GPS
position must not lie on the next one */

delta_x = (gps_positions[i+1].longitude - x) / n_local;
delta_y = (gps_positions[i+1].latitude - y) / n_local;
delta_ksi = gps_positions[i].distance / n_local;

for ( j = 0 ; j < n_local ; j++ )

X[index] = x;
Y[index] =75
H[index] = gps_positions[i].soundings([j];

KSI[index] = ksij;
X += delta_x;

y += delta_y;
ksi += delta_ksi;
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index++;

} /* create_fine_bathymetry */

int median_filter_single_file ( char *prefix, double *X,
double *Y, double *KSI, double *H_ori, int length )

/*
# Arguments : prefix : prefix of output file name.
# X, Y : arrays of longitudes, latitudes associated with the bathymetry
# (this is used to export the locations of spotted LWD)
# H_ori : Original bathymetry.
# H_flt : Filtered bathymetry.
# length : number of elements contained in all arrays
#
# Action
#
# Return : 0 if an error occurred. 1 otherwise.
*/
{
/¥ mmmmmmmo-
* Variables
* —m——————— */

char fname_f1lt [MAX_FNAME_SIZE];
char fname_gnuplot[MAX_FNAME_SIZE];
FILE *fp_flt;

FILE *fp_gnuplot;

double *H_flt;

int N;

int i;

double height;

int n_locations;

H_flt = (double *) malloc ( length * sizeof ( double ) );

[k e

* Filter & identification parameters
e et e T */

printf ( "\nEnter half-length of median filter : " );

scanf ( "%d4d", &N );

printf ( "\nFiltering signal with median filter of length %d... ", 2*N+1 );
fflush ( stdout );

if ( median_filter ( H_ori, H_flt, length, N ) 0)
{
printf ( "An error occurred while filtering !\n" );
return O;

}
printf ( "Done\n" );

/* Open output file */
strcpy ( fname_flt, prefix );

strcat ( fname_flt, ".flt");
fp_flt = fopen ( fname_flt, "w" );
if ( fp_flt == NULL )
{

printf ( "Opening file ’%s’ failed in ’identify_LWD’.\n", fname_flt );
return O;

}

/* Open gnuplot data source file */

strcpy ( fname_gnuplot, "gnuplotdata/medflt.dat" );
fp_gnuplot = fopen ( fname_gnuplot, "w" );

if ( fp_gnuplot NULL )

{

printf ( "Opening file ’%s’ failed in ’identify_LWD’.\n", fname_gnuplot
return O;
}
fprintf ( fp_gnuplot, "# %d (length of median filter)\n", 2xN+1 )

printf ( "Exporting filtered data into ’%s’... ", fname_flt );
fflush ( stdout );
for (i = 0 ; i < length ; i++ )
{
/* Export for use under Matlab */
fprintf ( fp_flt, "%.10f, %.10f, %.8f\n", X[il, Y[i]l, H_f1lt[i] );

/* Export for use with Gnuplot */
fprintf ( fp_gnuplot, "%.8f %.8f %.8f %.8f\n",
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KSI[il, H_oril[il, H_f1t[il, fabs(H_oril[il - H_flt[i]) );
}

printf ( "Done \n\n" );

/¥ —mmmmm--
* Spot LWD
* ———————— */
printf ( "Enter discriminative height [m] : " );

scanf ( "%1f", &height );
n_locations = spot_LWD ( prefix, X, Y, H_ori, H_flt, length, N, 1, height );

fclose ( fp_flt );
fclose ( fp_gnuplot );
free ( H_flt );

return 1;

} /* median_filter_single_file %/

int median_filter_separate_files ( char *prefix,

/*

double *X, double *Y, double *KSI, double *H_ori, int length )

# Arguments : prefix : prefix of output file name.

# X, Y : arrays of longitudes, latitudes associated with the bathymetry
# (this is used to export the locations of spotted LWD)

