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Script 1. façade_fractal_dimension_boxcount.py
"""
Box-counting fractal dimension for façade line drawings.

Citation
-------------------------------
Lee, J.H., Ostwald, M.J. and Dawes, M.J. (2026), "Assessing architectural façade character from line drawings: A computational framework linking formal complexity and order with human perception", Archnet-IJAR: International Journal of Architectural Research, https://doi.org/10.1108/ARCH-04-2026-0295

Study settings implemented here
-------------------------------
- Crop each drawing to its non-white bounding box first.
- Thin the linework to a 1-pixel skeleton before counting occupied boxes.
- Box-counting fractal dimension.
- Maximum grid size = 25% of the cropped bounding-box shorter side.
- 12 grid positions per box size.
- Golden ratio scaling coefficient.
- Minimum grid size = 10 px.

Important note
--------------
This is a FracLac-style Python implementation for research use. It is designed to
be stable and transparent for line drawings, but it is not byte-for-byte identical
to ImageJ/FracLac output.

Dependencies
------------
- Pillow
- numpy
- scikit-image

Example
-------
python 1.facade_fractal_dimension_boxcount.py \
    /path/to/images \
    /path/to/fractal_results.csv
"""

from __future__ import annotations

import argparse
import csv
import math
from pathlib import Path
from typing import Iterable, List, Sequence, Tuple

import numpy as np
from PIL import Image
from skimage.morphology import skeletonize

PHI = (1.0 + math.sqrt(5.0)) / 2.0


def parse_args() -> argparse.Namespace:
    p = argparse.ArgumentParser(description="FracLac-style box-counting fractal dimension for façade drawings")
    p.add_argument("input_path", help="Input image file or folder of image files")
    p.add_argument("output_csv", help="Output CSV path")
    p.add_argument("--white-threshold", type=int, default=250, help="Pixels >= threshold are treated as white background (default: 250)")
    p.add_argument("--min-box-size", type=int, default=10, help="Minimum grid size in pixels (default: 10)")
    p.add_argument("--max-box-frac", type=float, default=0.25, help="Maximum grid size as fraction of cropped bounding-box shorter side (default: 0.25)")
    p.add_argument("--grid-positions", type=int, default=12, help="Number of translated grid positions per box size (default: 12)")
    p.add_argument("--scale-coeff", type=float, default=PHI, help="Scaling coefficient between successive box sizes (default: golden ratio)")
    p.add_argument("--extensions", nargs="*", default=[".png", ".jpg", ".jpeg", ".tif", ".tiff", ".bmp", ".webp"], help="Image extensions to process")
    p.add_argument("--write-debug", action="store_true", help="Write cropped and skeleton images next to the CSV for inspection")
    return p.parse_args()


def list_images(input_path: Path, extensions: Sequence[str]) -> List[Path]:
    exts = {e.lower() for e in extensions}
    if input_path.is_file():
        return [input_path]
    files = [p for p in sorted(input_path.rglob("*")) if p.is_file() and p.suffix.lower() in exts]
    return files


def load_binary_cropped(path: Path, white_threshold: int = 250) -> Tuple[np.ndarray, Tuple[int, int, int, int]]:
    """Load image, convert to grayscale, threshold non-white linework, crop to bounding box.

    Returns
    -------
    cropped_mask : bool ndarray
        Foreground mask with True for linework.
    bbox : tuple[int, int, int, int]
        (x0, y0, x1, y1) in original-image coordinates, inclusive-exclusive.
    """
    gray = np.array(Image.open(path).convert("L"))
    fg = gray < white_threshold
    ys, xs = np.where(fg)
    if len(xs) == 0 or len(ys) == 0:
        # No detected linework; return minimal empty image.
        return np.zeros((1, 1), dtype=bool), (0, 0, 1, 1)
    x0, x1 = int(xs.min()), int(xs.max()) + 1
    y0, y1 = int(ys.min()), int(ys.max()) + 1
    cropped = fg[y0:y1, x0:x1]
    return cropped.astype(bool), (x0, y0, x1, y1)


def to_skeleton(mask: np.ndarray) -> np.ndarray:
    """Convert linework mask to 1-pixel skeleton."""
    if mask.size == 0 or np.count_nonzero(mask) == 0:
        return np.zeros_like(mask, dtype=bool)
    return skeletonize(mask).astype(bool)


def generate_box_sizes(shorter_side: int, min_box_size: int, max_box_frac: float, scale_coeff: float) -> List[int]:
    """Generate decreasing integer box sizes using the golden-ratio-style scale coefficient."""
    max_box_size = max(min_box_size, int(round(shorter_side * max_box_frac)))
    sizes: List[int] = []
    current = float(max_box_size)
    while current >= min_box_size:
        sizes.append(int(round(current)))
        current /= scale_coeff
    sizes.append(int(min_box_size))
    # unique, descending, >= min_box_size
    unique_sizes = sorted({s for s in sizes if s >= min_box_size}, reverse=True)
    return unique_sizes


def grid_offsets(box_size: int, n_positions: int) -> List[Tuple[int, int]]:
    """Return translated grid offsets.

