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A.2.1 FEIFCEIRER

Listing 1: [ € MALIT A6 EE 2 A

"""Render one fixed camera view of a high-poly model under many sun directioms.

Run with Blender: blender --background --python render_blender.py -- --model ... —-output

import argparse
import json
import math
import os

import sys

import bpy

import mathutils

sys.path.insert (0, os.path.dirname(os.path.dirname(os.path.abspath(__file__))))
from workflow import world_light_to_billboard

def arguments():
argv = sys.argv[sys.argv.index("--") + 1:] if "--" in sys.argv else []
parser = argparse.ArgumentParser()
parser.add_argument ("--model", default=r"C:\Users\Zhangjingyi\Downloads\tree.glb")
parser.add_argument ("--output", default="../dataset/tree")
parser.add_argument ("--n_lights", type=int, default=32)
parser.add_argument ("--n_train", type=int, default=24)
parser.add_argument ("--res", type=int, default=256)
parser.add_argument ("--samples", type=int, default=32)
parser.add_argument ("--distance", type=float, default=4.0)

return parser.parse_args(argv)

def fibonacci_hemisphere(count):
golden = math.pi * (3.0 - math.sqrt(5.0))
return [(math.cos(i * golden) * math.sqrt(l - y * y), y, math.sin(i * golden))
for i in range(count) for y in [0.15 + 0.85 * (i + 0.5) / count]]

def look_at(obj, target):

obj.rotation_euler = (mathutils.Vector(target) - obj.location).to_track_quat("-Z", "Y").

to_euler()

def load_and_normalize(path):
bpy.ops.object.select_all(action="SELECT")
bpy.ops.object.delete(use_global=False)
if path.lower().endswith((".glb", ".gltf")):
bpy.ops.import_scene.gltf (filepath=path)
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elif path.lower().endswith(".fbx"):
bpy.ops.import_scene.fbx(filepath=path)

else:
bpy.ops.import_scene.obj(filepath=path)

meshes = [obj for obj in bpy.context.scene.objects if obj.type == "MESH"]

corners = [obj.matrix_world @ mathutils.Vector(corner) for obj in meshes for corner in obj.
bound_box]

minimum = mathutils.Vector(tuple(min(v[i] for v in corners) for i in range(3)))

maximum = mathutils.Vector(tuple(max(v[i] for v in corners) for i in range(3)))

center, scale = (minimum + maximum) / 2, 2.0 / max(maximum - minimum)

# Preserve GLB parent transforms: transform the imported hierarchy as one unit.

root = bpy.data.objects.new("NormalizedModelRoot", None)

bpy.context.collection.objects.link(root)

for obj in [item for item in bpy.context.scene.objects if item != root and item.parent is
None] :
obj.parent = root

root.location = -center * scale

root.scale = (scale, scale, scale)

bpy.context.view_layer.update()

return root

def choose_camera(camera, scene):
"""Select the horizontal view with the largest rendered tree silhouette."""
original_engine = scene.render.engine
original_resolution = (scene.render.resolution_x, scene.render.resolution_y)
camera.data.type, camera.data.ortho_scale = "ORTHO", 2.6
scene.render.engine = "BLENDER_WORKBENCH"
scene.display.shading.light = "STUDIO"
scene.display.shading.color_type = "MATERIAL"
scene.render.resolution_x = scene.render.resolution_y = 128
best_direction, best_pixels = None, -1
for index in range(12):
angle = 2.0 * math.pi * index / 12
direction = mathutils.Vector((math.cos(angle), math.sin(angle), 0.18)).normalized()
camera.location = direction * 4.0
look_at(camera, (0.0, 0.0, 0.0))
bpy . ops.render.render ()
pixels = bpy.data.images["Render Result"].pixels[:]
visible = sum(l for offset in range(3, len(pixels), 4) if pixels[offset] > 0.01)
if visible > best_pixels:
best_direction, best_pixels = direction, visible
camera.location = best_direction * 4.0
look_at(camera, (0.0, 0.0, 0.0))
scene.render.engine = original_engine
scene.render.resolution_x, scene.render.resolution_y = original_resolution

