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Abstract

4-D reconstruction of wave overtopping by synchronized

UAV’s
Ikemoto Kazuma

Wave overtopping caused by typhoons and storm surges leads to severe damage around ports
and fishing harbors, including vessel capsizing and coastal flooding. Current countermeasures
involve estimating overtopping heights based on topography or historical observations and
installing offshore breakwaters or wave-dissipating blocks. However, appropriate measures
are not yet implemented on all vulnerable coasts. While increasing the size of breakwaters or
the volume of armor units can mitigate damage, excessive scaling leads to rising construction
costs and degradation of the coastal landscape. Therefore, it is essential to design
countermeasures proportional to the anticipated scale of overtopping.

To understand the overtopping structure, a method was employed using multiple UAVs to
analyze water mass behavior via stereo vision. While the ultimate target is the large-scale
overtopping (approximately 30 meters high) reported at the Aki Fishing Harbor offshore
breakwater in Kochi Prefecture, this study develops the measurement method targeting 10-
meter-class overtopping around the detached breakwater east of Kochi Port.

Three UAVs captured 4K video of the overtopping for approximately 15 minutes. Temporal
synchronization was achieved by filming a clock prior to flight, allowing the footage to be split
into approximately 30,000 sets of simultaneous frame images. Although the UAVs record
GNSS data for still images, the extracted video frames lack the metadata for camera position
and attitude—which fluctuate minutely due to strong winds—required for stereo vision.
Therefore, these parameters had to be estimated.

In the stereo vision analysis, while the goal is to estimate the 3D positions of dynamic targets
(water masses), this study first estimated the frame-by-frame camera positions and attitudes
using fixed control points. These fixed points were established based on a detailed DEM
created via prior photogrammetry of the target area. Based on these determined camera
parameters, the shapes of the dynamic waves and overtopping were reconstructed. A
comparison of the estimated camera positions with the UAV flight logs confirmed sufficient

accuracy.



In estimating the overtopping shape, it was found that factors such as spatial resolution in
feature matching, point cloud quality control, and the number of UAVs are critical. The
analysis used Agisoft Metashape Professional, where feature search parameters can be set as
alignment accuracy, and point cloud quality control can be managed via the spatial scale
allowing changes in depth maps. The process was automated using Python scripts for
continuous multi-step analysis.

Regarding the number of UAVs, reducing the unit count to two significantly lowered accuracy
and increased blind spots, demonstrating the superiority of using three or more UAVs.
Furthermore, under a ground resolution of approximately 2 cm/pix, it was confirmed that
setting the feature processing scale to 2x2 or 4x4 pixels (equivalent to 4-8 cm on the ground)
yielded a larger number of reconstructed points and captured the internal structure in greater
detail than the finest 1x1 pixel setting. Thus, the optimal spatial scale for SfM/MVS analysis
of 10-meter-class overtopping was estimated.

In conclusion, this method enables the visualization of the internal structure of wave

overtopping using video captured by UAVs from three or more viewpoints.

Key words Wave overtopping, UAV, Stereo vision, 4-D measurement, Camera pose

estimation, Spatial resolution
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Bfra—F
a—F1

427005 4.3 £F{T79 5729 D python 2 — I
o — FYERKIC X, Google Gemini % 15 L 7z,

# -*- coding: utf-8 -*-

import Metashape
import o0s

import re

# Metashape 70> =7 b 7 7 f LD ¥R
project_path = "D:¥¥lkemotoKazuma¥¥metashape¥¥20260108_1.psx"

# WAL T 2T v v 7 DA
BASE_CHUNK_NAME = "original"

# HF PR =Y ORYIDHERT 7 4 L DXA

phantom1_initial_path = r"D:¥UAV¥Phantom4RTK_1¥Framelmage-
DJI_0169¥Phantom4_20240915-100359-849.jpg"

phantom?2_initial_path = r"D:¥UAV¥Phantom4RTK_2¥Framelmage-
DJI_0032¥Phantom4_20240915-100359-860.jpg"

matrice_initial_path = r"D:¥UAV¥Matrice300RTK¥Frame-
DJI_20240915095232_0004¥Matrice300_20240915-100359-840.jpg"