# H_ori : Original bathymetry.

# length : number of elements contained in all arrays

#

# Action

#

# Return : O if an error occurred. 1 otherwise.

* -

char fname_f1tN[MAX_FNAME_SIZE];
char prefixN[MAX_FNAME_SIZE];
FILE *fp_f1tN;

double *H_flt;

int N;

int i;

int s

double height;

int common_height;

int n_locations; /* Number of locations for one filtering level */

int n_total_locations; /* Total number of locations for all filtering levels

H_flt = (double *) malloc ( length * sizeof ( double ) );

/* -
* Filter & identification parameters
L e L L L Lt e e L T */
printf ( "\nEnter half-length of median filter : " );

scanf ( "%d4", &N );

printf ( "\nUse same height for identification of all spikes [1]0] 7 " );

scanf ( " ", &common_height);
if ( common_height != 0 )
{
printf ( "Enter discriminative height [m] : " );

scanf ( "%1f", &height );

/* Filtering with filters of half-lengths 1 to N */

n_total_locations = 0;
for ( j =1 ; j < N+1 ; j++ )
{

/* Filtering with median filter of half-length j */
printf ( "\nFiltering signal with median filter of length %d... ", 2%j+1
fflush ( stdout );

-

if ( median_filter ( H_ori, H_flt, length, j ) == 0 )
{
printf ( "An error occurred while filtering !\n" );
return O;
}
printf ( "Done\n" );

/v --
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/* Open output file */

sprintf ( fname f1tN, "%s_%02d.flt", prefix, j );
fp_f1tN = fopen ( fname_f1ltN, "w" );

if ( fp_fltN == NULL )

{

printf ( "Opening file ’%s’ failed in ’identify_LWD’.\n", fname_fI1tN );
return O;

}

printf ( "Exporting filtered data into ’%s’... ", fname_f1tN );
fflush ( stdout );
for (i =0 ; i < length ; i++ )
fprintf ( fp_fltN, "%.10f %.10f %.8f\n", X[il, Y[i]l, H_f1t[i] );

printf ( "Done \n" );
fclose ( fp_fltN );

/% —=------
* Spot LWD
* ——————— */
if ( common_height == 0 )
{
printf ( "Enter discriminative height [m] : " );

scanf ( "%1f", &height );
}

sprintf ( prefixN, "%s_%02d", prefix, j );
n_locations = spot_LWD ( prefixN, X, Y, H_ori, H_flt, length, j, 2, height );
n_total_locations += n_locations;

} /* End filtering */

printf ( "\nTotal number of suspected locations containing LWD : %d\n\n",
n_total_locations );

free ( H_flt );
return 1;

} /* median_filter_separate_files */

int spot_LWD ( char *prefix, double *X,

/*

double *Y, double *H_ori,
double *H_flt, int length, int N, int flag, double height )

# Arguments : fname_lwd : name of output file.
# X, Y : arrays of longitudes, latitudes associated with the bathymetry
# (this is used to export the locations of spotted LWD)
# H_ori : Original bathymetry.
# H_flt : Filtered bathymetry.
# length : number of elements contained in all arrays
# N : median filter half length
# flag : 1 to identify spikes made of 1 to N soundings
# 2 to identify spikes made of N soundings only
#
# Action : Compare original and filtered bathymetries to identify spikes that are
# higher (relatively to the bottom) than a height specified by the user.
# Locations where such spikes exist will be considered LWD-locations.
#
# Return : O if an error occurred. 1 otherwise.
[ mmmmmmmee
* Variables
k ———mm———— */

FILE *fp_lwd;
char fname_lwd [MAX_FNAME_SIZE];

int i;

int s

double diff;

int n_spotted_lwd; /* Total number of spotted LWD */

int n_detected_soundings; /* Local number of soundings shaping spike */
/% mmmmmmmmme

* Output file

* ——mmmmmm—— - */

sprintf ( fname_lwd, "%s.lwd", prefix );
fp_lwd = fopen ( fname_lwd, "w" );
if ( fp_lwd == NULL )
{
printf ( "Opening file ’%s’ failed in ’spot_LWD’.\n", fname_lwd );
return O;

}
J K e e
* Examine difference between original and filtered signals
¥ m e e e e */
if ( flag == 1) /* Detection of spikes shaped by up to N soundings */
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n_spotted_lwd = 0;
for (i =0 ; i < length ; i++ )

