from collections import defaultdict
from pathlib import Path

import matplotlib.pyplot as plt
import numpy as np
import s4l_v1.analysis as analysis
import s4l_v1.document as document
import s4l_v1.materials.database as database
import s4l_v1.model as model
import s4l_v1.units as units
import XCoreModeling as xcm
import XPostProcessor as xp
from s4l_v1.data import TutorialDataDirectory
from s4l_v1.model import Vec3
from s4l_v1.renderer import SetViewDirection, ShowScreenCapture, ZoomToEntity
from s4l_v1.simulation import emlf, neuron

# parameters
TRUNCATE_DOMAIN = True
voltage_difference = 1.0  # V
#project_name = "eti_simple.smash"

import s4l_v1.ui  # noqa: E402

s4l_v1.ui.ChangeCurrentMode("Analysis")
# Extract EM results
em_simulation = document.AllSimulations["LF"]
em_simulation_extractor = em_simulation.Results()
em_sensor_extractor = em_simulation_extractor["Overall Field"]
em_sensor_extractor.UpdateAttributes()
# Compute currents
inputs = [
    em_sensor_extractor.Outputs["EM Potential(x,y,z,f0)"],
    em_sensor_extractor.Outputs["J(x,y,z,f0)"],
]
current_extractor = analysis.extractors.CurrentExtractor(inputs=inputs)
current_extractor.UpdateAttributes()
document.AllAlgorithms.Add(current_extractor)

current_extractor.Update()
c = current_extractor.Outputs["Total Flux(J(x,y,z,f0))"]

total_unnormalized_current = np.real(c.Data.GetComponent(0)[0])  # in A
model_impedance = voltage_difference / total_unnormalized_current  # in Ohms

print(
    f"Un-normalized total current between the electrodes is: {1e3 * total_unnormalized_current:.3f} mA"
)
print(f"Bulk impedance is: {model_impedance:.1f} Ohms")

def create_data_producer(
    x_array, data_array, x_name, x_unit, y_name, y_unit, name, iscomplex=True
):
    if iscomplex:
        data = xp.ComplexFloatXYData()
    else:
        data = xp.FloatXYData()
    quantity = xp.Quantity()
    quantity.Name = y_name
    quantity.Unit = xp.Unit(y_unit)
    data.Quantity = quantity

    assert data.Allocate(len(data_array), [1])
    data.Axis = x_array.astype(np.float64)
    quantity = xp.Quantity()
    quantity.Name = x_name
    quantity.Unit = xp.Unit(x_unit)
    data.AxisQuantity = quantity
    if iscomplex:
        data.SetComponent(0, data_array.astype(np.complex64))
    else:
        data.SetComponent(0, data_array.astype(np.float32))

    # producer
    producer = analysis.core.TrivialProducer()
    producer.SetDataObject(data)
    producer.Description = str(name)
    document.AllAlgorithms.Add(producer)

    return producer

# define short rectangular pulse


t_1 = 5e-3   # 脈衝開始時間，表示刺激從 5 ms 時開始
pulse_amplitude = 1 # 脈衝振幅
pulse_duration = 10e-3  # 脈衝持續時間

t_max = 30e-3 # 總模擬時間，定義整個時域訊號長度

Nt = 5001   # 時間取樣點數
dt = t_max / Nt # 時間步長，相鄰兩個時間點之間的時間間隔

t_array = np.linspace(0, t_max, Nt).astype(np.float32)

pulse_array = np.zeros_like(t_array)
pulse_array = np.where(
    (t_array > t_1) & (t_array <= t_1 + pulse_duration),
    pulse_amplitude,
    pulse_array,
)
modulating_pulse_producer = create_data_producer(
    t_array,
    pulse_array,
    "Time",
    "s",
    "Modulation(t)",
    "",
    "Modulating Pulse",
    iscomplex=False,
)
fmax = 1 / dt
contact_impedance_model_producer = analysis.core.ContactImpedanceModelProducer(
    inputs=[]
)
contact_impedance_model_producer.ModelType = (
    contact_impedance_model_producer.ModelType.enum.ITIS
)
contact_impedance_model_producer.MaxFrequency = fmax, units.Hz
contact_impedance_model_producer.Steps = 5001
contact_impedance_model_producer.ItisSkinThickness = "Thin"
contact_impedance_model_producer.ItisElectrodeSize = 1.5, units.SquareCentiMeters
contact_impedance_model_producer.UpdateAttributes()
document.AllAlgorithms.Add(contact_impedance_model_producer)

contact_impedance_model_producer.Update()
Z_ETI = contact_impedance_model_producer.Outputs[0].Data.GetComponent(0)
f_array = contact_impedance_model_producer.Outputs[0].Data.Axis

fig, ax = plt.subplots()
ax.plot(f_array, np.real(Z_ETI), label="Re(Z)")
ax.plot(f_array, np.imag(Z_ETI), label="Im(Z)")

ax.set_xlabel("Frequency (Hz)")
ax.set_ylabel("Z(f) (Ohms)")
ax.set_title("Electrode/Skin Contact Impedance")
ax.legend()
fig.tight_layout()
plt.show()

f_array = np.concatenate([-f_array[-1:0:-1], f_array])
Z_ETI = np.concatenate([np.conj(Z_ETI[-1:0:-1]), Z_ETI])
Z_load = model_impedance
scaling_factor_array = Z_load / (2 * Z_ETI + Z_load)
scaling_factor_producer = create_data_producer(
    f_array,
    scaling_factor_array,
    "Frequency",
    "Hz",
    "EM Z(f)",
    "Ohm",
    "Electrode/Skin/Bulk Impedance model",
    iscomplex=True,
)
fig, ax = plt.subplots()
ax.plot(f_array, np.real(scaling_factor_array), label="Re")
ax.plot(f_array, np.imag(scaling_factor_array), label="Im")

ax.set_xlabel("Frequency (Hz)")
ax.set_ylabel("")
ax.set_title("Z_load / (Z_A + Z_B + Z_load)")
ax.legend()
fig.tight_layout()
plt.show()

# create and execute the algorithm
inputs = [modulating_pulse_producer.Outputs[0], scaling_factor_producer.Outputs[0]]
circuit_excitation = analysis.core.CircuitExcitation(inputs=inputs)
circuit_excitation.UpdateAttributes()
assert circuit_excitation.Update()

document.AllAlgorithms.Add(circuit_excitation)

t_array = modulating_pulse_producer.Outputs[0].Data.Axis
p_array = modulating_pulse_producer.Outputs[0].Data.GetComponent(0)
p2_array = circuit_excitation.Outputs[0].Data.GetComponent(0)
fig, ax = plt.subplots()
ax.plot(t_array, p_array, label="Original pulse")
ax.plot(t_array, p2_array, label="Pulse w/ Contact Impedance")
ax.set_xlabel("Time (s)")
ax.set_ylabel("Excitation signal")
ax.set_title("Excitation pulse")
ax.legend()
fig.tight_layout()
plt.show()
inputs = [em_sensor_extractor.Outputs[0], circuit_excitation.Outputs[0]]
modulated_field = analysis.core.ModulatedFieldEvaluator(inputs=inputs)
modulated_field.UpdateAttributes()
modulated_field.Name = "Modulated Efield"
document.AllAlgorithms.Add(modulated_field)

