READ_ME: Statistical Analysis of sections of sonar image

PURPOSE:
This file takes a chosen section of the sonar image and outputs a dataframe that contains the statistical analysis of these sections (mean, standard deviation, etc.) according to the distance away from the sonar.

INPUT:
· file_location: location of the dataframes exported from SMB processing code. This should be the settings and the sonar data files 
· fid: .smb file name 
· The file will automatically ask for these inputs:
· Input-first line of the row according to the long image for the section you have chosen
· Input-last line of the row according to the long image for the section you have chose
· Input-Section description (for example, a description of the roughness of the image)
· Note: to add more sections, change length of the for loop.

OUTPUT: 
· Statistics data outputted to a file named “stat ‘fid’.csv”

The code is printed on the following pages within this document.


CODE “SSS_Statistics”:
import math
import scipy.special as special
import scipy.integrate as integrate
import numpy as np
import pandas as pd
import cmath as c
import time
import os
import matplotlib.pyplot as plt
import matplotlib.patches as mpatches


###FOR STATISTICAL ANALYSIS
file_location = 'C:/Users/lizqs/Documents/Research Grad School/Field Data/Piankatank-2'
os.chdir(file_location)

fid = 'Oct26,2020,15-45-25.smb'

string = "".join(['sonar_data', fid, '.csv'])
sonar_data = pd.read_csv(string,index_col=0)
string2 = "".join(['settings', fid, '.csv'])
settings = pd.read_csv(string2,index_col=0)
print(fid)

range = settings.loc[0,'Range']  # [m]
print(f"range:{range}")

# This will need to pull from a header data file- GAIN scale initial
GainShiftFactor = settings.loc[0,'GainShiftFactor']
if GainShiftFactor == 4:
    max_gain = 24 # [dB] high settings
elif GainShiftFactor == 5:
    max_gain = 18 # [dB] medium setting
elif GainShiftFactor == 6:
    max_gain = 12 # [dB] low setting
else:
    print('WARNING: GainShiftFactor from Settings not within specified values, gain may not be calculated correctly')

print(f"Max dB: {max_gain}")
app_gain = settings.loc[0,'Gain'] # Gain applied to signal, 0 to 255
p_Gain = app_gain/255  # [%] some percentage of max gain
Gain = p_Gain * max_gain # [dB]
Max_dB = Gain
print(f"Percentage Gain:{p_Gain}")
print(f"Max available dB:{Max_dB}")

# Correct Sonar data so that it shows actual dB
sonar_data = sonar_data.to_numpy()
sonar_data = sonar_data * (Max_dB/255)
max_df = np.max(sonar_data)
sonar_data = pd.DataFrame(sonar_data)

## TVG SETTINGS
AutoTvg = settings.loc[0,'AutoTvg']
if AutoTvg == 1:
    print('WARNING: Automatic Time Varying Gain Enabled, Tvg calculations may not be correct.')

TvgFactorA = settings.loc[0,'TvgAFactor'] # [dB] represents spreading loss
TvgFactorB = settings.loc[0,'TvgBFactor']   # [dB per kilometer] represents one way absorption loss
TvgFactorC = settings.loc[0,'TvgCFactor']   # [dB] represents a base or starting gain level
# TvgFactorK = 20 #[dB]
TvgLimit = settings.loc[0,'TvgLimit']   # [Factor L in dB] limits the max gain to reasonable levels


spaces = len(sonar_data.columns)  # this is the amount of iterations (take it from spaces from smb_open_edits)
print(f"columns:{spaces}")

# Cutoff value set at estimated value where the tripod has no more influence over the signal except in the leg
# ie the value is found from the image set at a certain dip value
if range == 7:  # this is really 7.5
    start = 230
elif range == 10:
    start = 200
elif range == 5:
    start = 230
elif range == 20: # needs to be fixed
    start = 90
elif range == 15:
    start = 150
elif range == 25:
    start = 90
else:
    print('WARNING: Range not in if statement, cutoff value assumed.')
    start = 90

# to correct for the rounding error:
if range == 7:
    range = 7.5

#finds the line numbers for the horizontal segments
line_col = np.round((478/range)*(np.arange(1,range,1)),decimals=0)
line_col = line_col.astype('int')

print(f"lines at every meter: {line_col}")
plot2 = plt.figure(1)
sonarimg = plt.imshow(sonar_data,vmax=max_df,vmin=0)
plt.show()


## Build a dataframe with the statistics based on the sections in the image
Sections = pd.DataFrame()
Sections1 = pd.DataFrame()

x = 0
num = 0
for x in np.arange(0,1,1):  #change length to add more sections to the dataframe
    print('hi')
    row_start = int(input('Enter the first line of the row:'))
    row_end = int(input('Enter the end line of the row:'))
    sec_descrip = [input('Enter the section description in '' :')]
    r = 0
    for n in line_col:

        ##NOTE
        # there a double on the first line--

        Sections1 = Sections1
        r = r + 1

        Sections['Section Description'] = [sec_descrip]
        Sections['Starting row line'] = [row_start]
        Sections['Ending row line'] = [row_end]
        Sections['Distance away from Sonar [m]'] = [r]
        col_start = n - 3
        col_end = n + 3
        Sections['Starting column line'] = [col_start]
        Sections['Ending column line'] = [col_end]

        # get needed data and rearrange to make more workable
        data_sec = sonar_data.iloc[row_start:row_end,col_start:col_end].to_numpy()
        data_arr = np.ravel(data_sec)

        # # plot data to see distribution
        # plot = plt.figure(r)
        # data = plt.hist(data_arr)
        # plt.ylabel('count')
        # plt.xlabel('dB')
        # plt.show()

        Sections['Mean of section'] = [np.mean(data_arr)]
        Sections['Stan dev of section'] = [np.std(data_arr)]
        Sections['Range of section'] = [np.ptp(data_arr)]
        Sections['Max of section'] = [np.amax(data_arr)]
        Sections['Min of section'] = [np.amin(data_arr)]
        if n < start:
            Sections['NOTE'] = ['BELOW CUTOFF LINE']
        else:
            Sections['NOTE'] = [0]



        Sections['Maximum Decibels (without gain) [dB]'] = [max_gain]
        Sections['Decibels sent out (gain inputed) [dB]'] = [Max_dB]

        if num == 0:
            Sections1 = Sections
        else:
            Sections1 = pd.concat([Sections1, Sections], ignore_index=True)

        num = 1

# with pd.option_context('display.max_rows', None, 'display.max_columns', None):
#     print(Sections1)

string = "".join([file_location,'\stat',fid,'.csv'])
Sections1.to_csv(string)