{
diff = H_orilil - H_flt[il;
n_detected_soundings = 0;
if ( -diff >= height )
{
n_spotted_lwd++;
n_detected_soundings++;
/* Modified on 2003.08.18 for use under fucking Windoze (for Vanketesh) */
if ( n_detected_soundings < N+1 )
fprintf ( fp_lwd, "%.10f, %.10f, %.8f\n", X[il, Y[i], -diff );
}
}

printf ( "\n" );
printf ( "Number of suspected locations containing LWD : %d\n\n", n_spotted_lwd );

}
else /x Detection of spikes shaped by EXACTLY N soundings */
{
n_spotted_lwd = 0;
n_detected_soundings = 0;
for (i =0 ; i < length ; i++ )
{
diff = H_orili] - H_flt[il;
if ( -diff >= height )
n_detected_soundings++;
else
{
if ( n_detected_soundings == N )
{
for ( j = i-N ; j < i ; j++ )
fprintf ( fp_lwd, i+l )
n_spotted_lwd += n_detected_soundings;
}
n_detected_soundings = 0;
¥
¥
printf ( "Number of suspected locations containing LWD : %d\n", n_spotted_lwd );
s

fclose ( fp_lwd );
return n_spotted_1lwd;

} /* spot_LWD x/
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*
* graphs.h

*

* Laurent White

*

* Date of creation : 2003-07-23

*

I e et e */

# ifndef GRAPHS_H
# define GRAPHS_H

# include "gnuplot_i.h"

int scatter_plot ( gps_position *gps_positions,
int n_gps_positions, gnuplot_ctrl *h );

int scatter_plot_fin ( gps_position *gps_positions,
int n_gps_positions, gnuplot_ctrl *h );

int filteredbath_plot ( gps_position *gps_positions,
int n_gps_positions, gnuplot_ctrl *h );

int plotting_menu ( gps_position *gps_positions,
int n_gps_positions, gnuplot_ctrl *h )

void display_plotting_menu ( );

# endif /x GRAPHS_H */
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*

* graphs.c

*

* Laurent White

*

* Date of creation : 2003-07-23

*

I e et e */
# include <stdio.h>

# include <stdlib.h>

**

include "gnuplot_i.h"
# include "defs.h"
# include "graphs.h"

void display_plotting_menu ( )

/*

* Arguments : /

*

* Action : Display plotting menu on the screen

*

* Return : /

*

* x/

{
printf ( "\nPLOTTING MENU\n" );
printf ( "------------- \n\n" );
printf ( "----mmmmmm e
printf ( "| Scatter Plot .........iiiiiiiiiia..
printf ( "| Fine scatter plot ..................
printf ( "| Original and filtered bathymetries.
printf ( "|
printf ( "| Return to Main Menu ................
printf ( M-mmmm e
printf ( "\n" );

} /* display_plotting_menu */

int plotting_menu ( gps_position #*gps_positions, int

/*

n_gps_positions,

—————————————— \n" );
......... 1 \n" );
......... 2  |\n" );
.......... 3 |\n" );

I\n" );
......... 9 I\n" );
—————————————— \n" );

gnuplot_ctrl xh )

* Arguments : ’n_gps_positions’ struct gps_position are passed.

* h is the Gnuplot handle (defined and initialized in main.c)
*

* Action : Display plotting menu.

*

* Return : -1 if user chooses to go back to main menu. 1 otherwise.

*

* x/

int choice;
choice = -1;

while ( 1)

n_gps_positions,

h );

{
switch ( choice )
{
case 1:
(void) scatter_plot ( gps_positions, n_gps_positions, h );
break;
case 2:
(void) scatter_plot_fin ( gps_positions,
break;
case 3:
(void) filteredbath_plot ( gps_positions, n_gps_positions, h );
break;
case 9:
return -1;
break;
}
(void) display_plotting_menu ();
printf ( " Selection : " );
scanf ( "%d", &choice );
¥

return 1;

} /* plotting_menu */

int scatter_plot ( gps_position *gps_positions, int n_gps_positions,

/*
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Arguments : ’n_gps_positions’ struct gps_position are passed.
h is the Gnuplot handle (defined and initialized in main.c)

Action : Scatter plot of GPS positions.
Return : 0 if an error occurred. 1 otherwise.