    For 12 positions this yields a deterministic 3 x 4 layout of grid anchors
    spread across the first box cell, analogous to repeated grid repositioning.
    """
    if n_positions <= 1:
        return [(0, 0)]

    # Near-square grid of offsets; for 12 => 3 x 4.
    nx = int(math.floor(math.sqrt(n_positions)))
    ny = int(math.ceil(n_positions / nx))
    while nx * ny < n_positions:
        ny += 1

    x_fracs = np.linspace(0.0, 1.0, nx, endpoint=False)
    y_fracs = np.linspace(0.0, 1.0, ny, endpoint=False)

    offsets: List[Tuple[int, int]] = []
    for yf in y_fracs:
        for xf in x_fracs:
            ox = int(round(xf * max(0, box_size - 1)))
            oy = int(round(yf * max(0, box_size - 1)))
            offsets.append((ox, oy))
            if len(offsets) == n_positions:
                return offsets
    return offsets[:n_positions]


def count_occupied_boxes(mask: np.ndarray, box_size: int, ox: int, oy: int) -> int:
    """Count boxes containing at least one foreground pixel under a translated square grid."""
    h, w = mask.shape
    count = 0
    for y in range(-oy, h, box_size):
        y0 = max(0, y)
        y1 = min(h, y + box_size)
        if y0 >= y1:
            continue
        for x in range(-ox, w, box_size):
            x0 = max(0, x)
            x1 = min(w, x + box_size)
            if x0 >= x1:
                continue
            if mask[y0:y1, x0:x1].any():
                count += 1
    return count


def box_count_curve(mask: np.ndarray, box_sizes: Sequence[int], n_positions: int) -> Tuple[np.ndarray, np.ndarray, np.ndarray]:
    """Compute mean occupied-box counts across translated grid positions for each size."""
    mean_counts: List[float] = []
    std_counts: List[float] = []
    valid_sizes: List[int] = []

    for s in box_sizes:
        offsets = grid_offsets(s, n_positions)
        counts = [count_occupied_boxes(mask, s, ox, oy) for ox, oy in offsets]
        if np.mean(counts) > 0:
            valid_sizes.append(s)
            mean_counts.append(float(np.mean(counts)))
            std_counts.append(float(np.std(counts, ddof=0)))

    return np.asarray(valid_sizes, dtype=float), np.asarray(mean_counts, dtype=float), np.asarray(std_counts, dtype=float)


def fit_fractal_dimension(box_sizes: np.ndarray, mean_counts: np.ndarray) -> Tuple[float, float, float, float]:
    """Fit log(mean_count) ~ log(1/box_size), return slope (D), intercept, r2, RMSE."""
    if len(box_sizes) < 2:
        return float("nan"), float("nan"), float("nan"), float("nan")
    x = np.log(1.0 / box_sizes)
    y = np.log(mean_counts)
    slope, intercept = np.polyfit(x, y, 1)
    yhat = slope * x + intercept
    ss_res = float(np.sum((y - yhat) ** 2))
    ss_tot = float(np.sum((y - np.mean(y)) ** 2))
    r2 = float(1.0 - ss_res / ss_tot) if ss_tot > 0 else float("nan")
    rmse = float(math.sqrt(ss_res / len(y)))
    return float(slope), float(intercept), r2, rmse


def analyse_image(
    path: Path,
    white_threshold: int,
    min_box_size: int,
    max_box_frac: float,
    n_positions: int,
    scale_coeff: float,
    debug_dir: Path | None = None,
) -> dict:
    cropped, bbox = load_binary_cropped(path, white_threshold=white_threshold)
    skel = to_skeleton(cropped)

    h, w = skel.shape
    shorter = int(min(h, w))
    sizes = generate_box_sizes(shorter, min_box_size, max_box_frac, scale_coeff)
    valid_sizes, mean_counts, std_counts = box_count_curve(skel, sizes, n_positions)
    D, intercept, r2, rmse = fit_fractal_dimension(valid_sizes, mean_counts)

    if debug_dir is not None:
        debug_dir.mkdir(parents=True, exist_ok=True)
        Image.fromarray((cropped.astype(np.uint8) * 255)).save(debug_dir / f"{path.stem}_cropped_mask.png")
        Image.fromarray((skel.astype(np.uint8) * 255)).save(debug_dir / f"{path.stem}_skeleton.png")

    return {
        "filename": path.name,
        "fractal_dimension_D": D,
        "intercept": intercept,
        "r_squared": r2,
        "rmse_log_space": rmse,
        "original_bbox_x0": bbox[0],
        "original_bbox_y0": bbox[1],
        "original_bbox_x1": bbox[2],
        "original_bbox_y1": bbox[3],
        "bbox_width_px": w,
        "bbox_height_px": h,
        "bbox_shorter_side_px": shorter,
        "white_threshold": white_threshold,
        "max_grid_fraction": max_box_frac,
        "max_grid_size_px": int(max(sizes)) if sizes else "",
        "min_grid_size_px": min_box_size,
        "grid_positions": n_positions,
        "scaling_coefficient": scale_coeff,
        "foreground_pixels_cropped": int(np.count_nonzero(cropped)),
        "foreground_pixels_skeleton": int(np.count_nonzero(skel)),
        "n_scales_used": int(len(valid_sizes)),
        "box_sizes_px": ";".join(str(int(v)) for v in valid_sizes.tolist()),
        "mean_box_counts": ";".join(f"{v:.6f}" for v in mean_counts.tolist()),
        "std_box_counts": ";".join(f"{v:.6f}" for v in std_counts.tolist()),
        "note": "FracLac-style Python implementation; not byte-identical to ImageJ/FracLac",
    }


def write_csv(rows: Sequence[dict], output_csv: Path) -> None:
    if not rows:
        raise ValueError("No rows to write.")
    fieldnames = list(rows[0].keys())
    output_csv.parent.mkdir(parents=True, exist_ok=True)
    with output_csv.open("w", newline="", encoding="utf-8") as f:
        writer = csv.DictWriter(f, fieldnames=fieldnames)
        writer.writeheader()
        for row in rows:
            writer.writerow(row)