# RS BHEHR 7 7 A M DIREE T
IMAGE_EXTENSIONS = (“jpg', "ipeg', '.png', ".gif, .bmp', ".tiff')

# QLB S 2 R D ROREC (WIIHR % R <)
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MAX _IMAGES_TO_PROCESS = 240

# [EH] 12y bOT7 74 AV MICBNTS [FFu—v o] BEEKEK
¥ 2ICRETBL, 3B x 24 = Aitetk BmEhE T,

# LRI 5 T°Ll7,

IMAGES_PER_SET_PER_DRONE = 1

# A%y TRIEOE

#Phantom 1,2 12 Z OfETA* v 7
BASE SKIP INTERVAL =1

# Matrice 3 Z OREfED 2 f5TCRAF v 7
MATRICE _SKIP MULTIPLIER = 2

# Metashape LB O 5VE 5% E
# 774 A MEE (downscale): Highest=0, High=1, Medium=2, Low=4, Lowest=8
ALIGNMENT_DOWNSCALE = 2 #7742 MEE (1 =High)

# 77 A~y 75HE (downscale): UltraHigh=1, High=2, Medium=4, Low=38, Lowest=16
DEPTH _MAPS DOWNSCALE =4 # T 72=y 7E (1 =Ultra High, 2 = High)

# =2 HNETAaL 7MY
BASE_OUTPUT_DIRECTORY = "D:¥¥lkemotoKazuma¥¥output¥¥20260108-1"

# AT — 2 (ply) OHIET AL 27 b ) (R=2FT 4 L2 Y 2HEEICT 2)
OUTPUT_POINTCLOUD_DIRECTORY = os.path.join(BASE_OUTPUT_DIRECTORY,

"Pointcloud")

def collect_drone_images(initial_path, max_limit, extensions, skip_interval=1):

nn

FBEINZTANELLHERT 7 A M ERERVINEICINEL, VR MEL E9,

nn

base_dir = os.path.dirname(initial_path)

34



images_to_return = []

all_files_with_datetime_part = []

print(f"{base_dir}' 2> SHEERZIEL T T F..")

try:
if not os.path.isdir(base_dir):
print(f"&d: R—=27 417 +bY '{base dir}' 2Z@ROo»0 A, ")
if os.path.exists(initial_path):
images_to_return.append (initial_path)

return images_to_return

for item_name in os.listdir(base_dir):
full_item_path = os.path.join(base_dir, item_name)
if os.path.isfile(full_item_path) and item_name.lower().endswith(extensions):
# 77 ANRD D RA LAZ Y THE 24l (f]: 20240915-100359)
match = re.search(r'_(¥d{8}-¥d{6})', item_name)
if match:
datetime_part = match.group(1)

all_files_with_datetime_part.append((datetime_part, full_item_path))
all_files_with_datetime_part.sort(key=lambda x: x[0])

start_index = -1
for i, (_, path) in enumerate(all_files_with_datetime_part):
if path == initial_path:
start_index = i

break

if start_index != -1:
images_to_return.append (all_files_with_datetime_part[start_index][1])
# FAtn 7 7 A VAR R R F v TR CUNEE
current_idx_to_add = start_index + skip_interval
while len(images_to_return) < max_limit and current_idx_to_add <
len(all_files_with_datetime_part):

images_to_return.append (all_files_with_datetime_part[current_idx_to_ad
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d]f1])

current_idx_to_add += skip_interval

elif os.path.exists(initial_path):
images_to_return.append (initial_path)
print(f"&&: $5E S NzFdtG 7 7 4 & '{initial_path}' 1ZFER%Y — Y X b
CEINEEATLE, ")

except Exception as e:

print(f'= 7 —: '{base_dir}' 2> HHE{RZINEFICZ 7 —2FREL T L7 {ef")

print(f"IXEE5E T : {len(images_to_return)} {[&DHE/{ER")

return images_to_return

B o e
#oee XA VU ---

B o e
def main():

mnnn

Metashape HEJULELD X 4 v B#L

mnnn

print("2 27V 7 FEBHBLE ST, ")

