
import numpy as np
import matplotlib.pyplot as plt
from matplotlib import cm
from astropy.io import fits
from scipy.optimize import curve_fit



https://www.sdss.org/dr13/manga/manga-tutorials/

def f_model(wave_obs, Halpha, Niia, Niib, sigma, z, C):
    

# inputs 
#########

# wave_obs - masked wavelength vector at pos (x,i)
# Halpha - value at peak of H_alpha emission line
# Niia - value at peak of Niia emission line
# Niib - value at peak of Niib emission line
# sigma- Dispersion of Gaussian
# z - redshift value of the galaxy
# C - Continuum value 

# output 
#########

# y data, is a model of flux 
    

# Values from assignment 6 table, at rest.
ha_r, Niia_r, Niib_r = 6564.61, 6549.86, 6585.27

    
# flux model formula is fit with 3 gaussian functions
flux = C+ Halpha * np.exp( -(wave_obs-ha_r*(1+z) )**2 / (2*sigma**2)) 
+ Niia * np.exp( -( wave_obs-Niia_r*(1+z) )**2 / (2*sigma**2)) 
+ Niib * np.exp( -( wave_obs-Niib_r*(1+z) )**2 / (2*sigma**2))
return flux

cube = fits.open('manga_8244_12704\manga-8244-12704-LINCUBE.fits')

# Re-order FLUX, IVAR, and MASK arrays from (wavelength, DEC, RA) to (RA, DEC, wavelength).
flux = np.transpose(cube['FLUX'].data, axes=(2, 1, 0))
ivar = np.transpose(cube['IVAR'].data, axes=(2, 1, 0))
mask = np.transpose(cube['MASK'].data, axes=(2, 1, 0))
wave = cube['WAVE'].data
flux_header = cube['FLUX'].header



h_alpha_redshift = 6563*(1+0.115137)

# will take length of index of all wavelength values less than
# H_a_rest to determine where index occurs.
ind_l, = np.where(wave <=(h_alpha_redshift)-100) 
ind_u, = np.where(wave <=(h_alpha_redshift)+100)
# get index of  +/-100A from H_alpha_redshifted
lower = (len(ind_l)) 
upper = (len(ind_u))
print(upper-lower) #200 angstrom

wave_new = wave[lower:upper]
flux_new = flux[:, :, lower:upper]
ivar_new = ivar[:, :, lower:upper]
error_new = np.sqrt(1/ivar_new) 
mask_new = mask[:, :, lower:upper]
print(np.shape(wave_new))
print(np.shape(flux_new))



do_not_use = [(mask_new[32,14] & 2**10) == 0]

# using splice operators for pos x=32, y=14 on reduced range matrices.
val_m_cr = flux_new[32, 14, :]
err_m_cr = error_new[32,14,:]

## THEN apply mask
val_cr = val_m_cr[tuple(do_not_use)]
print(np.median(val_cr))
err_cr = err_m_cr[tuple(do_not_use)]

plt.plot(wave_new,val_cr)
plt.xlabel('$\lambda \, [\AA]$')
plt.ylabel(flux_header['BUNIT'])



# defining initial values for curve_fit parameter fitting
C = np.median(val_cr)
z = 0.115137 # redshift of galaxy
sigma = 3 # Angstrom
halpha = np.amax(val_cr)-np.median(val_cr)# peak

ha_max = halpha*1.1
Niia = halpha / 3.5 # estimated peak
Niia_max = halpha*0.4
Niib = halpha / 2 # estimated peak
Niib_max = halpha*.7
p0_n = [halpha, Niia, Niib, sigma, z, C]
max_bounds=((0,0,0,0,0,-np.inf),(ha_max, Niia_max, Niib_max, 5, 0.2, np.inf))

# apply model for fluxes
popt1,pcov = curve_fit(f_model, wave_new, val_cr, p0=p0_n, bounds=max_bounds)
print('\n flux fit:')
print('Halpha: ', popt1[0] ,'\nNiia:   ',popt1[1], '\nNiib:   ',popt1[2], 

'\nsigma: ',popt1[3],'\nz:      ',popt1[4], '\nC:      ', popt1[5])

