import numpy as np
import s4l_v1.document as document
import s4l_v1.model as model


SIMULATION_NAME = "LF"  # 求解器名稱
RESULT_INDEX = -1  # -1 means latest result
FIELD_NAME = "SAR(x,y,z,f0)" # 場域名稱
FIELD_GROUP_NAME = "Overall Field"
MARKER_RADIUS = 0.02 # Unit mm

def get_field_data_from_simulation(simulation_name, field_name, field_group_name="Overall Field", result_index=-1):
    simulation = document.AllSimulations[simulation_name]
    number_of_results = simulation.NumberOfResults

    if number_of_results <= 0:
        raise RuntimeError("Simulation has no results: {}".format(simulation_name))

    if result_index < 0:
        result_index = number_of_results + result_index

    if result_index < 0 or result_index >= number_of_results:
        raise RuntimeError(
            "Invalid result index {} for simulation '{}'. NumberOfResults = {}".format(
                result_index, simulation_name, number_of_results
            )
        )

    # Same pattern as Sim4Life's built-in "To notebook" export:
    # simulation = document.AllSimulations["LF"]
    # simulation_extractor = simulation.Results()
    simulation_extractor = simulation.Results(result_index)
    print("Using simulation:", simulation_name)
    print("Using result index:", result_index)
    print("Available result groups:", list(simulation_extractor.keys()))

    if field_group_name not in simulation_extractor.keys():
        raise RuntimeError(
            "Field group not found: {}. Available groups: {}".format(
                field_group_name, list(simulation_extractor.keys())
            )
        )

    sensor_extractor = simulation_extractor[field_group_name]

    if hasattr(sensor_extractor, "FrequencySettings"):
        sensor_extractor.FrequencySettings.ExtractedFrequency = u"All"

    sensor_extractor.UpdateAll()

    available_fields = [output.Description for output in sensor_extractor.Outputs]
    print("Available fields:", available_fields)

    if field_name not in available_fields:
        raise RuntimeError(
            "Field not found: {}. Available fields in '{}': {}".format(
                field_name, field_group_name, available_fields
            )
        )

    output = sensor_extractor.Outputs[field_name]
    output.Update()
    field_data = output.Data

    if field_data is None:
        raise RuntimeError("Output data is None for field: {}".format(field_name))

    return field_data

def field_values_to_numpy(field_data, snapshot_index=0):
    """Return field values as a NumPy array from Sim4Life FieldData."""
    values = np.asarray(field_data.Field(snapshot_index))
    if values.size == 0:
        raise RuntimeError("Field data is empty.")
    return values

def get_grid(field_data):
    grid = field_data.Grid
    if grid is None:
        raise RuntimeError("FieldData has no Grid.")
    return grid

def magnitude(values):
    values = np.asarray(values)

    # Vector field: if the last dimension looks like x/y/z components, use vector norm.
    if values.ndim >= 2 and values.shape[-1] in (3, 6):
        return np.linalg.norm(values[..., :3], axis=-1)

    # Scalar or complex scalar field.
    return np.abs(values)

def index_to_position(grid, flat_index, number_of_values):
    number_of_points = getattr(grid, "NumberOfPoints", None)
    number_of_cells = getattr(grid, "NumberOfCells", None)

    if number_of_points == number_of_values and hasattr(grid, "GetPointTransformed"):
        return grid.GetPointTransformed(flat_index)

    if number_of_points == number_of_values and hasattr(grid, "GetPoint"):
        return grid.GetPoint(flat_index)

    if number_of_cells == number_of_values and hasattr(grid, "GetCellCenter"):
        return grid.GetCellCenter(flat_index)

    raise RuntimeError(
        "Cannot map field index to a point or cell. "
        "Check Grid.NumberOfPoints / NumberOfCells versus the number of field values."
    )

def create_max_marker(position, max_value, field_name):
    point = model.CreatePoint(position)
    point.Name = "Max {} point: {:.6g}".format(field_name, max_value)

    sphere = model.CreateSolidSphere(position, MARKER_RADIUS)
    sphere.Name = "Max {} marker: {:.6g}".format(field_name, max_value)

    return point, sphere


field_data = get_field_data_from_simulation(
    SIMULATION_NAME,
    FIELD_NAME,
    FIELD_GROUP_NAME,
    RESULT_INDEX,
)
values = field_values_to_numpy(field_data)
mag = magnitude(values)

flat_index = int(np.nanargmax(mag))
max_value = float(np.ravel(mag)[flat_index])

grid = get_grid(field_data)
position = index_to_position(grid, flat_index, np.ravel(mag).size)

point, sphere = create_max_marker(position, max_value, FIELD_NAME)

print("Max field:", FIELD_NAME)
print("Max value:", max_value)
print("Flat index:", flat_index)
print("Position:", position)
print("Created marker:", point.Name, sphere.Name)

