import os
import sys

py = (
    os.path.join(sys.base_prefix, "python.exe")
    if sys.platform == "win32"
    else os.path.join(sys.prefix, "bin", "python")
)

!"{py}" -c "import s4l_dti" || "{py}" -m pip install -q s4l-dti
%matplotlib inline

from pathlib import Path
from typing import Any

import s4l_v1 as s4l
import s4l_v1.document as document
import s4l_v1.materials.database as database
import s4l_v1.simulation.emlf as emlf
import SimpleITK as sitk
import itertools
from s4l_dti.denoise import denoise_mppca
from s4l_dti.imshow import plot
from s4l_dti.reconstruct import reconstruct_dti
from s4l_dti.register import (
    RegistrationMetric,
    Transform,
    apply_transform_header,
    extract_channel,
    register,
    resample_to,
)
from s4l_v1.analysis import SetViewAnalysis
from s4l_v1.analysis.evaluators import (
    ConductivityTensorMappingEvaluator,
    EigenVectorEvaluator,
)
from s4l_v1.analysis.extractors import ImageFieldImporter
from s4l_v1.analysis.viewers import SliceFieldViewer, VectorFieldViewer
from s4l_v1.model import Import, Unit, Vec3, AllEntities,  AutoAssignMaterials
from s4l_v1.renderer import (
    SetViewDirection,
    ShowScreenCapture,
    ZoomToEntity,
    ZoomToViewer,
)
from s4l_v1.model.image import ExtractSurface, HeadModelGeneration, eHeadModel

my_data_dir = Path(r"C:\Users\Patrick.yu\Desktop\YM")  #  你的檔案主資料夾
output_dir = my_data_dir / "output"
output_dir.mkdir(exist_ok=True, parents=True)         #  用來儲存對齊後的影像與 DTI 結果

dwi_image_file = my_data_dir / "dti_corrected.nii"              #  經過 eddy correction 後的 DWI 檔（4D）
bvec_file = my_data_dir / "dti_corrected.eddy_rotated_bvecs"    #  DWI 對應的方向向量檔
bval_file = my_data_dir / "bval_all"                            #  DWI 對應的 bval 值列表
t1_image_file = my_data_dir / "IXI025-Guys-0852-T1.nii.gz"      #  原始 T1 MRI 結構影像（作為對齊目標與 head model 來源）


# 讀取影像 
dwi_image = sitk.ReadImage(str(dwi_image_file), sitk.sitkVectorFloat32)
t1_image = sitk.ReadImage(str(t1_image_file), sitk.sitkFloat32)

# 對齊（DWI -> T1）
dwi_image0 = extract_channel(dwi_image)

tx = register(
    moving_image=dwi_image0,
    fixed_image=t1_image,
    dof=Transform.euler,
    metric=RegistrationMetric.mattes,
    sampling_percentage=1.0,
)
transformed_dwi_image = apply_transform_header(dwi_image, tx)

# 儲存對齊後的 DWI 
dwi_aligned_file = output_dir / "DWI_aligned.nii.gz"     #  對齊 T1 後的 DWI 檔
sitk.WriteImage(transformed_dwi_image, str(dwi_aligned_file))

#  加入降噪
#denoised_file = output_dir / "DWI_aligned_denoised.nii.gz"   #如果有用降躁,下面 reconstruct_dti 的 img_file的檔名需更改
#denoise_mppca(str(dwi_aligned_file), str(denoised_file))

#  DTI 重建 
s4l_dti_file = output_dir / "DTI-s4l.nii.gz"    #  根據 DWI 重建的 DTI 張量檔（可匯入 Sim4Life ）

reconstruct_dti(
    img_file=dwi_aligned_file,
    bvec_file=bvec_file,
    bval_file=bval_file,
    s4l_dti_file=s4l_dti_file,
)

importer = ImageFieldImporter()
importer.FileName = s4l_dti_file

dti_to_conductivity = ConductivityTensorMappingEvaluator(inputs=[importer.Outputs[0]])

max_ev_evaluator = EigenVectorEvaluator(inputs=[dti_to_conductivity.Outputs[0]])
max_ev_evaluator.Update()

vector_viewer = VectorFieldViewer(inputs=[max_ev_evaluator.Outputs[0]])
vector_viewer.Vector.Interpolate = False
vector_viewer.Vector.ScaleArrows = True
vector_viewer.UpdateAttributes()
vector_viewer.Slice.Plane = vector_viewer.Slice.Plane.enum.YZ  #可換成 XY 或 YZ 平面
vector_viewer.Update()
vector_viewer.Slice.Index = 53   #可更改slice index看別層切面
vector_viewer.UpdateMax()
s4l.document.AllAlgorithms.Add(vector_viewer)

s4l.analysis.RefreshViewers()

SetViewAnalysis(True)

SetViewDirection(Vec3(1, 0, 0))
ZoomToViewer(vector_viewer, zoom_factor=1.5)
ShowScreenCapture(width=512, height=512)

slice_viewer = SliceFieldViewer(inputs=[max_ev_evaluator.Outputs[0]])
slice_viewer.UpdateAttributes()
slice_viewer.Slice.Plane = slice_viewer.Slice.Plane.enum.YZ   #可換成 XY 或 YZ 平面
slice_viewer.Slice.Index = 53                                 #可更改slice index看別層切面
s4l.document.AllAlgorithms.Add(slice_viewer)

s4l.analysis.RefreshViewers()

ShowScreenCapture(width=512, height=512)

SetViewAnalysis(False)

# 讀取 MRI 為影像物件 
image_list = [Import(str(t1_image_file), release_gil=False)[0]]

#  建立標記組織的 Label Field 
labelfield = HeadModelGeneration(
    images=image_list,
    add_dura=True,
    closing_radius=30,
    close_skin=True,
    close_csf=True,
    close_skull=True,
    output_spacing=1.0,
    version=eHeadModel.head16,
)



#  模型生成 
surfaces = ExtractSurface(labelfield, smooth=True)

#  找出自動建立的群組 
head_model_group = AllEntities()["IXI025-Guys-0852-T1 () Surfaces"]  #需改檔名

# 展開 group 中所有幾何實體
def all_entities(entity_group):
    if isinstance(entity_group, model.EntityGroup):
        return list(itertools.chain(*[all_entities(e) for e in entity_group.Entities]))
    else:
        assert isinstance(entity_group, model.Entity)
        return [entity_group]