def main() -> None:
    args = parse_args()
    input_path = Path(args.input_path)
    output_csv = Path(args.output_csv)

    image_paths = list_images(input_path, args.extensions)
    if not image_paths:
        raise FileNotFoundError(f"No images found in: {input_path}")

    debug_dir = None
    if args.write_debug:
        debug_dir = output_csv.parent / (output_csv.stem + "_debug")

    rows = []
    for p in image_paths:
        print(f"Processing {p.name} ...")
        row = analyse_image(
            path=p,
            white_threshold=args.white_threshold,
            min_box_size=args.min_box_size,
            max_box_frac=args.max_box_frac,
            n_positions=args.grid_positions,
            scale_coeff=args.scale_coeff,
            debug_dir=debug_dir,
        )
        rows.append(row)

    write_csv(rows, output_csv)
    print(f"Saved results to: {output_csv}")


if __name__ == "__main__":
    main()


Script 2. façade_order_measures_sym_rhythm.py
"""
Facade order measures from line drawings.

This script computes:
- symmetry_score: bilateral symmetry around the facade-envelope centre
- rhythm_score: two-axis rhythm regularity from x and y projection profiles
- order_index: mean(symmetry_score, rhythm_score)

The script uses an occupancy-preserving preprocessing pipeline so thin grey
linework is less likely to disappear during normalisation.

Citation
-------------------------------
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Usage
-----
python facade_order_measures_sym_rhythm_v3.py <input_dir> <output_csv>

Dependencies
------------
pip install opencv-python numpy scipy scikit-image
"""

from __future__ import annotations

import argparse
import csv
from dataclasses import dataclass, asdict
from pathlib import Path
from typing import Iterable, List, Tuple

import cv2
import numpy as np
from scipy.ndimage import gaussian_filter1d, binary_dilation
from scipy.signal import find_peaks
from skimage.morphology import skeletonize


@dataclass
class Config:
    # Preprocessing
    target_short_side_px: int = 1024
    min_output_side_px: int = 64

    # Background-relative thresholds
    background_percentile: float = 99.95
    crop_bg_offset: int = 1
    faint_bg_offset: int = 1
    strong_bg_offset: int = 3

    # Occupancy-preserving downscaling
    min_occupancy_ratio: float = 0.0005
    min_strong_occupancy_ratio: float = 0.0002
    adaptive_quantile: float = 0.05
    adaptive_offset: int = 20
    adaptive_min_threshold: int = 170
    adaptive_max_threshold: int = 254
    inv_preserve_threshold: float = 0.005

    # Crop padding and morphology
    crop_pad_ratio: float = 0.02
    crop_pad_min_px: int = 2
    close_kernel_ratio: float = 0.0015
    min_reasonable_proc_px: int = 200

    # Skeleton fallback
    skeleton_min_ratio: float = 0.20

    # Symmetry
    symmetry_refine_px: int = 2
    symmetry_ignore_center_px_ref: int = 4  # at target_short_side_px reference scale
    symmetry_tol_ratio: float = 0.004       # relative to shorter processed side

    # Rhythm
    rhythm_sigma_divisor: float = 180.0
    rhythm_min_lag_ratio: float = 0.03
    rhythm_max_lag_ratio: float = 0.35
    rhythm_min_lag_px: int = 6
    rhythm_peak_prominence: float = 0.05
    rhythm_peak_distance_ratio: float = 0.03

    # File handling
    valid_suffixes: Tuple[str, ...] = (".png", ".jpg", ".jpeg", ".bmp", ".tif", ".tiff")


@dataclass
class PrepMeta:
    orig_h: int
    orig_w: int
    bg_estimate: int
    crop_threshold: int
    faint_threshold: int
    strong_threshold: int
    crop_y0: int
    crop_y1: int
    crop_x0: int
    crop_x1: int
    crop_pad_px: int
    crop_h: int
    crop_w: int
    scale_factor: float
    scale_percent: float
    norm_h: int
    norm_w: int
    adaptive_threshold: int
    close_kernel_size_px: int
    used_skeleton: int
    skeleton_fallback_used: int
    foreground_pixels_cleaned: int
    proc_pixels: int


def iter_images(input_dir: Path, suffixes: Iterable[str]) -> List[Path]:
    return [p for p in sorted(input_dir.iterdir()) if p.is_file() and p.suffix.lower() in suffixes]


def _read_image_gray(path: Path) -> np.ndarray:
    img = cv2.imread(str(path), cv2.IMREAD_UNCHANGED)
    if img is None:
        raise ValueError(f"Could not read image: {path}")

    if img.ndim == 2:
        gray = img
    elif img.ndim == 3 and img.shape[2] == 4:
        bgr = img[:, :, :3].astype(np.float32)
        alpha = img[:, :, 3:4].astype(np.float32) / 255.0
        white = np.full_like(bgr, 255.0)
        comp = bgr * alpha + white * (1.0 - alpha)
        gray = cv2.cvtColor(comp.astype(np.uint8), cv2.COLOR_BGR2GRAY)
    else:
        gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
    return gray


def _estimate_background(gray: np.ndarray, percentile: float) -> int:
    return int(np.clip(np.percentile(gray, percentile), 0, 255))


