ha D

FE2[0 AY—MIA>DLDAR YT 3 RTEFTILDOLD

3 RTETILDA : scaniverse 7T TEBEHVERK

F1EETA M SANIZEDE 3RTETIVERICDOVWTTIBNZLE LU, 82
Bl ILIDAR T2 BZED fz 3RTETIVERM EREFS — Y DEHRILIC DN TN Z L
S

RET—H LT



mEfT—45 D : CloudCompare TEEHERK

=B (CASA) TR (RA> ) OEFDDT—FTHDH., BXREEFE (X,Y,2)
+81BH) (R,G,B) + aTEBHMSNICEBREEBERDHD 3 RTDOZEMIBHRT—5TI.
N1 > b5 R(point cloud) EEBFEENTULET,

BFOEGRST —F T IIEEERUFREETH D, FHl Ry hMeEBECEDDI L
TELSHRERZBRLUTVWET, ROBEFEIBNEESHEEDT -5 D FIMN,
ROBE(CHHI U TT —F A XK EIRDFT,



=T —5 DIERL

MBI —H(3. 3RTL—IRAFvF. UAV DA S(Unmanned aerial vehicle), it
FREBL—HYIFvF. AX—IA BB HOASETIHHAIUTERENET.
L—Y5tEl

mBFT — S DIERRIZE. MAEREZ L - ORNZRAVTEEDRD 3 RTEFEEsHR U
RENFET. CTTRECITONTWS L —UsHlA R EHE(CBTLE T,



fnzEL —AISDMLHEH © Web 1 BKD

https://www.gsi.go.jp/kankyochiri/Laser_senmon.html

o izl —HBIE (ALB : Airborne Laser Bathymetry)

> L—YRXFvFzEH UMER DAY IT 5 -1 550

> BHOL—YT, ELEKE CalIBoKR) ZstllT AR
e fnzEL—HAIE (LP: Laser Profiler)

> L—YRXFvFzEH UMER DAY IT 515508

> BErzEFAITSAR

> RN SIRIL K EfENTVD AN
o RHEEHAIEM (MMS : Mobile Mapping System)

> L—OXXFr iz UicEmhEREE DN S5

> ERERMUEBIROINENTIEE
o it FRIF(IEEE

> BEBULRWTEHAIT2AR T, 3 RTL—FRXF v EOFHAIBZER LU TEHA
® iPhone/iPad

> iPhonel2 BIf#®D Pro/Pro Max. iPad Pro(2020)LAf (C#EE=N/z LIDAR &>
B 5l


https://www.gsi.go.jp/kankyochiri/Laser_senmon.html

> ETAEERZ&RA 5m DR CHIIRI D ZETIR MIIZTND
> BRHEEZELLTCOAXRMEINATND
> INEWEJDEMIRTE ) & 3IRTETIVUET DDIEARER

> FKOHDIEPEL SVNDILTETORIFEICELTULDS

LiDAR E> Y &

LiDAR >t (Light Detection and Ranging(J¢(C &k 21&40 &BIEE)/Laser Imaging
Detection and Ranging(L —HYEi&H SAIEE)) (& RIMESE ZF o> 1R E (depth)tz
ST, LYK U TSRO TLKDFTORMZE E(CL. HERERDIZZE
BIDETEYARD 3 R IERZEISLUET.

3 RTETIAFV >
L —UHEMLATS LDAR E2HT 3 REFIVEFR T BBE. 2 DDAFr > Eh
HOET,

& EIRAFv>
RCAFv>FBHE
AUw
& BHIRETILORIREIEH(ICRT
& AF v RE— RARL
TAUw

< RBEIEAROREND UE LW



0 Xwvw>a3XFv>

=ZARORUTI> Ay 0 (EfAR) TIBHEE

- XUwk

> XFVPOTFTORIF v EEOHMNVEIRE A+ > AJEE

¢ CG Y I MMCIORMR— MU THRERTRE

- TAUY b

> FT=AHAZTHKETN

TRDflF. ZBEORUT> Ay a (HAAK) O 3RTETILERDFET., 2KRED
AN Z#HDE. ZBEOEERTEBR SN TVND T E/MDNDET




AwS5F—5F) . EEFM MeshLab TYERK

XY ST —HRIKRTRR « E2EN MeshLab THERK

AN— I A>D LIDAR T2 HZERA LT 3R TETILEERT DBEEE. B/INAILR
F v % (https://mobilescan.jp/)DR—(C. AN— I A> T T ER
N—hIADTRAF v 2 ITDHEDHRPNHDIDTESE(CTDELNERNET,