# 227V 7 F2MEAHL T3 Metashape DN — 2 v 2R L THRR
try:
metashape_version = Metashape.app.version
print(f'"¥nMetashape 7 4 7' Y ®N— 2 ¥: {metashape_version}")
version_tuple = tuple(map (int, metashape_version.split('.")))
except Exception as e:
print(f'¥nMetashape D N—Y 2 VY Z G CTE FHATL 2 {e}")

return

#--- 1. HI{RY R b OUEf ---
print("¥n--- 27 v 7 1: Wif§ Y X F DA ---")
total_limit = MAX_IMAGES_TO_PROCESS + 1
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phantom1_images = collect_drone_images(phantom1_initial_path, total_limit,
IMAGE_EXTENSIONS, skip_interval=BASE_SKIP_INTERVAL)
phantom2_images = collect_drone_images(phantom2_initial_path, total_limit,
IMAGE_EXTENSIONS, skip_interval=BASE_SKIP_INTERVAL)
matrice_images =  collect_drone_images(matrice_initial_path,  total_limit,
IMAGE_EXTENSIONS, skip_interval=BASE_SKIP_INTERVAL *
MATRICE_SKIP_MULTIPLIER)

proc_pl = phantom1_images|[1:]
proc_p2 = phantom2_images|[1:]

proc_m = matrice_images[1:]

# [EIE) v v FEoEE %, €% IMAGES PER SET PER DRONE (2) ic¥-o< &

num_sets = min(len(proc_pl), len(proc_p2), len(proc_m)) //
IMAGES _PER SET PER DRONE

if num_sets == 0:
print(f'¥n MLEEXR & 2 2Rty P23 H DV TRA, e — v OEED
{IMAGES_PER_SET_PER _DRONEMXLL |& 2 2R L T 2 & v, )
return
print(f'¥n &4 51 {num_sets} &> P DM EZEITL I, ")
print(f"& & v FEMAE: {IMAGES_PER_SET_PER_DRONE * 3}#& (% Fm—v
{IMAGES_PER_SET_PER_DRONE}#)")

# --- 2. Metashape 7’12 = 7 b O#EfE ---
print("¥n--- 27 v 7 2: Metashape 70 ¥ = 7 + O#E(E ---")
doc = Metashape.Document()
try:

doc.open(project_path)

print(f"7’m < = 7 b {project_path}' ZBI&E ¥ L7z, ")
except RuntimeError as e:

print(f'= 7 —: vy =7 b T EIRHATLZ: {e}")

return

chunk_original = None
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for ch in doc.chunks:
if ch.label == BASE_ CHUNK_ NAME:
chunk_original = ch
break

if not chunk_original:
print(f'"t 7 —: #HH#EL 72 5 F v v 7 '{BASE_CHUNK_NAME}' 2H 250 £+
ATl ")
return

print(f'#£# 5 x v 7 & L T '{chunk_original.label}' ZfEFHL £3, ")

#---25. WO T 417+ ) O ---
print("¥n--- X7 v 725 BT 4 v 2+ ) O#EfE ---")
try:
# RRET A VXA
os.makedirs(OUTPUT_POINTCLOUD_DIRECTORY, exist_ok=True)
print(f" - AT 4 v 27 b ) ZHER - ERLE LA, ")
print(f" - R {OUTPUT_POINTCLOUD DIRECTORY}")
except Exception as e:
print(f" - =7 —: A7 4L 7 b Y OESICRIRL £ L7=: {e}")

return

#---3. AA v =7 (v b T L OUHR) ---
for i in range(num_sets):
set_ number =1+ 1
print(f"¥n{'="*50}")
print(f'--- & v b {set_number}/{num_sets} DOULILZ[H4E ---")
print(f'{'="*50}")

# [EIF)] 4 v 5 v 7 238 i1c IMAGES PER SET _PER DRONE 7% {#if
start_index = i * IMAGES_PER_SET PER DRONE
end_index = start_index + IMAGES PER SET PER DRONE

current_p1 = proc_p1[start_index:end_index]
current_p2 = proc_p2[start_index:end_index]

current_m = proc_m/[start_index:end_index]
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# [EE] BT = v 7 dEBL iR
if not (len(current_p1) == IMAGES_PER_SET_PER_DRONE and
len(current_p2) == IMAGES_PER_SET_PER_DRONE and
len(current m) == IMAGES_PER SET PER DRONE):
print(f'[£ v + {set_number}] HEKE LA RL CE-0AFy 7L ET,

continue

current_set_photos = current_p1l + current_p2 + current_m

#---Q2 Fx v R ---

print(f'¥n[ » b {set_number}] Z7 v 7@: Fx v 7 2EHL T T F..")
new_chunk = chunk_original.copy()

new_chunk.label = f"Set_{set_number:02d}_Alignment"

print(f" - FrLWwF v v 7 Z{EK L £ L 7z: '{new_chunk.label}"")