return best_direction
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def main():
args = arguments()
if not 0 < args.n_train < args.n_lights:
raise ValueError("n_train must be between 1 and n_lights - 1")
# Blender resets its process working directory on some Windows installs.
# Resolve relative paths from “code/~, so ~../dataset/tree” is reproducible.
if not os.path.isabs(args.output):
args.output = os.path.abspath(os.path.join(os.path.dirname(os.path.dirname(__file__)),
args.output))
os.makedirs(args.output, exist_ok=True)
load_and_normalize(args.model)
scene = bpy.context.scene
scene.render.engine = "CYCLES"
scene.cycles.samples, scene.cycles.use_denoising = args.samples, True
scene.render.resolution_x = scene.render.resolution_y = args.res
scene.render.resolution_percentage = 100
scene.render.image_settings.file_format, scene.render.image_settings.color_mode = "PNG", "
RGBA"
scene.render.film_transparent = True
camera_data = bpy.data.cameras.new("FixedCamera")
camera = bpy.data.objects.new("FixedCamera", camera_data)
bpy.context.collection.objects.link(camera)
scene.camera = camera
camera_direction = choose_camera(camera, scene)
camera.location = camera_direction * args.distance
look_at (camera, (0.0, 0.0, 0.0))
light_data = bpy.data.lights.new("DirectionalLight", "SUN")
light_data.energy = 3.0
light = bpy.data.objects.new("DirectionallLight", light_data)
bpy.context.collection.objects.link(light)
records = []
for index, direction in enumerate(fibonacci_hemisphere(args.n_lights)):
# “direction” points from the shaded object toward the light source.
light.location = mathutils.Vector(direction) * 5
look_at(light, (0.0, 0.0, 0.0))
filename = f"light_{index:03d}.png"
scene.render.filepath = os.path.join(args.output, filename)
bpy.ops.render.render (write_still=True)
records.append({"image": filename, "light_idx": index,
"split": "train" if index < args.n_train else "test",
# Billboard coordinates: z=world =, y=world z, z=toward camera (-world y).
"light_dir": world_light_to_billboard(direction, camera_direction),
"camera": {"position": list(camera.location), "target": [0, O, 0]}})
with open(os.path.join(args.output, "metadata.json"), "w", encoding="utf-8") as handle:

json.dump(records, handle, indent=2)

if __name__ == "__main__":

main()
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"""Dependency-free metadata helpers for the fixed-camera experiment."""

import math

def split_metadata_by_light(metadata, train_count: int):
"""Split deterministically by light index; camera/view fields are irrelevant."""
ordered = sorted(metadata, key=lambda item: item["light_idx"])

return ordered[:train_count], ordered[train_count:]

def world_light_to_billboard(direction, camera_direction=(0.0, -1.0, 0.0)):
"""Express a world-space light vector in a billboard frame facing the camera."""
def normalize(vector):

length = math.sqrt(sum(value * value for value in vector))
return [value / length for value in vector]
normal = normalize(camera_direction)
world_up = [0.0, 0.0, 1.0]
right = normalize([world_up[1] * normal[2] - world_up[2] * normall[1],
world_up[2] * normal[0] - world_up[O] * normall[2],
world_up[0] * normal[1] - world_up([1] * normal[0]])
up = [normal[1] * right[2] - normal[2] * right[1],
normal[2] * right[0] - normal[0] * right[2],
normal [0] * right[1] - normal[1] * right[0]]

return [sum(a * b for a, b in zip(direction, axis)) for axis in (right, up, normal)]