*/

/* Variables x*/

FILE *fp_gnuplot;

char fname_gnuplot[MAX_FNAME_SIZE];
char fname_output[MAX_FNAME_SIZE];
int i

int output_style;

/* I/0 Management */

strcpy ( fname_gnuplot, "gnuplotdata/scatter.dat" );
fp_gnuplot = fopen ( fname_gnuplot, "w" );

if ( fp_gnuplot == NULL )

{

printf ( "An error occurred when opening file ’%s’ !", fname_gnuplot );

return O;

/* Check if there are data to plot */
if ( n_gps_positions <= 0 )

{
printf ( "\nNo data to plot...\n" );
printf ( "Either an error occurred while processing the raw data\n" );
printf ( "or no data have been found. Make sure to process the data first
printf ( "Aborting ...\n" );
return O;

}

/* Reset all Gnuplot commands */
gnuplot_cmd ( h, "reset" );

/* Write into Gnuplot source file */
fprintf ( fp_gnuplot, "# GNUPLOT Scatter plot\n" );
for (i = 0 ; i < n_gps_positions ; i++ )
fprintf ( fp_gnuplot, "%.10f %.10f\n",
gps_positions[i].longitude,
gps_positions[i].latitude );

fclose ( fp_gnuplot );
/* Scatter plot */

printf ( "Paper [1] or screen [2] version (Default) ? " );
scanf ( "%d", &output_style );

/* Depending on output style, sets different terminals */

if ( output_style == 1

{
strcpy ( fname_output, "gnuplotfigs/scatter.eps" );
gnuplot_cmd ( h, "set terminal postscript \"Helvetica\l" 15" );

gnuplot_cmd ( h, "set output ’%s’", fname_output );
printf ( "Output file is : ’%s’\n", fname_output );
}
else

gnuplot_cmd ( h, "set terminal x11" );

/* Effective plotting takes place now ! */

gnuplot_cmd ( h, "set nolabel" );

gnuplot_cmd ( h, "set grid" );

gnuplot_cmd ( h, "plot ’%s’ notitle with dots", fname_gnuplot );

return 1;

} /* scatter_plot x/

int scatter_plot_fin ( gps_position *gps_positions, int n_gps_positions,

/

IR E)

gnuplot_ctrl xh )

Arguments : ’n_gps_positions’ struct gps_position are passed.
h is the Gnuplot handle (defined and initialized in main.c).

Action : Scatter plot of GPS positions (’fin’ stands for ’fine’ -- new
GPS positions have been added between existing ones by linear
interpolation).

Return : 0 if an error occurred, 1 otherwise.

*/

/* Variables */
FILE *fp_gnuplot;
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char fname_gnuplot [MAX_FNAME_SIZE];
char fname_output [MAX_FNAME_SIZE];
int 1i;

int j;

double ksi;

double x,y;

int n_local;

double delta_ksi;

double delta_x,delta_y;

int output_style;

/* I/0 Management */

strcpy ( fname_gnuplot, "gnuplotdata/scatter_fin.dat" );
fp_gnuplot = fopen ( fname_gnuplot, "w" );
if ( fp_gnuplot == NULL )
{
printf ( "An error occurred when opening file ’%s’ !", fname_gnuplot );

return O;

/* Check if there are data to plot */
if ( n_gps_positions <= 0 )

{
printf ( "\nNo data to plot...\n" );
printf ( "Either an error occurred while processing the raw data\n" );
printf ( "or no data have been found. Make sure to process the data first !\n" );
printf ( "Aborting ...\n" );
return O;
¥

/* Reset all Gnuplot commands */
gnuplot_cmd ( h, "reset" );

/* Write into Gnuplot source file */
ksi = 0.0;

fprintf ( fp_gnuplot, "# GNUPLOT Scatter plot (fine bathymetry)\n" );
for (i = 0 ; i < (n_gps_positions - 1) ; i++ )
{