# apply model for errors
print('\n error fit:')
# popt2,_ = curve_fit(f_model, wave_new, err_cr, p0=p0_n)
popt2 = np.diag(np.sqrt(pcov))
print('\nHalpha: ', (popt2[0]) ,'\nNiia:   ',popt2[1], '\nNiib:   ',popt2[2], 

'\nsigma:  ',popt2[3],'\nz:      ',popt2[4], '\nC:      ', popt2[5])



## Saving Parameter Values (Halpha, Niia, Niib, sigma, z, C) + (Halpha_err, Niia_err, Niib_err, sigma, z, C)
## Each matrix is identical in shape - 74 x 74

ha, ha_err = np.full(shape=(74,74),fill_value=np.PZERO), np.full(shape=(74,74),fill_value=np.PZERO)
na, na_err = np.full(shape=(74,74),fill_value=np.PZERO), np.full(shape=(74,74),fill_value=np.PZERO)
nb, nb_err = np.full(shape=(74,74),fill_value=np.PZERO), np.full(shape=(74,74),fill_value=np.PZERO)
sgm, sgm_err = np.full(shape=(74,74),fill_value=np.PZERO), np.full(shape=(74,74),fill_value=np.PZERO)
zm, zm_err = np.full(shape=(74,74),fill_value=np.PZERO), np.full(shape=(74,74),fill_value=np.PZERO)
Cm, Cm_err = np.full(shape=(74,74),fill_value=np.PZERO), np.full(shape=(74,74),fill_value=np.PZERO)

ha[32,14] = popt1[0]
ha_err[32,14] = popt2[0]

na[32,14] = popt1[1]
na_err[32,14] = popt2[1]

nb[32,14] = popt1[2]
nb_err[32,14] = popt2[2]

sgm[32,14] = popt1[3]
sgm_err[32,14] = popt2[3]

zm[32,14] = popt1[4]
zm_err[32,14] = popt2[4]

Cm[32,14] = popt1[5]
Cm_err[32,14] = popt2[5]

print(np.shape(Cm_err))

np.savetxt(fname='z_map.HDF5', X=zm)



for i in range(0,len(mask)):
for j in range (0, len(mask)):

# access flux, error, mask values at i,j == x,y coordinates
val_m = flux_new[i, j, :]
err_m = error_new[i, j, :]
m_f = mask_new[i,j,:]
mask_val = [(m_f & 2**10) == 0]

        
val_f = val_m[tuple(mask_val)]
err_f = err_m[tuple(mask_val)]
wav_f = wave_new[tuple(mask_val)]

        
if (len(val_f) > 10): # determines valid minimum good values

# carrying on with the curve fit

# intial guess conditions, different for every [i,j]
C = np.median(val_f)
z = 0.115137 # redshift of galaxy
sigma = 3 # Angstrom
halpha = np.amax(val_f)-np.nanmedian(val_f)# peak
halpha_max = halpha*1.1
Niia = halpha*(1/3.5) # estimated peak
Niia_max = halpha*0.4
Niib = halpha*.5 # estimated peak
Niib_max = halpha*.7
p0_n = [halpha, Niia, Niib, sigma, z, C] # intitial parameter array

            
            

ydata = val_f+err_f
            

# apply curve_fit
if (abs(np.median(val_f))>0):

popt_f,pcov = curve_fit(f_model, wav_f, ydata, p0=p0_n, 
bounds=((0,0,0,-5,0,-np.inf),

(halpha_max, Niia_max, 
Niib_max, 5, 0.2, np.inf)),

maxfev=100000)
                

pcov_e = np.diag(np.sqrt(pcov))
# fill previously defined 74x74 NaN matrix with respective parameter values
ha[i,j] = popt_f[0]
ha_err[i,j] = pcov_e[0]

na[i,j] = popt_f[1]
na_err[i,j] = pcov_e[1]

nb[i,j] = popt_f[2]
nb_err[i,j] = pcov_e[2]

sgm[i,j] = popt_f[3]



zm[i,j] = popt_f[4]
zm_err[i,j] = pcov_e[4]