#--- ) HfEM ---
print(f'¥n[ » b {set_number}] 27 v 7@: HEZEML TW»EI...")
new_chunk.addPhotos(current_set_photos)
print(f" - {len(current_set_photos)} KO MR %EML £ L 7=, & Eh:
{len(new_chunk.cameras) }#2)")

#---@ TIARAVE ---
print(f'¥n[+ v b {set_number}] X7 v 7@: EET 74 XAV FE2EFTLTE
T
try:
new_chunk.matchPhotos(downscale=ALIGNMENT _DOWNSCALE,
generic_preselection=True, # JTiE True
reference_preselection=False, # Jt|% False
reset_matches=True,
filter_stationary_points=False)
new_chunk.alignCameras()
doc.save()
print(" - TIARAVEIRTETL, 7av =zl bERELE L, ")

except RuntimeError as e:
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print(f' - =5 —: 774 A MICKRIELE L7 {e}")

continue

#--- @-2 IO QBT ---
print(f'¥n[+ v b {set_number}] R 7 v 7 (@-2: LHFE%* X 4 K4 v F 26 F
B ORI - AL CvuE T
try:
if new_chunk.tie_points and len(new_chunk.tie_points.points) > 0:

points = new_chunk.tie_points.points

min_coord = Metashape.Vector([float('inf'), float('inf'"), float('inf')])
max_coord = Metashape.Vector([float('-inf'), float('-inf"), float('-inf")])

for point in points:
if not point.valid:

continue
coord = point.coord

min_coord.x = min(min_coord.x, coord.x)
min_coord.y = min(min_coord.y, coord.y)
min_coord.z = min(min_coord.z, coord.z)
max_coord.x = max(max_coord.x, coord.x)
max_coord.y = max(max_coord.y, coord.y)

max_coord.z = max(max_coord.z, coord.z)

if min_coord.x != float('inf"):
center = (max_coord + min_coord) / 2

size = max_coord - min_coord

new_chunk.region.center = center
new_chunk.region.size = size

new_chunk.region.rot = Metashape.Matrix.Diag([1, 1, 1])

doc.save()

print(" - FEHMMOFASTET L, TrY 2 PEEFELE L, "
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else:

print(" - B B XA KAV EBRODL RD o 2720, FEE
DFEEEAX Yy T LET, ")
else:
print(" - B Fry v KX A FA VFBPEIEL R W0, GEI O
EAFyTLET, ")
except Exception as e:
print(f' - =7 —: fEMOFARPICTFIHeAZ T —DREL T L7 {e}")
pass

#--- & MEHER (% IMAGES_PER_SET_PER_DRONE [a])v—7) ---

print(f"¥n[& v b {set_number}] X7 v 7®: K & D HFEZERK L T E
3"

# [EIE] 5 BIEETIEZ& <, BINL K8 (SR 2E) v—7F5
for j in range(IMAGES_PER_SET_PER_DRONE):
group_number =j + 1
print(f"¥n -

- [ v b {set_ number}] B B 7 L — 7
{group_number}/{IMAGES_PER SET PER_DRONE} oLHl ---")

time_group_photos = [os.path.normpath(p) for p in [current_pl[j],
current_p2[j], current_m/[j]]]

dc_chunk = new_chunk.copy()
dc_chunk.label = f"Set_{set_number:02d}_Group_{group_number:02d}"
print(f" - W F v v 7 Z{ERK: '{dc_chunk.]label}"™)

enabled_cameras_count = 0

#2027 Q) ohzHRML

for camera in dc_chunk.cameras:

normalized_camera_path = os.path.normpath(camera.photo.path)

if normalized_camera_path in time_group_photos:
camera.enabled = True

enabled _cameras_count += 1
else:
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camera.enabled = False
print(f" - {enabled _cameras_count} EDOH A T EHMEL LT L=, ")

if enabled _cameras_count == 0:
print(f" - EBE BRI ATBROP LoD, TA—T
{group_number} DIHE XX v 7L EF, ")
doc.remove(dc_chunk)

continue

try:
# R~y TR
print(" - HE~ Y TEERLTHET.L)
dc_chunk.buildDepthMaps(downscale=DEPTH_MAPS_DOWNSCALE,
filter_mode=Metashape.AggressiveFiltering)
print(" - EE~y TOEEMBTET LE Lz, ")