A.2.3 BUEmME

Listing 3: [& € AHML T MG 2 4R

"""Dataset for one fixed camera under varying directional lights."""
import json
import os

from typing import Optional, Tuple

import cv2

import imageio.v2 as imageio

import numpy as np

import torch

from torch.utils.data import Dataloader, Dataset

from workflow import split_metadata_by_light

class BillboardDataset (Dataset):
def __init__(self, root_dir: str, split: str, train_count: int = 24,

image_size: Optional[Tuple[int, int]] = None):
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if split not in {"train", "test", "all"}:
raise ValueError("split must be train, test, or all")
with open(os.path.join(root_dir, "metadata.json"), encoding="utf-8") as handle:
records = json.load(handle)
if records and "split" in records[0]:
selected = [r for r in records if split == "all" or r["split"] == split]
else:
train, test = split_metadata_by_light(records, train_count)
selected = {"train": train, "test": test, "all": train + test}[split]

self.root_dir, self.records, self.image_size = root_dir, selected, image_size

def __len__(self):

return len(self.records)

def __getitem__(self, index):

record = self.records[index]

image = imageio.imread(os.path.join(self.root_dir, record["image"])) .astype(np.float32)

/ 255.0
if image.ndim != 3 or image.shape[-1] not in (3, 4):
raise ValueError (f"Expected RGB/RGBA image, got {image.shapel}")
if image.shape[-1] ==
image = np.concatenate([image, np.ones_like(imagel[..., :1])], axis=-1)
if self.image_size:
height, width = self.image_size
image = cv2.resize(image, (width, height), interpolation=cv2.INTER_LINEAR)
direction = np.asarray(record["light_dir"], dtype=np.float32)
direction /= max(float(np.linalg.norm(direction)), le-8)
return {"image": torch.from_numpy(image[..., :3]),
"alpha": torch.from_numpy(imagel..., 3:4]),
"light_dir": torch.from_numpy(direction),

"light_idx": int(record["light_idx"])}

def make_dataloader(root_dir, batch_size=2, split="train", train_count=24,
image_size=None, num_workers=0):
dataset = BillboardDataset(root_dir, split, train_count, image_size)
return Dataloader(dataset, batch_size=batch_size, shuffle=split == "train",

num_workers=num_workers, drop_last=split == "train")

A.2.4 WEE R HE G

Listing 4: [& ML Billboard R L és
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"""A fixed-camera billboard with two trainable material textures."""
import torch
import torch.nn as nn

import torch.nn.functional as F
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class FixedCameraBillboardShader (nn.Module) :
def __init__(self, tex_resolution=128, image_resolution=256, ambient=0.15):
super () .__init__Q)
self.image_resolution, self.ambient = image_resolution, ambient
self .albedo_alpha = nn.Parameter(torch.full((1, 4, tex_resolution, tex_resolution),
0.5))
normal_roughness = torch.zeros((1, 3, tex_resolution, tex_resolution))
normal_roughness[:, 2].£fill_(0.5)

self .normal_roughness = nn.Parameter(normal_roughness)

Qtorch.no_grad()
def initialize_from_rgba(self, rgba: torch.Tensor):
"""Initialize the ordinary single-texture billboard from a reference RGBA image."""
if rgba.ndim ==
rgba = rgba.unsqueeze(0)
rgba = rgba.permute(0, 3, 1, 2)
texture = F.interpolate(rgba, self.albedo_alpha.shape[-2:], mode="bilinear",
align_corners=False)

self.albedo_alpha.copy_(torch.logit(texture.clamp(le-4, 1.0 - 1le-4)))

def forward(self, light_dir: torch.Tensor):
batch = light_dir.shape[0]

material = torch.sigmoid(F.interpolate(self.albedo_alpha, (self.image_resolution, self.

image_resolution), mode="bilinear", align_corners=False))
material = material.expand(batch, -1, -1, -1)

albedo, alpha = materiall:, :3], material[:, 3:4]

nr = F.interpolate(self.normal_roughness, (self.image_resolution, self.image_resolution