3 RFTEFIVD I 71 IV
S3RTETILDI7AIVICEESEIEZRI7AILERINASDET., [H85T—5R] &
(AW a15—5%] ORKXERI7AILIA -V REBNALET


https://mobilescan.jp/

RET—IH

LAS Azx%
0 A—T>F—HATRHINTNBIRET —HECOERTARSIN TS ENZ0
TY, MEL —TFHEDIEET A -V N THEHDET

® ASPRSCKEEERIEZF% : American Society for Photogrammetry and Remote

Sensing) ([C&k> TR ENTZRER

LAS 1.4 Specification Approved by ASPRS Board
(https://www.asprs.org/news/press-releases/press-release-archives/las-

1-4-specification-approved-by-asprs-board.html)

LAZ Rizzh
® LASHEERZEMLZT —FHX

® LASzip - free and lossless LIDAR compression (https://laszip.org)

PLY 20 (Polygon File Format)

® 3 RTRAFVIFIMS 3RTT—HFZIEINT DIcdCiEt N —FER
& FTHFANT—HFZEF/N\AFUFT—FDERNHD

o SEFREAYVII1DT—IEANDD

® PLY - Polygon File Format (http://paulbourke.net/dataformats/ply/)

PCD Rzx (Point Cloud Data)

® PCL (Point Cloud Library) http://pointclouds.org/ TER UL TWSFT—5FHER


http://pointclouds.org/

® PCLI(E3RTDREET—FERD. C++EBICKDA-—T>V—-ADYIRDITT
SA4735Y

® The PCD (Point Cloud Data) file format

https://pointclouds.org/documentation/tutorials/pcd_file_format.html

AV a15—H%

STL #¢x (Standard Triangulated Language)
® 3XRTCADYINHDIFZ7AILIA—RY D1D

o MWIHELTWB I3 RTITIAF—HELN

o 3ALOEELULTCINERE (W—JTXEFIL)

o FTHEANT—HFFLEF)I\AFUT—FDERNHD

® The STL Format - Standard Data Format for Fabbers

(http://www.fabbers.com/tech/STL_Format)

OBJ f:X
® Wavefront Technologies ftiC k> THFE NI 71ILER

o ZIDIRTEFTIUIT. L2FIZTYT MG

o FHRWLWIRTATIZTOUMNIELTLND

® Obj Specification as used by Wavefront

(http://www.martinreddy.net/gfx/3d/OBJ.spec)



FBX R

® AutoDesk Tt U= T 7 1L
® 3DCG(3 Dimensional Computer Graphics)dF> 7O I A —<Xwv b
o E3IRTATZIUNIELTLD

® Adaptable file format for 3 X7t animation software

(https://www.autodesk.com/products/fbx/overview)

R —YDREY—I
MBI —ADERR. B, DA XZEZTIHEEF. E1EITEANZLE
MeshLab(https://www.meshlab.net/)DAh(C CloudCompare

(http://www.danielgm.net/cc/)BHERALTHTLIZELN,

CloudCompare (Fmff>—FUBDA—-T >V —-ADY T ~IT 77T, Windows. Mac.
Linux hRHD¥& 0. #BIEHE (1>F—TTAR) (FHOMDPRTIRWVRT L, R —4%
FRHERR T DDITEFIRY —ILTT,


https://www.autodesk.com/products/fbx/overview
https://www.meshlab.net/
http://www.danielgm.net/cc/

CloudCompare"?
“@HE  CloudCompare
G o eor

o Open Source Project

Home

Want to support/help us?
[:' Donate

3D point cloud and mesh processing software

Follow the projecton | =

Presentation Download Github Tutorials Documentation Forum Declare a bug

Welcome to the official website of the CloudCompare project.

This is a Free project. Just as people and countries should be and remain.

Want to know when a new release comes out? Subscribe to the newsletter|your email address

S =
=R B X 819

OGS e swowe W

RANEN L AP S+ 2
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T Cmompe AL Re e OB & —_ - JR—— ;-’-‘n!
v Ge

| Jom

CloudCompare (view, edit and process)

ccViewer (light viewer only)

CloudCompare : https://www.danielgm.net/cc/



B : L—YRXAF v F2EH U MMS ETEEHHITENE

G ZERMBEHRTE> Y —  BEEDAER (MMS) TEUSU/Z 3 RumeEsT —5 DRREH

https://www.geospatial.jp/ckan/dataset/shizuoka-2019-

pointcloud/resource/c784a23f-9314-43a6-903e-e656578c23da


https://www.geospatial.jp/ckan/dataset/shizuoka-2019-pointcloud/resource/c784a23f-9314-43a6-903e-e656578c23da
https://www.geospatial.jp/ckan/dataset/shizuoka-2019-pointcloud/resource/c784a23f-9314-43a6-903e-e656578c23da