def _bounding_box(mask: np.ndarray) -> Tuple[int, int, int, int]:
    ys, xs = np.where(mask)
    if len(xs) == 0 or len(ys) == 0:
        return 0, mask.shape[0], 0, mask.shape[1]
    return int(ys.min()), int(ys.max()) + 1, int(xs.min()), int(xs.max()) + 1


def _resize_with_occupancy(gray_crop: np.ndarray, cfg: Config, scale: float, bg_estimate: int,
                           faint_thr: int, strong_thr: int) -> Tuple[np.ndarray, int]:
    h, w = gray_crop.shape
    out_h = max(cfg.min_output_side_px, int(round(h * scale)))
    out_w = max(cfg.min_output_side_px, int(round(w * scale)))

    gray_resized = cv2.resize(gray_crop, (out_w, out_h), interpolation=cv2.INTER_AREA if scale < 1 else cv2.INTER_CUBIC)

    faint_mask = (gray_crop <= faint_thr).astype(np.uint8)
    strong_mask = (gray_crop <= strong_thr).astype(np.uint8)

    if scale < 1.0:
        radius = max(1, int(np.ceil((1.0 / max(scale, 1e-6)) * 0.35)))
        ksize = 2 * radius + 1
        kernel = cv2.getStructuringElement(cv2.MORPH_ELLIPSE, (ksize, ksize))
        faint_mask = cv2.dilate(faint_mask, kernel, iterations=1)
        strong_mask = cv2.dilate(strong_mask, kernel, iterations=1)

    faint_occ = cv2.resize(faint_mask.astype(np.float32), (out_w, out_h), interpolation=cv2.INTER_AREA)
    strong_occ = cv2.resize(strong_mask.astype(np.float32), (out_w, out_h), interpolation=cv2.INTER_AREA)

    q = float(np.quantile(gray_resized, cfg.adaptive_quantile))
    adaptive_thr = int(np.clip(round(q + cfg.adaptive_offset), cfg.adaptive_min_threshold, cfg.adaptive_max_threshold))

    inv_norm = (float(bg_estimate) - gray_resized.astype(np.float32)) / max(1.0, float(bg_estimate))

    binary_occ = faint_occ >= cfg.min_occupancy_ratio
    binary_strong_occ = strong_occ >= cfg.min_strong_occupancy_ratio
    binary_gray = gray_resized <= adaptive_thr
    binary_inv = inv_norm >= cfg.inv_preserve_threshold

    binary = binary_occ | binary_strong_occ | binary_gray | binary_inv
    return (binary.astype(np.uint8) * 255), adaptive_thr


def preprocess_image(path: Path, cfg: Config) -> Tuple[np.ndarray, PrepMeta]:
    gray = _read_image_gray(path)
    orig_h, orig_w = gray.shape

    bg_est = _estimate_background(gray, cfg.background_percentile)
    crop_thr = max(0, bg_est - cfg.crop_bg_offset)
    faint_thr = max(0, bg_est - cfg.faint_bg_offset)
    strong_thr = max(0, bg_est - cfg.strong_bg_offset)

    crop_mask = gray <= crop_thr
    y0, y1, x0, x1 = _bounding_box(crop_mask)

    crop_h_raw = max(1, y1 - y0)
    crop_w_raw = max(1, x1 - x0)
    pad = max(cfg.crop_pad_min_px, int(round(cfg.crop_pad_ratio * min(crop_h_raw, crop_w_raw))))

    y0 = max(0, y0 - pad)
    y1 = min(orig_h, y1 + pad)
    x0 = max(0, x0 - pad)
    x1 = min(orig_w, x1 + pad)

    gray_crop = gray[y0:y1, x0:x1]
    crop_h, crop_w = gray_crop.shape

    short_side = max(1, min(crop_h, crop_w))
    scale = cfg.target_short_side_px / float(short_side)
    binary_resized, adaptive_thr = _resize_with_occupancy(gray_crop, cfg, scale, bg_est, faint_thr, strong_thr)

    kernel_radius = max(1, int(round(cfg.close_kernel_ratio * min(binary_resized.shape[:2]))))
    kernel_size = 2 * kernel_radius + 1
    kernel = cv2.getStructuringElement(cv2.MORPH_ELLIPSE, (kernel_size, kernel_size))
    closed = cv2.morphologyEx(binary_resized, cv2.MORPH_CLOSE, kernel)
    fg_cleaned = int(np.count_nonzero(closed))

    # Retry, more permissive, if still implausibly sparse.
    if fg_cleaned < cfg.min_reasonable_proc_px:
        binary_retry = (binary_resized > 0).astype(np.uint8) * 255
        closed = cv2.dilate(binary_retry, kernel, iterations=1)
        fg_cleaned = int(np.count_nonzero(closed))

    binary_bool = closed > 0
    skel = skeletonize(binary_bool).astype(np.uint8)
    skel_px = int(np.count_nonzero(skel))

    used_skeleton = 1
    fallback_used = 0
    proc = skel
    if skel_px < max(8, int(round(cfg.skeleton_min_ratio * max(1, fg_cleaned)))):
        used_skeleton = 0
        fallback_used = 1
        proc = (binary_bool.astype(np.uint8))

    proc_pixels = int(np.count_nonzero(proc))

    meta = PrepMeta(
        orig_h=orig_h,
        orig_w=orig_w,
        bg_estimate=bg_est,
        crop_threshold=crop_thr,
        faint_threshold=faint_thr,
        strong_threshold=strong_thr,
        crop_y0=y0,
        crop_y1=y1,
        crop_x0=x0,
        crop_x1=x1,
        crop_pad_px=pad,
        crop_h=crop_h,
        crop_w=crop_w,
        scale_factor=float(scale),
        scale_percent=float(scale * 100.0),
        norm_h=int(proc.shape[0]),
        norm_w=int(proc.shape[1]),
        adaptive_threshold=int(adaptive_thr),
        close_kernel_size_px=int(kernel_size),
        used_skeleton=used_skeleton,
        skeleton_fallback_used=fallback_used,
        foreground_pixels_cleaned=fg_cleaned,
        proc_pixels=proc_pixels,
    )
    return proc.astype(np.uint8), meta


