# -*- coding: utf-8 -*-
import s4l_v1.analysis as analysis
import s4l_v1.document as document
import s4l_v1.model as model
import numpy as np
import csv
import os

def run_master_post_processor():
    SIM_NAME = "LF"                      # 模擬名稱
    FIELD_NAME = "EM E(x,y,z,f0)"        # 想要提取的場域名稱
    
    # 直線提取 
    ENABLE_LINE_PROBE = True             # 是否跑直線提取
    P1_mm = [5.0, 4.0, 0.0]              # 直線起點 (X, Y, Z)
    P2_mm = [5.0, -15.0, 0.0]            # 直線終點 (X, Y, Z)
    LINE_RESOLUTION = 0.5                # 每隔多少 mm 採樣一點
    LINE_CSV_PATH = r"C:\Users\Desktop\Line_Data.csv"

    # 指定切片匯出 
    ENABLE_SLICE = True             # 是否跑切片匯出？
    SLICE_INDEX = 41                     # 目標切片索引
    SLICE_CSV_PATH = r"C:\Users\Desktop\slice_Data.csv"
   
    try:
        simulation = document.AllSimulations[SIM_NAME]
        em_sensor_extractor = simulation.Results()["Overall Field"]
        try:
            em_sensor_extractor.FrequencySettings.ExtractedFrequency = u"All"
        except:
            pass
        em_sensor_extractor.Update(0)
    except KeyError:
        print(f" Error: No emulation named [{SIM_NAME}] found. Please check if the name is correct.")
        return


    if ENABLE_LINE_PROBE:
        os.makedirs(os.path.dirname(LINE_CSV_PATH), exist_ok=True)

        p1 = model.Vec3(P1_mm[0], P1_mm[1], P1_mm[2])
        p2 = model.Vec3(P2_mm[0], P2_mm[1], P2_mm[2])
        temp_line = model.CreatePolyLine([p1, p2])
        
        try:
            line_to_grid = analysis.core.ModelToGridFilter(inputs=[])
            line_to_grid.Entity = temp_line
            line_to_grid.MaximumEdgeLength = LINE_RESOLUTION 
            line_to_grid.UpdateAttributes()
            line_to_grid.Update(0)

            line_interp = analysis.core.FieldInterpolationFilter(
                inputs=[em_sensor_extractor.Outputs[FIELD_NAME], line_to_grid.Outputs[0]]
            )
            line_interp.UpdateAttributes()
            line_interp.Update(0) 

            line_field = line_interp.Outputs[0].Data.Field(0)
            n_pts = line_field.shape[0]
            
            coords_mm = np.linspace(P1_mm, P2_mm, n_pts)

            if np.iscomplexobj(line_field): line_field = np.abs(line_field)
            if len(line_field.shape) > 1 and line_field.shape[1] == 3:
                vals = np.linalg.norm(line_field, axis=1)
                label = f"{FIELD_NAME} Magnitude"
            else:
                vals = line_field.flatten()
                label = f"{FIELD_NAME} Value"

            with open(LINE_CSV_PATH, mode='w', newline='') as f:
                writer = csv.writer(f)
                writer.writerow(['X (mm)', 'Y (mm)', 'Z (mm)', label])
                for i in range(n_pts):
                    writer.writerow([coords_mm[i][0], coords_mm[i][1], coords_mm[i][2], vals[i]])
            
            print(f"Line data successfully extracted, totaling {n_pts} points, stored in: {LINE_CSV_PATH}")

        finally:
            temp_line.Delete() 

    if ENABLE_SLICE:
        os.makedirs(os.path.dirname(SLICE_CSV_PATH), exist_ok=True)
        
        try:
            slice_ext = analysis.core.StructuredFieldSliceExtractor(inputs=[em_sensor_extractor.Outputs[FIELD_NAME]])
            slice_ext.PlaneIndex = SLICE_INDEX
            slice_ext.UpdateAttributes()
            slice_ext.Update(0)
            
            s_data = slice_ext.Outputs[0].Data
            s_field = s_data.Field(0)
            s_grid = s_data.Grid
            
            Xs = np.array(s_grid.XAxis) * 1000.0
            Ys = np.array(s_grid.YAxis) * 1000.0
            Zs = np.array(s_grid.ZAxis) * 1000.0
            
            n_cells = max(1, len(Xs)-1) * max(1, len(Ys)-1) * max(1, len(Zs)-1)

            if s_field.shape[0] == n_cells:
                Xc = (Xs[:-1] + Xs[1:]) / 2.0 if len(Xs) > 1 else Xs
                Yc = (Ys[:-1] + Ys[1:]) / 2.0 if len(Ys) > 1 else Ys
                Zc = (Zs[:-1] + Zs[1:]) / 2.0 if len(Zs) > 1 else Zs
                XX, YY, ZZ = np.meshgrid(Xc, Yc, Zc, indexing='ij')
            else:
                XX, YY, ZZ = np.meshgrid(Xs, Ys, Zs, indexing='ij')
            
            s_pts = np.vstack([XX.ravel(order='F'), YY.ravel(order='F'), ZZ.ravel(order='F')]).T

            if np.iscomplexobj(s_field): s_field = np.abs(s_field)
            if len(s_field.shape) > 1 and s_field.shape[1] == 3:
                s_vals = np.linalg.norm(s_field, axis=1)
                s_label = f"{FIELD_NAME} Magnitude"
            else:
                s_vals = s_field.flatten()
                s_label = f"{FIELD_NAME} Value"

            with open(SLICE_CSV_PATH, mode='w', newline='') as f:
                writer = csv.writer(f)
                writer.writerow(['X (mm)', 'Y (mm)', 'Z (mm)', s_label])
                for i in range(len(s_vals)):
                    writer.writerow([s_pts[i][0], s_pts[i][1], s_pts[i][2], s_vals[i]])
            
            print(f"Slice export successful, totaling {len(s_vals)} points, now stored in: {SLICE_CSV_PATH}")

        except Exception as e:
            print(f"Slice export failed: {e}")

    print("\n All data extraction tasks have been completed.。")

if __name__ == "__main__":
    run_master_post_processor()