1351
[ MMS(E—-ENTYEL T AT L) Sliﬁj

GNSS, L—H#—2¥ ¥}, AT EDMBERBL . EfTLEHLIRTOMEE
OBR - T—SERMETHENITHNE

GNS S(Global Navigation Sateliite System(s))
(RN MENE RT L)
HEEAWNV-MESRATLOBKT,
RRNL ARSI L YEREENTIE 8

.\'
5

RV ERERRLEER

et




FBEhETAIEEM (MMS : Mobile Mapping System) @4l

https://www.mlit.go.jp/report/press/content/001498067.pdf

E3BE : MMS (CKD=ZRTmE T — Y EDIRMEREZ MR

https://www.mlit.go.jp/report/press/road01_hh_001577.html

BEEHAIEEM (MMS : Mobile Mapping System) (&, &EfaEsHAIEEmEDEIEFEOER
TETURMNS, GPS. &E. L—HYXXFvF. o UEEHFEHE T EGERDERMA
CERREDDERZINELVE T,

GPS W"EIET T, ARE - NREZSHEE (CFHAIT DIEMETAIEE (IMU : Inertial
Measurement Unit) YE#ROEIERE CES) LU THEISNTNDDT, BHREDT —9%Z
INEEFT D ENTIRET T

INEE UToERR Bk, MERRSERELOREBIREIGD., EREEES PN NEREC
BARASNTVET, fIRE. BEREREOUVUENDODIESHENBERORFEZ(EDRRER.
EIEENDOEREER AR X 1, BIRRH - RRERREOEEER (CERHSNTVET,

X1 EE (DDHA) PIETPRLECIDESNDATHLAREDT &


https://www.mlit.go.jp/report/press/road01_hh_001577.html

ANY— BRI A TR UZRET—5Z20#H4{t

AX— I A>T UTesaBE5—4 % Google Colaboratory TaIfR(ELE T,

3 RETINDFT—HER

3 RTTEFTILDFT—4 (& Scaniverse (https://scaniverse.com)Zz{#ERLUE Y.
Scaniverse (. Ingress Y27k Pokémon GO &M AR &' — Az HF L TL\V3 Niantic,
Inc.( https://nianticlabs.com/)®i0S @I 7FUTY

15

o R THIATIEE

® LiDAR tz>B7%Z#E# L JZ iPhone/iPad M+t
iPhone12Pro/13Pro/14pro ='J—X. iPad Pro(2020 3 L)

& XFv>E—R: LDARRAFv>/TANISAKY

® 3 XTEFILIOUAR—b: FBX,0BJ,GLB,USDA, STL, PLY, LAS

LIDAR 2> 57 3FE8D iPhone/iPad TH. i0S 14.0 LA, HKU A12 Bionic FvJ
B =B UIeT /)1 = H7/R— b9 3. Scaniverse 2.0 ' 2022/9/15 ([CRER=NFEL
7=, Scaniverse 2.0 (IMMBMRFED ManyDepth EW\S#T&EED T 3 RTETILEZLER
IDZENARRIZEDTY,

® Scaniverse 2.0 adds support for non-LiDAR
devices(https://blog.scaniverse.com/scaniverse-2-0-adds-support-for-

non-lidar-devices-e5b22b6b3300)


https://scaniverse.com/
https://nianticlabs.com/
https://blog.scaniverse.com/scaniverse-2-0-adds-support-for-non-lidar-devices-e5b22b6b3300
https://blog.scaniverse.com/scaniverse-2-0-adds-support-for-non-lidar-devices-e5b22b6b3300

Android 1—H®7 (&, WIDAR(https://widar.io/)&{E>TIA MISA KNJT 3Rt
EFILEERLUTLZESV, TESEERITHAETIETY

Scaniverse DERAAEDOFHFCES(CESE(CLTLIZEU,

% Scaniverse Z{#D> CAN/NCT 3RTAFv>Z2LLKLD !
(https://note.com/iwamah1/n/nc8a5427157ef)

mE5>—4 (PLY J74)J)L) %& Open3D & Matplotlib TRHIE

Google Colaboratory THE T —4(PLY 77 1)) ET#ELTHEL L D,

BRTETINT—HF AN—hITA2T7TUNS, PLY(REET—4)E OB (Av>a5
—INT7AIETIIR— KL TLIZEN,

Open3D &A1 > A M=)l
Open3D(http://www.open3d.org/) %z > A h—=JLUZET, Open3D (FA-T>Y—
AD 3 RTT—%4 Python SIS UTT