# ---------------------------
# Symmetry
# ---------------------------


def mirrored_overlap_score(a: np.ndarray, b: np.ndarray, tol_px: int) -> float:
    a_mask = np.asarray(a > 0, dtype=bool)
    b_mask = np.asarray(b > 0, dtype=bool)

    a_count = int(np.count_nonzero(a_mask))
    b_count = int(np.count_nonzero(b_mask))
    if a_count == 0 or b_count == 0:
        return 0.0

    rad = max(1, int(tol_px))
    structure = np.ones((2 * rad + 1, 2 * rad + 1), dtype=bool)
    a_d = binary_dilation(a_mask, structure=structure)
    b_d = binary_dilation(b_mask, structure=structure)

    hit_ab = a_mask & b_d
    hit_ba = b_mask & a_d

    pa = float(np.count_nonzero(hit_ab)) / float(max(1, a_count))
    pb = float(np.count_nonzero(hit_ba)) / float(max(1, b_count))
    return float((pa + pb) / 2.0)


def profile_symmetry_score(a: np.ndarray, b: np.ndarray) -> float:
    """Similarity of mirrored vertical projection profiles in [0, 1]."""
    a_mask = np.asarray(a > 0, dtype=bool)
    b_mask = np.asarray(b > 0, dtype=bool)
    if a_mask.shape != b_mask.shape:
        min_w = min(a_mask.shape[1], b_mask.shape[1])
        a_mask = a_mask[:, :min_w]
        b_mask = b_mask[:, :min_w]
    if a_mask.size == 0 or b_mask.size == 0:
        return 0.0

    p_a = a_mask.sum(axis=0).astype(np.float32)
    p_b = b_mask.sum(axis=0).astype(np.float32)
    denom = float(np.sum(p_a + p_b))
    if denom <= 0:
        return 0.0
    return float(max(0.0, 1.0 - (np.sum(np.abs(p_a - p_b)) / denom)))


def symmetry_score_envelope(proc_img: np.ndarray, cfg: Config) -> Tuple[float, float, float, int, int, int, int]:
    """
    Bilateral symmetry around the facade-envelope centre with only local axis refinement.
    Returns combined score, overlap score, profile score, chosen axis, tolerance,
    search start, search end, and ignored centre strip.
    """
    fg = np.asarray(proc_img > 0, dtype=bool)
    h, w = fg.shape

    col_sum = fg.sum(axis=0)
    cols = np.where(col_sum > 0)[0]
    if len(cols) == 0:
        return 0.0, 0.0, 0.0, w // 2, 0, 0, w - 1, 0

    x_left = int(cols[0])
    x_right = int(cols[-1])
    axis_centre = int(round((x_left + x_right) / 2.0))

    refine_px = max(cfg.symmetry_refine_px, int(round(0.01 * (x_right - x_left + 1))))
    axis_start = max(x_left + 4, axis_centre - refine_px)
    axis_end = min(x_right - 4, axis_centre + refine_px)
    if axis_end < axis_start:
        axis_start = axis_end = axis_centre

    center_ignore_px = max(1, int(round(cfg.symmetry_ignore_center_px_ref * (min(h, w) / max(1, cfg.target_short_side_px)))))
    tol_px = max(1, int(round(cfg.symmetry_tol_ratio * min(h, w))))

    best_score = -1.0
    best_axis = axis_centre
    best_overlap = 0.0
    best_profile = 0.0

    for axis in range(axis_start, axis_end + 1):
        d = int(min(axis - x_left, x_right - axis))
        if d <= center_ignore_px + 2:
            continue

        left = fg[:, axis - d:axis]
        right = fg[:, axis:axis + d]
        if left.shape[1] == 0 or right.shape[1] == 0:
            continue
        right_mirror = np.fliplr(right)

        if center_ignore_px > 0:
            left = left[:, : max(0, left.shape[1] - center_ignore_px)]
            right_mirror = right_mirror[:, center_ignore_px:]

        min_w = min(left.shape[1], right_mirror.shape[1])
        if min_w <= 0:
            continue
        left = left[:, :min_w]
        right_mirror = right_mirror[:, :min_w]

        overlap = mirrored_overlap_score(left, right_mirror, tol_px)
        profile = profile_symmetry_score(left, right_mirror)
        score = 0.5 * overlap + 0.5 * profile

        if score > best_score:
            best_score = score
            best_axis = axis
            best_overlap = overlap
            best_profile = profile

    return float(max(0.0, best_score)), float(best_overlap), float(best_profile), int(best_axis), int(tol_px), int(axis_start), int(axis_end), int(center_ignore_px)