/* Current GPS position */

x = gps_positions[i].longitude;

y = gps_positions[i].latitude;

/* Retrieve the number of soudings for the current GPS position */
n_local = gps_positions[i].n_soundings;

/* Compute the increment in ksi. Note : we divide by n_local and not
P y
(n_local-1) because the last sounding associated with the current GPS
position must not lie on the next one */

delta_ksi = gps_positions[i].distance / n_local;
delta_x = (gps_positions[i+1].longitude - x) / n_local;
delta_y = (gps_positions[i+1].latitude - y) / n_local;

for ( j = 0 ; j < n_local ; j++ )

{
fprintf ( fp_gnuplot, "%.10f %.10f\n", x, y );
ksi += delta_ksi;
X += delta_x;
y += delta_y;
¥

}
fclose ( fp_gnuplot );

printf ( "Paper [1] or screen [2] version (Default) 7 " );
scanf ( "%d", &output_style );

/* Depending on output style, sets different terminals */

if ( output_style == 1

{
strcpy ( fname_output, "gnuplotfigs/scatter_fin.eps" )
gnuplot_cmd ( h, "set terminal postscript \"Helvetica\l" 15" );

gnuplot_cmd ( h, "set output ’%s’", fname_output );
printf ( "Output file is : ’%s’\n", fname_output );
¥
else

gnuplot_cmd ( h, "set terminal x11" );
/* Scatter plot */
gnuplot_cmd ( h, "set nolabel" );
gnuplot_cmd ( h, "set grid" );
gnuplot_cmd ( h, "plot ’%s’ notitle with dots", fname_gnuplot );

return 1;

} /* scatter_plot_fin */

int filteredbath_plot ( gps_position *gps_positions, int n_gps_positions,
gnuplot_ctrl xh )

/*
* Arguments : ’n_gps_positions’ struct gps_position are passed.
* h is the Gnuplot handle (defined and initialized in main.c)
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Action

Return

*/

/* Variab

Plotting of two graphs on the same page/screen : top one is the original
bathymetry. Bottom one is the median filtered bathymetry.

IMPORTANT !! The source file used by Gnuplot is created within the function
’median_filter_single_file’ while exporting the data for use under Matlab.

0 if an error occurred, 1 otherwise.

les */

char fname_output[MAX_FNAME_SIZE];
char fname_gnuplot [MAX_FNAME_SIZE];

FILE *fp_
int outpu
char titl
char titl
char titl
char tmp[
double x0
int filte

/* Reset

gnuplot;

t_style;

e1[128];

e2[128];

e3[128];

32];

,x1; /* Range of x-axis */
r_length;

all Gnuplot commands */

gnuplot_cmd ( h, "reset" );

/* Open G
strepy (

nuplot source file to get title */
fname_gnuplot , "gnuplotdata/medflt.dat" );

fp_gnuplot = fopen ( fname_gnuplot, "r" );

if ( fp_g
{
printf
return
}
fscanf (
fclose (

/* Check
if ( n_gp
{
printf
printf
printf

printf
return

}

/* Which
printf (
scanf (
printf (
for:
scanf ( "

/* Depend
if ( outp
{
strcpy
gnuplo
gnuplo
printf
}
else
gnuplo

/* Effect

/* Titles
sprintf (

fil
sprintf (
sprintf (

gnuplot_cmd
gnuplot_cmd
gnuplot_cmd
gnuplot_cmd
gnuplot_cmd

/* x-axis

if ( ( x0
gnuplo

else
gnuplo

/* Plot 1

nuplot == NULL )
( "An error occurred when opening file ’%s’ !", fname_gnuplot );
0;

fp_gnuplot, "%s %d", tmp, &filter_length );

fp_gnuplot );

if there are data to plot */
s_positions <= 0 )

( "\nNo data to plot...\n" );

( "Either an error occurred while processing the raw data\n" );
( "or no data have been found. \
Make sure to process the data first !\n" );

( "Aborting ...\n" );

