A Manual on using the 2 Phase Direct Volume Rendering Code
The plume data describes the effective scattering strength of the particles suspended in the seawater, this is used as a proxy for the density distribution of particles. Rendering of such complex participating media realistically as well as efficiently is an ongoing research problem. Note that we do not try to reproduce photos as the scale of photos is 1-2m, much smaller than the scale of the acoustic data 30-100m. We rendered a number of acoustic plume datasets using iso-surface rendering, single phase direct volume rendering (DVR), and two-phase DVR.
In this work, we show that one can perceive vertical expansion better by using a more optically-based rendering method that is able to convey the effects of scattering and shadows in the plume and surrounding water. Even for cameras and lights that are specially designed to function in a harsh seafloor environment, the tendency of water to absorb visible light sharply limits the visible area to a 2-5m wide viewing area. The acoustic data captures a 16m x 16m x 30m volume or larger, penetrating into the more dilute (and less wispier) regions of the plumes. Our primary goal is to best illustrate the expansion of the plumes and what enhancements would make viewing this data most useful, especially to scientists who want to analyze the plume.
The expansion rate of the plume is an important physical characteristic of the plume. It is strongly related to other features of interest to the scientists, such as the density and the mixing rate. The silhouette comparison shows qualitatively the significant improvement of the visible expansion in the results of the two-phase DVR method over the conventional iso-surfacing and single-phase DVR methods. The result of the two-phase DVR correlate more closely with the numerical analysis of the expansion than the other two methods. Through this application, we introduce a methodology for validating visualization results through quantitative comparison of expansion characteristics in data and visualization.
The particles in hydrothermal plumes depend on the chemistry and temperature of the fluid exiting the seafloor. High temperature fluids from black smokers are typically characterized by the precipitation of metal rich sulfide and sulfate minerals (e.g., Chalcopyrite, Pyrrhotite, Pyrite, Sphalerite) while low temperature fluids from white smokers typically precipitate amorphous silica, pyrite and barite. In order to incorporate the spectral response of these minerals into the visualization process, we implemented a spectral version of the two-phase DVR to render the acoustic data.
MINIMUM REQUIREMENTS:

Operating system: Linux or Unix.
SETTING-UP THE CODE:

You have to copy the whole directory KM-exploration_upload to your computer’s Hard Disk. 
In this directory go to kls.plx through the following path: 
KM-exploration_upload\ hari-ray-31 
Open this file using notepad or a similar text editing application.
Here you have to change two paths:

1. For the file itself (kls.plx) 
2. Location of the input data files (.vol files) according to their location in your computer.

You will find both these paths in the kls.plx file in the following way:
-Once you open kls.plx, go to the part of the code which says:

  # Set up the paths

-In this block change the path in front of ‘my $path =’ to the location of the file kls.plx in your computer.
-Next change the path in front of ‘my $datapath =’ to the location of the datafiles.
  All the existing (default) data files lie in the archives directory (KM-exploration\ datasets).
Similarly change the path for images to be stored. Note that you can change the location of both the datasets directory and the images directory to wherever you want, just change their path in the kls.plx file respectively.
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usr/bin/perl -
use strict;
use Hath: i Trig;

#  ssb = stat(

#  printf "File is %s, size is %s, perm 040,
# Sfilename, Ssb->size, Ssb->mode & 07777,
# scalar localtine $sb->ntine;

# List of mineral names

my @ninerals;
snineralsio]
sninerals(1]
sninerals(2]
sninerals(s]
sninerals(a]
$ninerals(s]
sninerals(s]
$ninerals(7]
$ninerals(s]

500_Anhydrit;
600 Barite";
500_Chal copyrite”;
600_Pyrite”;
500_Pyrrhotite”;
600_Sphalerite”;
500 Wurtzite";

100 Mhite";

300 Water”;

# initialize constants
my $PT = acos(-1);

ny §rads;
my ($xdisp, $ydisp);
my ($dist, $zdisp) = (20, 0);

my ($anglenane, Soffset) ;

# Set up the paths
# Change this if you move the script around!!

my $path = "/caip/u23/jaytakle/work/Ki-exploration/ol dRender /hari-ray-31";
chdir $path;

systen("rn -f $path/logs/+");

my §datapath = "/caip/u23/jaytakle/work/Ki-exploration/ol dRender /datasets/archive";

# Build an array of svailable volune files
# Store info in datainfo
# Use dataname as a hash key in datalist to sccess sssocisted data
ny sdatalist;

w foreach ny $volfile (glob(gdatapath.’/+.vol")) {

my gdatanane;
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Next you will have to install the pnm to png convertor package. For installing this package you need to be connected to the internet. Type the following command in the terminal:
sudo apt-get install pnmtopng
This will install the package and the code is ready to run.
THE DATASET:

The original data files used in the code are .fld formats, known as Field files. A Matlab code writes these files as output from a set of filtered raw SONAR data. This field file is basically made up of 2 parts, an ASCII header and a block of Binary data. The Header tells more in detail about the Binary data as a whole while the Binary data is just Intensity values. 
To use in the 2 Phase Direct Volume Rendering code we only need the Binary data and not the Header. For this exact reason the header is cut off from the original .fld file and 2 different file types are saved. The header is saved as a .data file and the Binary data is saved as a .vol file.  So if you want to use your own/new data files make sure there are only intensity values in the data files and saved with an extension .vol. 
The .vol is in a packed binary format and is comprised of Intensity values. Remember that the .vol filename must be of the following format:

 Name.dim1xdim2xdim3.pos1_pos2_pos3.vol
because the Perl script kls.plx deconstructs and uses to create .h files for the .c code compilation.