# ---------------------------
# Rhythm (two-axis)
# ---------------------------


def _directional_rhythm(profile: np.ndarray, axis_len: int, cfg: Config) -> Tuple[float, int, int, float, int]:
    if np.count_nonzero(profile) == 0:
        return 0.0, 0, 0, 0.0, 0

    sigma = max(1.0, axis_len / cfg.rhythm_sigma_divisor)
    smooth = gaussian_filter1d(profile.astype(np.float32), sigma=sigma)

    distance_px = max(1, int(round(cfg.rhythm_peak_distance_ratio * axis_len)))
    peaks, _ = find_peaks(smooth, prominence=cfg.rhythm_peak_prominence, distance=distance_px)

    min_lag = max(cfg.rhythm_min_lag_px, int(round(cfg.rhythm_min_lag_ratio * axis_len)))
    max_lag = max(min_lag + 1, int(round(cfg.rhythm_max_lag_ratio * axis_len)))

    if len(peaks) < 3:
        return 0.0, int(min_lag), int(max_lag), float(sigma), int(len(peaks))

    intervals = np.diff(peaks)
    valid = intervals[(intervals >= min_lag) & (intervals <= max_lag)]

    if len(valid) < 2:
        return 0.0, int(min_lag), int(max_lag), float(sigma), int(len(peaks))

    mu = float(np.mean(valid))
    sd = float(np.std(valid))
    if mu <= 0:
        return 0.0, int(min_lag), int(max_lag), float(sigma), int(len(peaks))

    cv = sd / mu
    score = float(np.exp(-cv))
    return score, int(min_lag), int(max_lag), float(sigma), int(len(peaks))


def rhythm_score_two_axis(proc_img: np.ndarray, cfg: Config) -> Tuple[float, float, float, int, int, float, int, int, int, float, int]:
    fg = proc_img > 0
    h, w = fg.shape

    profile_x = fg.sum(axis=0).astype(np.float32)  # repeated vertical divisions across width
    profile_y = fg.sum(axis=1).astype(np.float32)  # repeated horizontal bands across height

    score_x, min_lag_x, max_lag_x, sigma_x, peaks_x = _directional_rhythm(profile_x, w, cfg)
    score_y, min_lag_y, max_lag_y, sigma_y, peaks_y = _directional_rhythm(profile_y, h, cfg)

    score = float((score_x + score_y) / 2.0)
    return score, score_x, score_y, min_lag_x, max_lag_x, sigma_x, peaks_x, min_lag_y, max_lag_y, sigma_y, peaks_y


# ---------------------------
# Measurement
# ---------------------------


def measure_image(path: Path, cfg: Config) -> dict:
    proc, meta = preprocess_image(path, cfg)
    sym, sym_overlap, sym_profile, axis, sym_tol, axis_start, axis_end, center_ignore_px = symmetry_score_envelope(proc, cfg)
    rhythm, rhythm_x, rhythm_y, min_lag_x, max_lag_x, sigma_x, n_peaks_x, min_lag_y, max_lag_y, sigma_y, n_peaks_y = rhythm_score_two_axis(proc, cfg)
    order_index = float((sym + rhythm) / 2.0)

    row = {
        "filename": path.name,
        "symmetry_score": sym,
        "symmetry_overlap_score": sym_overlap,
        "symmetry_profile_score": sym_profile,
        "rhythm_score": rhythm,
        "rhythm_x_score": rhythm_x,
        "rhythm_y_score": rhythm_y,
        "order_index": order_index,
        "symmetry_axis_px": axis,
        "symmetry_tol_px": sym_tol,
        "symmetry_axis_search_start_px": axis_start,
        "symmetry_axis_search_end_px": axis_end,
        "symmetry_center_ignore_px": center_ignore_px,
        "rhythm_x_min_lag_px": min_lag_x,
        "rhythm_x_max_lag_px": max_lag_x,
        "rhythm_x_sigma": sigma_x,
        "rhythm_x_peak_count": n_peaks_x,
        "rhythm_y_min_lag_px": min_lag_y,
        "rhythm_y_max_lag_px": max_lag_y,
        "rhythm_y_sigma": sigma_y,
        "rhythm_y_peak_count": n_peaks_y,
    }
    row.update(asdict(meta))
    return row


# ---------------------------
# CLI
# ---------------------------


def main() -> None:
    parser = argparse.ArgumentParser(description="Compute symmetry, two-axis rhythm, and order index for facade drawings.")
    parser.add_argument("input_dir", type=str, help="Directory containing facade images")
    parser.add_argument("output_csv", type=str, help="Output CSV path")
    args = parser.parse_args()

    input_dir = Path(args.input_dir)
    output_csv = Path(args.output_csv)

    if not input_dir.exists() or not input_dir.is_dir():
        raise SystemExit(f"Input directory does not exist or is not a directory: {input_dir}")

    cfg = Config()
    image_paths = iter_images(input_dir, cfg.valid_suffixes)
    if not image_paths:
        raise SystemExit(f"No supported images found in: {input_dir}")

    rows = []
    for i, p in enumerate(image_paths, start=1):
        print(f"[{i}/{len(image_paths)}] Processing {p.name}...")
        try:
            rows.append(measure_image(p, cfg))
        except Exception as exc:
            rows.append({"filename": p.name, "error": str(exc)})
            print(f"  ERROR: {exc}")

    fieldnames = sorted({k for row in rows for k in row.keys()})
    output_csv.parent.mkdir(parents=True, exist_ok=True)
    with output_csv.open("w", newline="", encoding="utf-8") as f:
        writer = csv.DictWriter(f, fieldnames=fieldnames)
        writer.writeheader()
        writer.writerows(rows)

    print(f"Saved: {output_csv}")


if __name__ == "__main__":
    main()


Script 3. compute_language_scores.py
"""
Compute Order-language score, Complexity-language score, and Consensus score for façade-description data stored in CSV.