03

output version 7 */

"Paper [1] or screen [2] version (Default) ? " );
%d", &output_style );

"\nEnter x-axis range using ’x0 x1’ \

mat (for full range, enter 0 twice) : " );

%1f %Lf", &x0, &x1 );

ing on output style, sets different terminals */
ut_style == 1)

( fname_output, "gnuplotfigs/medflt.eps" );
t_cmd ( h, "set terminal postscript \"Helvetical\" 10" );
t_cmd ( h, "set output ’%s’", fname_output );

( "Output file is : ’%s’\n", fname_output );

t_cmd ( h, "set terminal x11" );
ive plotting takes place now ! */
*/

titlel, "Median-filtered bathymetry (filter length : %d)",

ter_length );
title2, "Original bathymetry" );
title3, "Absolute difference between bathymetries" );
( h, "set nolabel" );
( h, "set grid" );
( h, "set multiplot" );
( h, "set yrange [] reverse" );
( h, "set size 1,0.333" );
range */
==0.0) Il ( x1 ==0.0) )
t_cmd ( h, "set xrange [1" );

t_cmd ( h, "set xrange [%f:%f]l", x0, x1 );

(top) */

gnuplot_cmd ( h, "set origin 0,0.666" );
gnuplot_cmd ( h, "plot ’gnuplotdata/medflt.dat’ using 1:3 title \"%s\"with 1",

tit

lel );
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/* Plot 2 (middle) =*/
gnuplot_cmd ( h, "set origin 0,0.333" );

gnuplot_cmd ( h, "set ylabel \"Depth [m]\"" );

gnuplot_cmd ( h, "plot ’gnuplotdata/medflt.dat’ using 1:2 title \"%s\" with 1",
title2 );

/* Plot 3 (bottom) */

gnuplot_cmd ( h, "set origin 0,0" )

gnuplot_cmd ( h, "set ylabel \"\"" );

gnuplot_cmd ( h, "set xlabel \"Distance [m]\"" );

gnuplot_cmd ( h, "set yrange [] noreverse" );

gnuplot_cmd ( h, "plot ’gnuplotdata/medflt.dat’ using 1:4 title \"%s\" with 1",
title3 );

/* Restore normal setting */
gnuplot_cmd ( h, "set nomultiplot" );

return 1;

} /* filteredbath_plot */
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*
* stdev.h

*

* Laurent White

*

* Date of creation : 2003-09-08

*

I et e ] */

# include "defs.h"
double background_stdev ( gps_position *gps_positions, int n_gps_positions );

int compute_smooth_bathymetry ( gps_position *gps_positions, int n_gps_positions,
double bg_stdev, double factor );

int stdev_identification ( char *prefix,
gps_position *gps_positions, int n_gps_positions );
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stdev.c

Laurent White

Date of creation : 2003-09-08

* K K K X KK

include <stdlib.h>
include <stdio.h>
include <math.h>

include <string.h>

#* # H H

include "defs.h"
include "stdev.h"

#* #

int compute_smooth_bathymetry ( gps_position *gps_positions, int n_gps_positions,
double bg_stdev, double factor )
/
Arguments: gps_positions : array of ’n_gps_positions’
struct gps_position (cfr. defs.h)

Action: Compute a smoothed bathymetry by discriminating those soundings
that form the spike in a set of data whose standard deviation is
larger than F*(background std deviation) where F is
an arbitrary factor entered by the user and the background
standard deviation is the RMS of all depth standard deviations.

Return: 0 if an error occurred, 1 otherwise.