# Rl fFRX

if version_tuple[0] >= 2:
print(" - Metashape 2.0+ API #ffifH L TR ERL £3...")
dc_chunk.buildPointCloud(source_data=Metashape.DepthMapsData

else:
print(" - Metashape 1.x APT ZfifHl L TH# amfFzEX L £

dc_chunk.buildDenseCloud(source_data=Metashape.DepthMapsDat

print(f" - 7' Vv—7 {group_number} DO HFHERBTETLE L7, ")

doc.save()

print(f" - 7ay e bERELELE, ")

#-- TTANBER Y Y T -
phantom1_image_for_group = current_p1[j]

base_filename = os.path.basename(phantom1_image_for_group)
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match = re.search(r'(¥d{8}-¥d{6}-¥d{3})', base filename)

if match:
timestamp_part = match.group(1)
else:
print(f" - %45 Phantoml @ 7 7 4 A4 '{base_filename}' 7»
LEAALARZY TR TEERATLEZ, Frv 7 7 A EFEHLES, ")

timestamp_part = dc_chunk.label

#---© HBETFT—20x s ZKE—1 (PLY JER) ---

print(f" - 27 v 7O): HEEE PLY BFCcz /7 RAF—-—FLTWnE

try:
output_filename = f"{timestamp_part}.ply"
output_path =

os.path.join(OUTPUT_POINTCLOUD_DIRECTORY, output_filename)

if version_tuple[0] >= 2 and dc_chunk.point_cloud:
dc_chunk.exportPointCloud (path=output_path,
format=Metashape.PointCloudFormat.PointCloudFormatPLY, crs=dc_chunk.crs)
print(f" - T 7 AK— b {output_path}™)
elif dc_chunk.dense_cloud:
dc_chunk.exportPoints(path=output_path,

source_data=Metashape.DenseCloudData, format=Metashape.PointsFormatPLY,

crs=dc_chunk.crs)

print(f" - T 7 AK— b {output_path}™)
else:
print(" S EE I RAR- PHROBEBET - 2 B8RO0

FTHA, ")

except Exception as e:

print(f" - I —: HEEOIT 7 AK— MITERKLE L {e}")

doc.remove(dc_chunk)

except Exception as e:
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doc.remove(dc_chunk)

if "Zero resolution" in str(e):

print(f" - B 'Zero resolution' =T — Do, S —F
{group_number} DU %Z 2 ¥ v T LT, ")
else:
print(f" - L7 —: 7 V—7 {group_number} DI L
F L7 {el")
continue
doc.save()

print(f"¥n{'="*50}")
print("FRCOMHERTET LE L7, ")
print(f"{'="*50}")

if name ==" main_ "
main()
A—F2

5.3 CiTo 7. MO R 7 wrft% B 7 o7z python 2 — F % FREICR T,
o — FYERRIC X, Google Gemini % iGH L 7z,

-*- coding: utf-8 -*-

# AR X 2 BT 1T

import open3d as 03d
import numpy as np
import cv2

import 0s

import glob

# e SGBBE ---
# AT - oL R T A2
BASE_FOLDER = r"D:¥lkemotoKazuma¥output¥20260112-4"
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PLY_FOLDER_PATH = os.path.join(BASE_FOLDER, "Pointcloud")

# W D FE

VIDEO_FPS = 30

IMAGE_WIDTH = 1920

IMAGE_HEIGHT = 1080

# N7 7 AN REHE GEERE XA 5 720)
VIDEO_SUFFIX = "side_height_colored"
OUTPUT_VIDEO_NAME = f"voxel_video_{VIDEO_SUFFIX}.mp4"

# K7 RNLHKE
VOXEL_SIZE = 1.0 #1m f4
Z THRESHOLD =20.0  # =FEME (35m LLE)

def calculate_global_z_range(ply_files, z_filter):

BT TANEEREL T, 74102 ) v I7%OEHEO Z BEE (FX) OofvME L R KE%
FrET 5%

print("¥n--- 2RO 5 X HPHEFHE AP ---")

global_min_z = float('inf")

global_max_z = float('-inf")

points_found = False

for i, ply_path in enumerate(ply_files):
print(f'¥r A ¥ v v r: {i+1}/{len(ply_files)}", end="")
pcd = o3d.io.read_point_cloud(ply_path)

if not pcd.has_points(): continue

points = np.asarray(pcd.points)
# EE R D 2 il
mask = points[:, 2] >= z_filter

filtered_points = points[mask]

if len(filtered_points) > 0:

points_found = True

45



# BED 7 7 A VDR - 5K Z IR % BlfS
current_min_z = np.min(filtered_points|[:, 2])

current_max_z = np.max(filtered_points|:, 2])