Outputs:
- Order-language score: proportion of usable participant descriptions for an image
  that contain at least one order-related lexical cue.
- Complexity-language score: proportion of usable participant descriptions for an
  image that contain at least one complexity-related lexical cue.
- Consensus score: mean pairwise cosine similarity between cleaned participant
  descriptions for an image using IDF-weighted binary lexical vectors.

The script appends these fields to the input CSV and writes a new CSV.
It uses only Python standard-library modules.

Citation
-------------------------------
Lee, J.H., Ostwald, M.J. and Dawes, M.J. (2026), "Assessing architectural façade character from line drawings: A computational framework linking formal complexity and order with human perception", Archnet-IJAR: International Journal of Architectural Research, https://doi.org/10.1108/ARCH-04-2026-0295

Usage
-----
python compute_language_scores.py input.csv output.csv
"""

from __future__ import annotations

import argparse
import csv
import math
import re
from collections import Counter
from pathlib import Path
from typing import Dict, Iterable, List, Sequence, Set, Tuple

# ---------------------------------------------------------------------
# Configuration
# ---------------------------------------------------------------------

DESCRIPTION_PREFIX = "Description"

# filler / discourse markers removed before lexical scoring and consensus
STOPWORDS: Set[str] = {
    "a", "an", "and", "are", "as", "at", "be", "because", "been", "but", "by",
    "can", "could", "did", "do", "does", "doing", "for", "from", "had", "has",
    "have", "having", "he", "her", "hers", "him", "his", "i", "if", "in", "into",
    "is", "it", "its", "itself", "just", "kind", "kinda", "like", "looks", "look",
    "looking", "lot", "lots", "many", "may", "maybe", "me", "might", "more", "most",
    "much", "my", "myself", "not", "of", "ok", "okay", "on", "or", "our", "ours",
    "out", "quite", "really", "same", "say", "seems", "seem", "she", "should", "so",
    "some", "sort", "such", "than", "that", "the", "their", "theirs", "them", "then",
    "there", "these", "they", "this", "those", "to", "too", "up", "very", "was",
    "we", "well", "were", "what", "when", "where", "which", "who", "with", "would",
    "yeah", "yes", "you", "your", "yours",
}

# simple lexical normalisation for common variants found in the corpus
TOKEN_MAP: Dict[str, str] = {
    "symmetrical": "symmetry",
    "symmetric": "symmetry",
    "symmetrically": "symmetry",
    "balanced": "balance",
    "balancing": "balance",
    "regularity": "regular",
    "rhythmic": "rhythm",
    "repetitive": "repeat",
    "repeated": "repeat",
    "repeating": "repeat",
    "repetition": "repeat",
    "ordered": "order",
    "orderly": "order",
    "organised": "organize",
    "organized": "organize",
    "organising": "organize",
    "organizing": "organize",
    "coherent": "cohere",
    "consistent": "consist",
    "proportional": "proportion",
    "complexity": "complex",
    "complicated": "complex",
    "detailed": "detail",
    "details": "detail",
    "intricacy": "intricate",
    "richness": "rich",
    "decorated": "decorate",
    "decorative": "decorate",
    "decoration": "decorate",
    "ornamented": "ornament",
    "ornamental": "ornament",
    "varied": "variety",
    "various": "variety",
    "diverse": "diversity",
    "different": "difference",
}

ORDER_WORDS: Set[str] = {
    "symmetry", "balance", "regular", "rhythm", "repeat", "order", "organize",
    "cohere", "consist", "proportion", "formal", "aligned", "alignment", "even",
}
ORDER_PHRASES: Tuple[str, ...] = (
    "left and right",
    "same on both sides",
    "same on the left and right",
    "evenly spaced",
    "in the middle",
    "dead centre",
    "dead center",
)

COMPLEXITY_WORDS: Set[str] = {
    "complex", "detail", "intricate", "rich", "busy", "ornament", "decorate",
    "variety", "diversity", "layered", "elaborate", "embellish", "difference",
}
COMPLEXITY_PHRASES: Tuple[str, ...] = (
    "many different",
    "a lot going on",
    "lots of detail",
    "a lot of detail",
    "a lot of decoration",
    "many forms",
    "many shapes",
)

TOKEN_RE = re.compile(r"[A-Za-z]+(?:'[A-Za-z]+)?")

# ---------------------------------------------------------------------
# Text helpers
# ---------------------------------------------------------------------

def normalize_text(text: str) -> str:
    text = text.lower().strip()
    text = text.replace("’", "'")
    text = re.sub(r"\s+", " ", text)
    return text


def simple_stem(token: str) -> str:
    token = token.strip("'")
    if token in TOKEN_MAP:
        return TOKEN_MAP[token]
    if token.endswith("ies") and len(token) > 4:
        token = token[:-3] + "y"
    elif token.endswith("es") and len(token) > 4:
        token = token[:-2]
    elif token.endswith("s") and len(token) > 3 and not token.endswith("ss"):
        token = token[:-1]
    if token.endswith("ing") and len(token) > 5:
        token = token[:-3]
    elif token.endswith("ed") and len(token) > 4:
        token = token[:-2]
    return TOKEN_MAP.get(token, token)


def cleaned_tokens(text: str) -> List[str]:
    norm = normalize_text(text)
    toks = [simple_stem(m.group(0)) for m in TOKEN_RE.finditer(norm)]
    return [t for t in toks if t and t not in STOPWORDS and len(t) > 1]


def contains_lexicon(text: str, tokens: Sequence[str], words: Set[str], phrases: Sequence[str]) -> bool:
    norm = normalize_text(text)
    token_set = set(tokens)
    if any(p in norm for p in phrases):
        return True
    if token_set & words:
        return True
    return False

