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T(r,z)=

1 import numpy as np

2

3 def air_index_from_temperature(T, TO, n@):

4 return 1.0 + (n@ - 1.0) *T0 / T

5

6 def temperature_from_air_index(n, T@, n@):

7 return (n@ - 1.0) * 70 / (n - 1.9)

8

9 def build_abel_matrix(radial_edges):

10 r = 0.5 * (radial_edges[:-1] + radial_edges[1:])

11 A = np.zeros((len(r), len(r)))

12 for i, x in enumerate(r):

13 for j in range(i, len(r)):

14 outer = np.sqrt(max(radial_edges[j + 1]**2 - x**2, 0.0))
15 inner = np.sqrt(max(radial_edges[j]**2 - x**2, 0.9))
16 Al[i, j] = 2.0 * (outer - inner)

17 return A

19 def solve_wrapped_phase(i@, il12e, i2490):

20 f0 = i@.astype(np.float64) / 255.0

21 120 = i120.astype(np.float64) / 255.0

22 240 = i240.astype(np.float64) / 255.0

23 numerator = np.sqrt(3.0) * (f240 - f120)
24 denominator = 2.0 * fo - f120 - f240

25 return np.arctan2(numerator, denominator)
26

27 def inverse_abel_regularized(projected_rz, radial_edges, alpha):

28 A = build_abel_matrix(radial_edges)
29 count = len(radial_edges) - 1

30 D = np.diff(np.eye(count), axis=0)
31 lhs = A.T @ A + alpha * (D.T @ D)
32 rhs = A.T @ projected_rz

33 return np.linalg.solve(lhs, rhs)

34

35 def unwrap_2d(phase):

36 return np.unwrap(np.unwrap(phase, axis=0), axis=1)

38 def phase_images_to_flame_temperature(
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flame_images, reference_images, X, z, r, radial_edges,
laser_radius, wavelength, pass_count, display_gain,
ambient_temperature, ambient_index, alpha):
flame_phase = unwrap_2d(solve_wrapped_phase(*flame_images))
reference_phase = unwrap_2d(solve_wrapped_phase(*reference_images))

phase_delta = flame_phase - reference_phase

x_grid, z_grid = np.meshgrid(x, z, indexing="1ij")
radius = np.sqrt(x_grid**2 + z_grid**2)

aperture = radius <= laser_radius

# TKEEFECENBRT AGERAM; BB 50E.
phase_delta = np.where(aperture, phase_delta, 0.0)

projected_opd = (
phase_delta * wavelength /

(2.0 * np.pi * pass_count * display_gain)

pos = np.where(x >= 0.0)[0]

neg = np.where(x <= 0.0)[0][::-1]

count = min(len(pos), len(neg))

symmetric_opd = 0.5 * (
projected_opd[pos[:count], :] +
projected_opd[neg[:count], :]

projected_rz = np.empty((len(r), len(z)))
for column in range(len(z)):
projected_rz[:, column] = np.interp(

r, x[pos[:count]], symmetric_opd[:, column]

delta_n_rz = inverse_abel_regularized(
projected_rz, radial_edges, alpha

)

delta_n_rz = np.minimum(delta_n_rz, 0.0)

local_index = ambient_index + delta_n_rz

temperature_rz = temperature_from_air_index(

local_index, ambient_temperature, ambient_index

temperature_xz = np.empty((len(x), len(z)))
for column in range(len(z)):
temperature_xz[:, column] = np.interp(
np.abs(x), r, temperature_rz[:, column],
left=temperature_rz[0, column],

right=ambient_temperature

return np.where(aperture, temperature_xz, ambient_temperature)
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