XK K K K K K K K K K X K

double running_sum;
double current_sounding;

int 1i;

int j;

int n_local; /* Number of soundings in local smoothed average */
double mean; /* Mean depth for GPS position */

double std; /* Standard deviation for GPS position */

running_sum = 0.0;
n_local = 0;
printf ( " Computing smooth bathymetry...\n" );
for (i = 0 ; i < n_gps_positions ; i++ )
{
running_sum = 0.0;
n_local = 0;

/* Get mean and std deviation for current GPS position */
mean = gps_positions[i].depth_mean;
std = sqrt ( gps_positions[i].depth_var );

if ( std > factor * bg_stdev )

/* Suspected presence of LWD: calculate mean by excluding
* those points belonging to LWD. Points related to LWD

* are those shallower. */

for ( j = 0 ; j < gps_positions[il.n_soundings ; j++ )
{
current_sounding = gps_positions[i].soundings[jl;
if ( current_sounding - mean > 0.0 )
/* Sounding belongs to spike */
{

running_sum += current_sounding;
n_local++;

}
} /* End browsing soundings associated

w/ current GPS location */

/* If no sounding is within the range, the smoothed
* is simply taken to be the mean including all soundings */

if ( n_local != 0 )

gps_positions[i].depth_mean_smooth = running_sum / n_local;
else

gps_positions[i].depth_mean_smooth = mean;

} /* End browsing GPS locations */
return 1;
} /* compute_smooth_bathymetry x*/

int stdev_identification ( char *prefix,
gps_position *gps_positions, int n_gps_positions )

/*

* Arguments : prefix : prefix of output file name.

* X, Y : arrays of longitudes, latitudes associated with the bathymetry
* (this is used to export the locations of spotted LWD)
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}

do
/*

*

LR

H_ori : Original bathymetry.
length : number of elements in all arrays
Action: None
Return: 0 if an error occurred, 1 otherwise.
/
double bg_stdev; /% Background standard deviation */
double factor; /* Discriminatory factor */
int 1i;
char fname_std_smooth [MAX_FNAME_SIZE];
char fname_std_lwd [MAX_FNAME_SIZE];
FILE *fp_std_smooth;
FILE *fp_std_1lwd;
/* I0 management */
strcpy ( fname_std_smooth, prefix );
strcat ( fname_std_smooth, ".std_smooth");
fp_std_smooth = fopen ( fname_std_smooth, "w" );
if ( fp_std_smooth == NULL )
{
printf ( "Opening file ’%s’ failed in ’identify LWD’.\n",
fname_std_smooth );
return O;
¥
strcpy ( fname_std_1lwd, prefix )
strcat ( fname_std_lwd, ".std_lwd");
fp_std_lwd = fopen ( fname_std_lwd, "w" );
if ( fp_std_lwd == NULL )
{
printf ( "Opening file ’%s’ failed in ’identify_LWD’.\n",
fname_std_lwd );
return O;
}
/* Compute background stdev (RMS of all std dev) */
bg_stdev = background_stdev ( gps_positions, n_gps_positions );
/* LWD identification */
printf ( "\nLWD identification...\n" );
printf ( " Enter discriminatory factor: " );
scanf ( "%1f", &factor );
for (i = 0 ; i < n_gps_positions ; i++ )
{
if ( sqrt(gps_positions[i].depth_var) > factor * bg_stdev )
fprintf ( fp_std_lwd, "%.10f %.10f\n",
gps_positions[i].longitude,
gps_positions[il].latitude );
}
/* Compute smooth bathymetry */
printf ( "\nCompute smooth bathymetry...\n" );
printf ( " Enter discriminatory factor: " );
scanf ( "%1f", &factor );
(void) compute_smooth_bathymetry ( gps_positions, n_gps_positions,
bg_stdev, factor );
for (i = 0 ; i < n_gps_positions ; i++ )
fprintf ( fp_std_smooth, "%.10f %.10f %.10f\n",
gps_positions[i].longitude,
gps_positions[i].latitude,
gps_positions[i].depth_mean_smooth );
fclose (fp_std_smooth);
fclose (fp_std_lwd);
return 1;
/* stdev_identification */

uble background_stdev ( gps_position *gps_positions, int n_gps_positions

Arguments: gps_positions : array of ’n_gps_positions’
struct gps_position (cfr. defs.h)

Action: None

Return: The RMS (square root of the mean of the square) of
all standard deviations.

double running_sum;

int 1i;
running_sum = 0.0;
for (i = 0 ; i < n_gps_positions ; i++ )

running_sum += gps_positions[il.depth_var;
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return sqrt ( running_sum / n_gps_positions

} /* background_stdev */

)
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