# ---------------------------------------------------------------------
# Consensus score: IDF-weighted binary cosine similarity
# ---------------------------------------------------------------------

def compute_idf(doc_token_sets: Sequence[Set[str]]) -> Dict[str, float]:
    n_docs = len(doc_token_sets)
    df = Counter()
    for toks in doc_token_sets:
        for tok in toks:
            df[tok] += 1
    return {tok: math.log((1.0 + n_docs) / (1.0 + freq)) + 1.0 for tok, freq in df.items()}


def weighted_binary_norm(tokens: Set[str], idf: Dict[str, float]) -> float:
    return math.sqrt(sum((idf.get(tok, 0.0) ** 2) for tok in tokens))


def weighted_binary_cosine(a: Set[str], b: Set[str], idf: Dict[str, float]) -> float:
    if not a or not b:
        return 0.0
    inter = a & b
    num = sum((idf.get(tok, 0.0) ** 2) for tok in inter)
    den = weighted_binary_norm(a, idf) * weighted_binary_norm(b, idf)
    if den <= 0:
        return 0.0
    return num / den


def mean_pairwise_cosine(token_sets: Sequence[Set[str]], idf: Dict[str, float]) -> float:
    n = len(token_sets)
    if n < 2:
        return 0.0
    vals = []
    for i in range(n):
        for j in range(i + 1, n):
            vals.append(weighted_binary_cosine(token_sets[i], token_sets[j], idf))
    return sum(vals) / len(vals) if vals else 0.0

# ---------------------------------------------------------------------
# Main scoring logic
# ---------------------------------------------------------------------

def description_columns(fieldnames: Sequence[str]) -> List[str]:
    cols = [c for c in fieldnames if c.startswith(DESCRIPTION_PREFIX)]
    cols.sort(key=lambda x: int(re.search(r"(\d+)$", x).group(1)))
    return cols


def score_rows(rows: List[Dict[str, str]]) -> List[Dict[str, str]]:
    desc_cols = description_columns(rows[0].keys())

    # Build corpus-wide token sets for IDF estimation
    all_doc_sets: List[Set[str]] = []
    per_row_descs: List[List[Tuple[str, List[str], Set[str]]]] = []
    for row in rows:
        current = []
        for c in desc_cols:
            txt = row.get(c, "")
            if txt is None:
                txt = ""
            txt = str(txt).strip()
            if not txt:
                continue
            toks = cleaned_tokens(txt)
            tokset = set(toks)
            current.append((txt, toks, tokset))
            all_doc_sets.append(tokset)
        per_row_descs.append(current)

    idf = compute_idf(all_doc_sets)

    scored = []
    for row, descs in zip(rows, per_row_descs):
        n = len(descs)
        order_hits = 0
        complexity_hits = 0
        token_sets: List[Set[str]] = []
        for txt, toks, tokset in descs:
            token_sets.append(tokset)
            if contains_lexicon(txt, toks, ORDER_WORDS, ORDER_PHRASES):
                order_hits += 1
            if contains_lexicon(txt, toks, COMPLEXITY_WORDS, COMPLEXITY_PHRASES):
                complexity_hits += 1

        order_score = order_hits / n if n else 0.0
        complexity_score = complexity_hits / n if n else 0.0
        consensus_score = mean_pairwise_cosine(token_sets, idf)

        new_row = dict(row)
        new_row["Usable descriptions"] = str(n)
        new_row["Order-language count"] = str(order_hits)
        new_row["Complexity-language count"] = str(complexity_hits)
        new_row["Order-language score"] = f"{order_score:.6f}"
        new_row["Complexity-language score"] = f"{complexity_score:.6f}"
        new_row["Consensus score"] = f"{consensus_score:.6f}"
        scored.append(new_row)

    return scored


def read_csv(path: Path) -> Tuple[List[Dict[str, str]], List[str]]:
    with path.open("r", newline="", encoding="utf-8-sig") as f:
        reader = csv.DictReader(f)
        rows = list(reader)
        return rows, reader.fieldnames or []


def write_csv(path: Path, rows: List[Dict[str, str]], fieldnames: List[str]) -> None:
    path.parent.mkdir(parents=True, exist_ok=True)
    with path.open("w", newline="", encoding="utf-8") as f:
        writer = csv.DictWriter(f, fieldnames=fieldnames)
        writer.writeheader()
        writer.writerows(rows)


def main() -> None:
    parser = argparse.ArgumentParser(description="Append order-language, complexity-language, and consensus scores to a CSV.")
    parser.add_argument("input_csv", type=str)
    parser.add_argument("output_csv", type=str)
    args = parser.parse_args()

    in_path = Path(args.input_csv)
    out_path = Path(args.output_csv)

    rows, fieldnames = read_csv(in_path)
    if not rows:
        raise SystemExit("Input CSV is empty.")

    scored = score_rows(rows)

    extra = [
        "Usable descriptions",
        "Order-language count",
        "Complexity-language count",
        "Order-language score",
        "Complexity-language score",
        "Consensus score",
    ]
    out_fields = list(fieldnames) + [c for c in extra if c not in fieldnames]
    write_csv(out_path, scored, out_fields)
    print(f"Saved: {out_path}")


if __name__ == "__main__":
    main()
