import ifcopenshell
import ifcopenshell.geom
import json
import uuid
import time

start_time = time.time()

# Open the IFC file
try:
    ifc_file = ifcopenshell.open("BasicHouse.ifc")
except FileNotFoundError:
    print("IFC file not found. Please check the file path.")
    exit(1)


# Try to get projection information
epsg_code = None

# Check the IFC schema version
if ifc_file.wrapped_data.schema == "IFC4":
    crs_objects = ifc_file.by_type('IfcProjectedCRS')
    if crs_objects:
        crs_object = crs_objects[0]
        name = crs_object.Name
        epsg_code = name.split(':')[-1] if ':' in name else None

# If epsg_code is not available, try getting geolocation from IfcSite
if not epsg_code:
    site_objects = ifc_file.by_type('IfcSite')
    latitude = longitude = elevation = None

    if site_objects:
        site_object = site_objects[0]
        latitude = site_object.RefLatitude
        longitude = site_object.RefLongitude
        elevation = site_object.RefElevation
    

# Get all building elements except IfcOpeningElement
elements = [e for e in ifc_file.by_type("IfcProduct") if e.Representation is not None and not e.is_a("IfcOpeningElement")]


settings = ifcopenshell.geom.settings()
settings.set(settings.APPLY_DEFAULT_MATERIALS, True)
settings.set(settings.USE_WORLD_COORDS, True)

# Create a geometry iterator
iterator = ifcopenshell.geom.iterator(settings, ifc_file)

# Initialize the iterator
iterator.initialize()

elements_dict = {element.GlobalId: {"element": element} for element in elements}


# Mapping from 'IFC' types to 'CityJSON' types
ifc_to_cityjson_types = {
    "IfcWall": "WallSurface",
    "IfcWallStandardCase": "WallSurface",
    "IfcSlab": "GroundSurface",
    "IfcBeam": "BuildingPart",
    "IfcColumn": "BuildingPart",
    "IfcWindow": "Window",
    "IfcDoor": "Door",
    "IfcBuildingElementProxy": "BuildingInstallation",
    "IfcCovering": "BuildingInstallation",
    "IfcRailing": "BuildingPart",
    "IfcFurnishingElement": "BuildingFurniture",
    "IfcBuildingStorey": "BuildingStorey",
    "IfcBuilding": "Building",
    "IfcSite": "LandUse",
    "IfcRoad": "TransportSquare",
    "IfcSpace": "BuildingInstallation",
    "IfcStair": "BuildingPart",
}

def get_fillings(element):
    fillings = []
    if element.is_a("IfcOpeningElement") and element.HasFillings:
        for rel in element.HasFillings:
            filling = rel.RelatedBuildingElement
            if filling:
                fillings.append(filling.GlobalId)
    return fillings

def get_ifc_properties(element):
    properties = {}
    if element.IsDefinedBy:
        for rel in element.IsDefinedBy:
            if rel.is_a("IfcRelDefinesByProperties"):
                property_set = rel.RelatingPropertyDefinition
                if property_set.is_a("IfcPropertySet"):
                    if property_set.HasProperties: 
                        for property in property_set.HasProperties:
                            if property.is_a("IfcPropertySingleValue"):
                                properties[property.Name] = property.NominalValue.wrappedValue if property.NominalValue else None
    return properties

def convert_ifc_geometry_to_cityjson(triangulation, vertex_list, element_data=None):
    vertices = triangulation.verts
    faces = triangulation.faces
    vertices = [vertices[i:i+3] for i in range(0, len(vertices), 3)]
    faces = [faces[i:i+3] for i in range(0, len(faces), 3)]

    for vertex in vertices:
        vertex_tuple = tuple(vertex)
        if vertex_tuple not in vertex_list:
            vertex_list[vertex_tuple] = len(vertex_list)

    cityjson_geometry = [[[
        vertex_list[tuple(vertices[i])],
        vertex_list[tuple(vertices[j])],
        vertex_list[tuple(vertices[k])]
    ]] for i, j, k in faces]

    if element_data is not None and "fillings" in element_data:
        for filling_guid in element_data["fillings"]:
            if filling_guid in elements_dict and "geometry" in elements_dict[filling_guid]:
                cityjson_geometry.append(elements_dict[filling_guid]["geometry"])

    return cityjson_geometry

cityjson = {
    "type": "CityJSON",
    "version": "2.0.0",
    "CityObjects": {},
    "vertices": [],
    "metadata": {"referenceSystem": "urn:ogc:def:crs:EPSG::" + epsg_code} if epsg_code else {}
}

vertex_list = {}

context = {
    "@context": {
        "name": "http://schema.org/name",
        "description": "http://schema.org/description",
        "semantic": "http://schema.org/about",
        "hasProperty": {"@id": "http://example.org/hasProperty", "@type": "@id"},
        "value": "http://schema.org/value"
    }
}

graph_data = []



def process_shape(iterator, elements_dict, vertex_list, ifc_to_cityjson_types, cityjson, graph_data):
    while iterator.next():
        shape = iterator.get()
        if shape.guid not in elements_dict or elements_dict[shape.guid]["element"].is_a("IfcOpeningElement"):
            continue
        geometry = shape.geometry
        if geometry is None:
            continue
        element_data = elements_dict[shape.guid]
        element = element_data["element"]
        fillings = get_fillings(element)
        element_data["fillings"] = fillings
        cityjson_geometry = convert_ifc_geometry_to_cityjson(geometry, vertex_list, element_data)
        elements_dict[shape.guid]['geometry'] = cityjson_geometry

        properties = get_ifc_properties(element)

        cityjson_object = {
            "type": ifc_to_cityjson_types.get(element.is_a(), "Unknown"),
            "attributes": {
                "name": element.Name,
                "description": element.Description,
                "semantic": ifc_to_cityjson_types.get(element.is_a(), "Unknown"),  
                **properties  
            },
            "geometry": [{
                "type": "Solid",
                "boundaries": [cityjson_geometry],
                "lod": 3
            }]
        }

        cityjson["CityObjects"][shape.guid] = cityjson_object

        # Create a URI for this city object
        object_uri = str(uuid.uuid4())

        # Add data to the graph describing the city object
        graph_data.append({
            "@id": object_uri,
            "@type": cityjson_object["type"],
            "name": cityjson_object["attributes"]["name"],
            "description": cityjson_object["attributes"]["description"],
            "semantic": cityjson_object["attributes"]["semantic"],  
            "hasProperty": []  
        })

        # Add data to the graph describing the properties of the city object
        for property, value in properties.items():
            property_uri = str(uuid.uuid4())
            property_data = {
                "@id": property_uri,
                "name": property
            }
            if value is not None:
                property_data["value"] = value

            graph_data[-1]["hasProperty"].append(property_data)

process_shape(iterator, elements_dict, vertex_list, ifc_to_cityjson_types, cityjson, graph_data)

cityjson["vertices"] = [list(vertex) for vertex in vertex_list]

try:
    with open('Basic_House_2-0-0.json', 'w') as outfile:
        json.dump(cityjson, outfile)
except IOError:
    print("Error writing to JSON file. Please check the file path and permissions.")

# Append the context to the graph data
graph_data.append(context)

# Write the JSON-LD data to a file
with open('Basic_House_2-0-0.jsonld', 'w') as outfile:
    json.dump(graph_data, outfile)

print("--- %s seconds ---" % (time.time() - start_time))