# RO RN - K% T
if current_min_z < global_min_z: global_min_z = current_min_z

if current_max_z > global_max_z: global_max_z = current_max_z

if not points_found:
print("¥n Edi: FEEINEERELZEA 2 SR ROP ) EHATLE T 7 4
VIR AALES, ")
return 0.0, 1.0# = 7 4+ MA

print(f"¥n & X #iPH % 7€ : {global_min_z:.2f}m - {global_max_z:.2f}m")

return global_min_z, global_max_z

def create_voxel_mesh(ply_path, voxel_size, z_filter, min_z, max_z):

mnnn

TBEINTZT FANDPOLEE T ANZ) VY IIERDRIZ N RAy a2 EKT 5,
CiER 7 eroEmE (ZHBEE) CHESWTREEI NS,

mnnn

pcd = o3d.io.read_point_cloud(ply_path)

if not pcd.has_points(): return None

points = np.asarray(pcd.points)
mask = points[:, 2] >= z_filter

filtered_points = points[mask]

if len(filtered_points) == 0: return None

# RN, VT Y 7 AREHE
voxel_indices = np.floor(filtered_points / voxel_size).astype(int)
# a=— kRN L VT Y 7 ADHRIUS (HEUIAZE /2 DT return_counts=False)

unique_indices = np.unique(voxel_indices, axis=0)

# R e LD 7 R R
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#(AVTFY IR *HAX) CRZELDEMOHOREREEICR Y, FRICH AL X/2 # 8
LCcHLET 3

voxel_centers_z = unique_indices[:, 2] * voxel_size + voxel_size / 2.0

# BT A (@E)ICESCTERRE
if max_z > min_z:
# B/MED O RAREDHIPHT 0.0~1.0 ICIERL
normalized_z = (voxel centers_z - min_z) / (max_z - min_z)
else:

normalized_z = np.zeros_like(voxel_centers_z, dtype=float)

#2D - 0-1 OFiFHIC 7 ) v T

normalized_z = np.clip(normalized_z, 0.0, 1.0)

# ho—~<v THREH
colors_bgr = cv2.applyColorMap((normalized_z *  255).astype(np.uint8),
cv2.COLORMAP_JET)
colors_rgb = colors_bgr.reshape(-1, 3)[:, ::-1] / 255.0

combined_mesh = 03d.geometry.TriangleMesh()
for coord, color in zip(unique_indices, colors_rgb):
cube = o03d.geometry.TriangleMesh.create_box(width=voxel_size,
height=voxel_size, depth=voxel_size)
cube.translate(coord * voxel_size)
cube.paint_uniform_color(color)

combined_mesh += cube

combined_mesh.compute_vertex_normals()

return combined_mesh

def draw _ui(frame, time_val, filename, min_val, max_val):

nn

7L —2A4 Fic UTEH (B, 77404, 7T —"—) ZifiE$ 23
ﬁ?_/q_ﬂi%é%%ﬂ——\‘j—éo

nn

font = cv2.FONT_HERSHEY_SIMPLEX
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alpha = 0.5

overlay = frame.copy()

#1. W (2 1)

time_text = f"Time: {time_val:.2f}s"

cv2.rectangle(overlay, (10, 10), (250, 60), (0, 0, 0), -1)

cv2.addWeighted(overlay, alpha, frame, 1-alpha, 0, frame)

cv2.putText(frame, time_text, (25, 45), font, 1.0, (255, 255, 255), 2, cv2.LINE_AA)

#2. 77 4A0% (L)

fn_text = filename

(tw, th), _ = cv2.getTextSize(fn_text, font, 0.8, 2)

cv2.rectangle(frame, (IMAGE_WIDTH - tw - 40, 10), IMAGE_WIDTH - 10, 60), (0, 0,
0),-1)

cv2.putText(frame, fn_text, IMAGE_WIDTH - tw - 30, 45), font, 0.8, (255, 255, 255),
2, cv2.LINE_AA)