), mode="bilinear", align_corners=False) .expand(batch, -1, -1, -1)
xy = torch.tanh(nr[:, :2]) * 0.95
z = torch.sqrt((1.0 - (xy * xy).sum(1l, keepdim=True)).clamp_min(le-6))
normal = torch.cat([xy, z], dim=1)
light = F.normalize(light_dir, dim=-1)[:, :, None, None]
view = torch.tensor([0.0, 0.0, 1.0], device=light.device).view(1, 3, 1, 1)
ndotl = (normal * light).sum(l, keepdim=True).clamp_min(0.0)
half_vector = F.normalize(light + view, dim=1)
roughness = torch.sigmoid(nr[:, 2:3]).clamp(0.08, 1.0)
specular = (normal * half_vector).sum(l, keepdim=True).clamp_min(0.0).pow(2.0 / (
roughness * roughness) - 2.0) * 0.08
color = (albedo * (self.ambient + ndotl) + specular) * alpha

return color.permute(0, 2, 3, 1), alpha.permute(0, 2, 3, 1)

# Backward-compatible mame for local imports; its interface is intentionally light-only.

DifferentiableBillboardShader = FixedCameraBillboardShader

A.2.5 J&EERERF

Listing 5: XU B LA I ZRRE 7
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import argparse
import json

import os

import imageio.v2 as imageio
import matplotlib.pyplot as plt
import torch

import torch.nn.functional as F

from dataset import make_dataloader

from shader import FixedCameraBillboardShader

def composite_loss(pred, alpha, target, target_alpha):
foreground = target_alpha.expand_as(target)
rgb = (torch.abs(pred - target) * foreground).sum() / foreground.sum().clamp_min(1.0)
mask = F.11_loss(alpha, target_alpha)

smooth = (torch.abs(pred[:, 1:] - pred[:, :-1]).mean() + torch.abs(pred[:, :, 1:] - predl[:,

:, :-1]) .mean())
return rgb + 0.5 * mask + 0.02 * smooth, {"rgb_11": float(rgb), "alpha_l1": float(mask)}

def save_texture(path, tensor):
image = torch.sigmoid(tensor[0]) .permute(1, 2, 0).detach().cpu() .numpy()
imageio.imwrite(path, (image.clip(0, 1) * 255).astype("uint8"))

def main():

parser = argparse.ArgumentParser (description="Train a fixed-camera, light-varying billboard

")
parser.add_argument ("--data_dir", required=True)
parser.add_argument ("--output_dir", default="../outputs/tree")
parser.add_argument ("--epochs", type=int, default=200)
parser.add_argument ("--batch_size", type=int, default=4)
parser.add_argument ("--tex_res", type=int, default=128)
parser.add_argument ("--img_res", type=int, default=256)
parser.add_argument ("--1r", type=float, default=0.01)
parser.add_argument ("--n_train", type=int, default=24)
args = parser.parse_args()
os.makedirs(args.output_dir, exist_ok=True)
for name in ("textures", "checkpoints", "comparisons"):

os.makedirs(os.path. join(args.output_dir, name), exist_ok=True)

train_loader = make_dataloader(args.data_dir, args.batch_size, "train", args.n_train, (args

.img_res, args.img_res))
if not len(train_loader.dataset):
raise RuntimeError("No training images found")
shader = FixedCameraBillboardShader(args.tex_res, args.img_res)