The .data file format though is in ASCII, which is for human readability. It is in the following format:
# AVS field file

Which says it is an AVS field file
# 
frame c:\storage\ru_grids\run234c
This is just the original location of the file
# min_ext= 0 5 5
States the minimum extreme
# max_ext= 25 30 30 
States the Maximum extreme
# min_val=0.000000 max_val=0.000840

States the minimum and maximum intensity values
ndim=3 # dim in field
dim1=51 # dim1=last-first samp

dim2=51 # dim2=npings/scan

dim3=51 # dim3=nscans

nspace=3 # num physical dims

veclen=1 # num components

data=xdr_float # data type

field=uniform # field type

label=c:\storage\ru_grids\run234c # labels
THE CONTROLLING PARAMETERS:

Now to change parameters and consequently the output image you have to open the file control.cfg, which lies in the path: KM-exploration\oldRender\hari-ray-31.  
Open the file with any text editor. Following are the parameters in this file which when changed render the image in a different way. Compare the file control.cfg and this explanation for a better overview.
lights = 0  

You can change this variable from 0 to 4 lights maximum (0 being one default light)
data = pan106cus_f7_twist15_crop80  

Type the dataset to be rendered (.vol file) here.
You can only use .vol files in this code. 
The data files are stored in the archive folder: KM-exploration\oldRender\datasets\archive. All the files have their name in the following format:  Name.dim1xdim2xdim3.pos1_pos2_pos3.vol
Here the dim1xdim2xdim3 part defines the Volume dimensions (in voxels) that the programmer uses while the pos1_pos2_pos3 is the Camera position.
Whenever you want to change the input file here, just type the Name part of the file in this line.
e.g.: data = name

conversion = 50000

This is the conversion factor which scales Mie to Rayleigh scattering.
You can increase the conversion factor by as much as you want but there will be visual limitations. 

"conversion" affects only the calculated opacity. When calculating the opacity, ‘scale’ (the next parameter) and ‘conversion’ are multiplied together. Therefore, it makes sense that smaller scale needs a higher conversion value to maintain plume opacity. In any case, a properly calculated conversion value should be higher at smaller scales, because a small cube containing N particles should be more opaque than a large cube containing N particles.

scale = 0.1

This is the Voxel size. Scale affects both the amount of absorption by the water and the calculated opacity.
mineral = R0600_Anhydrite

This defines reflectivity and absorption of particles.
Going through the definitions of C,R,K, and S confirmed that R is supposed to be the fraction of light reflected. It seemed consistent that the R data for Chalcopyrite, Pyrite, Pyrrhotite, Sphalerite, and Wurtzite were expressed as percentages. 

ambient = 0.6

diffuse = 0.4

rm = 1.0

Defines the percentage of light reflected by the mineral.

rw = 0.1

Defines the percentage of light reflected from water.
colorscale = 1.0

This was added to make the rendered plume image easily distinguishable.

bg = R0300_Water

Defines the reflectivity and absorption of water.

angle = 0

Angle of view from light. This is a way of viewing the data from the arbitrary position. You can change the eye/camera position by changing this value.
The following are just comments and options that might be useful for the user.

timeseries = run137c,run163c,pan167c_1,run175c,run183c,run208c,run226c

new_timeseries = run145c,run216c,run222c,run234c

minerals = R0600_Anhydrite, R0600_Barite, R0600_Chalcopyrite, R0600_Pyrite, R0600_Pyrrhotite, R0600_Sphalerite, R0600_Wurtzite

raycastbounds = (4,16,0) --> (36,48,32)

baseline = run106c_f4

After changing the parameters and input data file name as per your requirement, save the file.

RENDERING AN IMAGE:
Now to get the output image of our Input file dataset and all the parameters we need to run the file kls.plx
-Start the command prompt and go to the directory hari-ray-31 by typing in the terminal: cd KM-exploration/hari-ray-31
-When you are inside the directory hari-ray-31, type ./kls.plx in the command prompt and press enter to run the file.
-The command prompt window will show you the progress of the code with various messages that come out of the code at runtime.
-The last message the command prompt will give just before the completion is: Converting...
Once the converting is done to see the rendered image go to the folder fromScript through:
KM-exploration\datasets\images\fromScript 

The image will be named in the following way: 
Name_lights_conversion_scale_mineral_ambient_diffuse_rm_rw_colorscale_bg

Basically it has the name of the input dataset used followed by all the properties entered by the user in the control.cfg file.
Following is an example output image name:

tp_pan106cus_f7_twist15_crop80_31_L1_c050000_ms0.10_minR0600_Anhydrite_a0.6_d0.4_rm1.000_rw0.100_cs1.0_bgWater
If you use the same input file continuously without changing the parameters, the output images will be overwritten.

Following is an example of an output image:
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