#3. h 7 —"— (HHl) - EIFRRICLH
bar w, bar_h = 30, 300
bx, by = IMAGE_WIDTH - 120, 150

El-S=K
# H=

cv2.rectangle(frame, (bx - 10, by - 40), IMAGE_WIDTH - 10, by + bar_h + 40), (0, 0,
0),-1)

# 77T —vav

gradient = np.linspace(255, 0, bar_h).astype(np.uint8).reshape(-1, 1)

bar_img = cv2.applyColorMap(gradient, cv2.COLORMAP_JET)

frame[by : by + bar_h, bx : bx + bar_w] = bar_img

# 7~L% "Height(m)" IC4°H
cv2.putText(frame, "Height(m)", (bx - 15, by - 20), font, 0.6, (255, 255, 255), 1)
labels = 5
for i in range(labels):
# fHZEHE
val = max_val - (i * (max_val - min_val) / (labels - 1))
py = by + int(i * bar_h / (labels - 1))
# NBURE 100 F TFRR
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cv2.putText(frame, f"{val:.1f}", (bx + bar_w + 5, py + 5), font, 0.5, (255, 255, 255),
1)

def main():
ply_files = sorted(glob.glob(os.path.join(PLY_FOLDER_PATH, "*.ply")))
if not ply_files:
print("PLY 7 7 A A B3RO0 FHA, ")

return

#1. &RRF v v (&S O ZFHH)
# &H: BEORDDICZBEOHIPHZ EHHE T 2 B E MO T
min_z, max_z = calculate_global_z_range(ply_files, Z_ THRESHOLD)

#2. A TEPOWE WHIDO7 74 V%)

print("¥n--- A A FHEEEHEL TL AT ---")

# 220 5% X OHIPHICZ

sample_mesh = create_voxel_mesh(ply_files[0], VOXEL_SIZE, Z_THRESHOLD, min_z,

max_z)

camera_params = []

def store_params(vis):
ctr = vis.get_view_control()
camera_params.append(ctr.convert_to_pinhole_camera_parameters())
vis.destroy_window()

return True

vis_setup = o3d.visualization.VisualizerWithKeyCallback()
vis_setup.create_window("Set Camera Angle and Press 'Q", width=IMAGE_WIDTH,
height=IMAGE_HEIGHT)
if sample_mesh:
vis_setup.add_geometry(sample_mesh)

else:

print("BAID 7 L — LICKRTET =285 Y A, ")

vis_setup.register_key_callback(ord("Q"), store_params)

vis_setup.run 0
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if not camera_params: return

params = camera_params|[0]

#3. B DA pK
output_path = os.path.join(BASE_FOLDER, OUTPUT_VIDEO_NAME)

fourcc = cv2.VideoWriter_fourcc(*'mp4v')

writer

= cv2.VideoWriter(output_path, fourcc, VIDEO_FPS, (IMAGE_WIDTH,

IMAGE_HEIGHT))

vis = 03d.visualization.Visualizer()

vis.create_window(width=IMAGE_WIDTH, height=IMAGE_HEIGHT, visible=False)

print(f"¥n--- )L K % B4 L £ 3. {OUTPUT_VIDEO_NAME} ---")

try:

max_z)

for i, ply_path in enumerate(ply_files):

print(f¥r 7 L — 2B {i+1}/{len(ply_files)}", end="")

# W 1B S X OFiIPHICE
mesh = create_voxel_mesh(ply_path, VOXEL_SIZE, Z_THRESHOLD, min_z,

if mesh is None: continue

vis.add_geometry(mesh)
ctr = vis.get_view_control()

ctr.convert_from_pinhole_camera_parameters(params, allow_arbitrary=True)

vis.poll_events()

vis.update_renderer()

# ¥x7F v

img_f = vis.capture_screen_float_buffer(do_render=True)
frame = (np.asarray(img_f) * 255).astype(np.uint8)
frame_bgr = cv2.cvtColor(frame, cv2.COLOR_RGB2BGR)
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# UI il
# Z5HE: glBICE X OHIPH 2T
draw_ui(frame_bgr, i / VIDEO_FPS, os.path.basename(ply_path), min_z,

max_z)

writer.write(frame_bgr)

vis.clear_geometries()

finally:
vis.destroy_window()
writer.release()

print(f'¥n & TXCTOMHAET L ¥ L 72: {output_path}")

" : ",

if name ==" main__

main()
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