first = next(iter(train_loader))
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shader.initialize_from_rgba(torch.cat([first["image"] [0], first["alpha"][0]], dim=-1))
baseline_state = {key: value.detach().clone() for key, value in shader.state_dict().items()
}
torch.save(baseline_state, os.path.join(args.output_dir, "checkpoints", "baseline.pt"))
optimizer, history = torch.optim.Adam(shader.parameters(), lr=args.lr), []
for epoch in range(args.epochs):
values = []
for batch in train_loader:
prediction, alpha = shader(batch["light_dir"])
loss, metrics = composite_loss(prediction, alpha, batch["image"], batch["alpha"])
optimizer.zero_grad(); loss.backward(); optimizer.step()
values.append(float(loss.detach()))
history.append({"epoch": epoch + 1, "loss": sum(values) / len(values), **metricsl})
print(f"epoch {epoch + 1:03d}/{args.epochs}: loss={history[-1]['loss']:.6f}")
torch.save(shader.state_dict(), os.path.join(args.output_dir, "checkpoints", "optimized.pt"
))
save_texture(os.path.join(args.output_dir, "textures", "albedo_alpha.png"), shader.
albedo_alpha)
save_texture(os.path. join(args.output_dir, "textures", "normal_roughness.png"), shader.
normal_roughness)
with open(os.path.join(args.output_dir, "metrics.json"), "w", encoding="utf-8") as handle:
json.dump(history, handle, indent=2)
plt.plot([item["epoch"] for item in history], [item["loss"] for item in history])
plt.xlabel("Epoch"); plt.ylabel("Loss"); plt.tight_layout()
plt.savefig(os.path.join(args.output_dir, "training_curve.png"), dpi=180); plt.close()
from eval import write_comparisons

write_comparisons(args.data_dir, args.output_dir, args.tex_res, args.img_res, args.n_train)

"__main__":

main()

A.2.6 SELEEERES SR

Listing 6: W77 6 ==K S HIEfF

1

import argparse

import os

import imageio.v2 as imageio

import numpy as np

import torch

from dataset import make_dataloader

from shader import FixedCameraBillboardShader

def display(rgb, alpha):

image = rgb.detach().cpu() .numpy().copy()
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1f image [alpha.detach() .cpu() .numpy O [..., 0] < 0.5] = 1.0

15 return image

ik @torch.no_grad()

1ip def write_comparisons(data_dir, output_dir, tex_res=128, img_res=256, n_train=24):

loader = make_dataloader(data_dir, 1, "test", n_train, (img_res, img_res))

N

baseline = FixedCameraBillboardShader(tex_res, img_res)

2p optimized = FixedCameraBillboardShader(tex_res, img_res)

[§]

baseline.load_state_dict(torch.load(os.path. join(output_dir, "checkpoints", "baseline.pt"),

map_location="cpu"))

optimized.load_state_dict(torch.load(os.path.join(output_dir, "checkpoints", "optimized.pt"
), map_location="cpu"))
25 comparison_dir = os.path.join(output_dir, "comparisons"); os.makedirs(comparison_dir,

exist_ok=True)

2b for batch in loader:

%)
=T

before, before_alpha = baseline(batch["light_dir"])

after, after_alpha = optimized(batch["light_dir"])

N

reference = display(batch["image"][0], batch["alpha"][0])

3p panel = np.concatenate([display(before[0], before_alpha[0]), display(after[0],
after_alpha[0]), reference], axis=1)

31 index = int(batch["light_idx"][0])

3p imageio.imwrite(os.path.join(comparison_dir, f"comparison_light_{index:03d}.png"), (

panel.clip(0, 1) * 255).astype("uint8"))

3p def main():

3p parser = argparse.ArgumentParser (description="Export fixed-camera billboard comparisons")
3[r parser.add_argument ("--data_dir", required=True)

3R parser.add_argument ("--output_dir", default="../outputs/tree")

3P parser.add_argument ("--tex_res", type=int, default=128)

b parser.add_argument ("--img_res", type=int, default=256)

i parser.add_argument ("--n_train", type=int, default=24)

ip args = parser.parse_args()

1B write_comparisons(args.data_dir, args.output_dir, args.tex_res, args.img_res, args.n_train)

i if __name__ == "__main__":

a7 main()

B R EA

B.1 JlZ&id#

outputs/tree/metrics.json 7 200 FKick. FHKICKH N loss s&21% epoch Fra it
BURBPF A . 2 E AR 2319 0.1254189362 A1 0.0489781170.
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