Cm[i,j] = popt_f[5]
Cm_err[i,j] = pcov_e[5]

                
else: # does not apply curve fit 

('')
# saves completed matrices in HDF5 files
np.savetxt(fname='ha_map.HDF5', X= ha)
np.savetxt(fname='ha_err_map.HDF5', X=ha_err)
np.savetxt(fname='niia_map.HDF5', X=na)
np.savetxt(fname='niia_err_map.HDF5', X=na_err)
np.savetxt(fname='niib_map.HDF5', X=nb)
np.savetxt(fname='niib_err_map.HDF5', X=nb_err)
np.savetxt(fname='sigmap.HDF5', X=sgm)
np.savetxt(fname='sigmap_err.HDF5', X=sgm_err)
np.savetxt(fname='z_map.HDF5', X=zm)
np.savetxt(fname='z_err_map.HDF5', X=zm_err)
np.savetxt(fname='C_map.HDF5', X=Cm)
np.savetxt(fname='C_err_map.HDF5', X=Cm_err)

import numpy as np
import matplotlib.pyplot as plt



# load the parameters
C = np.loadtxt('C_map.HDF5')
C_err = np.loadtxt('C_err_map.HDF5')
A_Ha = np.loadtxt('ha_map.HDF5')
Ha_err = np.loadtxt('ha_err_map.HDF5')
A_Niia = np.loadtxt('niia_map.HDF5')
Niia_err = np.loadtxt('niia_err_map.HDF5')
A_Niib = np.loadtxt('niib_map.HDF5')
Niib_err = np.loadtxt('niib_err_map.HDF5')
sigma = np.loadtxt('sigmap.HDF5')
sigma_err = np.loadtxt('sigmap_err.HDF5')

# we use the z-map generated to produce velocity maps
zm = np.loadtxt('z_map.HDF5')
zmap = zm

# NAN are invalid values overwritten by accepted values
v_map = np.full(shape=(74,74),fill_value=np.nan)
v_im = np.full(shape=(74,74),fill_value=np.nan)

c = 2.9792458e5 # speed of light
v_map = (zmap-0.115137) * c

# starting points in loop are reduced to surrounding our range of interest
for i in range(18,len(zmap)-19): 

for j in range(0,len(zmap)):
A = (A_Ha[i,j] // Ha_err[i,j])
Nb = (A_Niib[i,j]//Niib_err[i,j])
C_e = (5*C_err[i,j])
if (A>3) & (Nb > 3) &(A_Ha[i,j]>C_e):

if (v_map[i,j] > -500) & (v_map[i,j] < 500):
v_im[i,j] = v_map[i,j]                



im = v_im.T

extent = [-25.5000148, 25.5000148, -25.5000148, 25.5000148]
cmap = (plt.cm.get_cmap('gist_rainbow_r'))

ax = plt.imshow(im, extent=extent, cmap=cmap, vmin=-500, vmax=500, origin='lower', interpolation='none')
cmap.set_bad('k',1.)
plt.colorbar(ax, shrink=0.9, label='[$km \\times s^{-1}$]')
plt.title('Velocity Map of Galaxy')
plt.xlabel('pixel')
plt.ylabel('pixel')

# filtering 'bad points'
v_im[50:len(v_im),0:len(v_im)-35] = np.nan # bottom right
v_im[0:25,48:len(v_im)] = np.nan # top left
v_im[36:len(v_im),0:len(v_im)-59] = np.nan # bottom right



im = v_im.T
ax = plt.imshow(im, extent=extent, cmap=cmap, vmin=-500, vmax=500, origin='lower', interpolation='none')
plt.colorbar(ax, shrink=0.9, label='[$km \\times s^{-1}$]')
plt.title('Velocity Map of Galaxy')
plt.xlabel('pixel')
plt.ylabel('pixel')

fig, ax = plt.subplots()
cs = ax.contourf(im, cmap=cmap, vmin=-500, vmax=500, extent=extent)
cbar = fig.colorbar(cs, label='[$km \\times s^{-1}$]', shrink=0.9)
plt.title('Velocity Contour Map of Galaxy')
plt.xlabel('pixel')
plt.ylabel('pixel')
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