Open3 R > A M=)LEgICy S 3> ZBEe L T 0
Ipip install open3d

Google RSATHEID>MLET
Google RSATJ%EZTY I NUTPLY D7)y IO—RUET

from google.colab import drive

drive.mount('/content/drive’)

Open3D & Numpy &4 >iIR—bMUEXT
Open3D & Numpy ZHBTEBRS(CAR—MUET



import open3d as o3d

import numpy as np

REI 7 (PLY) ZHRIHAHET
cloud =
o3d.io.read_point_cloud("/content/drive/MyDrive/dataset/image_in/iruka.ply")

if cloud.is_empty(): exit()

Matplotlib &1 >iR— b
import matplotlib.pyplot as plt

from mpl_toolkits import mplot3d

S—#~% np.array BRICEBRULET

# Numpy @ np.array BERCEBRUET
points = np.asarray(cloud.points)

# B —HZEESULEY

colors = np.asarray(cloud.colors)

Matplotlib DFRFY A X&IBELVET

import matplotlib.pyplot as plt

from matplotlib.pyplot import figure

plt.rcParams["figure.figsize"] = [10,10] # BEDRESEEA > FTIBET S

matplotlib ZE> TREERRUET

ax = plt.axes(projection='3d') # axes3 RT&VER

ax.view_init(0, 0) # @WOMALENZE (57> TI>RL) EHUTEE
ax.axis("off") # ®#TxR%&E OFF



ax.scatter(points[:,0], points[:,1], points[:,2], s=1, c=colors) # B*REICT
— I EE
plt.show() # 5—9R=R

HOMALHGNEEEUET
FAA(FS0LN K azimuth) @ %2 0 E& U THRETRID DAE

A (E &£ SH<: elevation angle): KENSZDAED T LEICEWEAE

ax = plt.axes(projection="'3d’)

ax.view_init(elev=90, azim=-45) # @A E A% (SSF7>TIRR<) EHEAL
TEE

ax.axis("off")

ax.scatter(points[:,0], points[:,1], points[:,2], s=1, c=colors)

plt.show()



AvS3157—4 (0Bl I7A)L) & Open3d & Plotly THRHR{E
Aw> 35 —%% Plotly(https://plotly.com/python/)%Z{E> TaIF{LLE T,
Plotly (FA—T>Y—X @ Python IS IJMEISA T SUTA >HF507+« T CEBINT
EMBIREICIRADFE T,

AYS254T (OBI T7AI) OF—F%&HHAH

mesh =
o3d.io.read_triangle_mesh("/content/drive/MyDrive/dataset/image_in/iru
ka.obj")

if mesh.is_empty(): exit()


https://plotly.com/python/

EREE
mesh.compute_vertex_normals() # JEmOEREEETE

mesh.compute_triangle_normals() # =AREOEFEEETE

BRE=ARDT—H % np.array e (C K
triangles = np.asarray(mesh.triangles)

vertices = np.asarray(mesh.vertices)

BEENE
ZAEOERT —FICLo>TRZESED

colors = (0.5, 0.5, 0.5) + np.asarray(mesh.triangle_normals) * 0.5

colors = tuple(map(tuple, colors))

Plotly T&Rx=
Plotly Z- > X b—J)L

Ipip install plotly

Plotly Z -1 > 7/R— b

import plotly.graph_objects as graph_objects

Plotly T&RR. HARBRIEN IR TA AT OT1 T (TN ZENFIRETT

fig = graph_objects.Figure(
data=[

graph_objects.Mesh3d(






MMS D857 —4 (Las 77 JL) %& Leafmap TH#{L
MMS DRgiT— A Ze]H{ibLUE T,

A9 D MMS DmaBir—4(F. G ZRIBIRTE> 45— (https://www.geospatial.jp/)
(L33 [VIRTUAL SHIZUOKA g%fE8 ETILFERE - FEERP mif7—4] =#45o>0
—RUTEALEY,

DT =&, EEEN CC BY 4.0/0DbL DF 1 7VILSAECRADA-T>F—5F LU
TSN TVDT—9T. SAERICENT DT ETHRICERTDIZENTEFT.



MMS SF—ADAI>0O—R

& FRMI-Y-ER NOT1>

gGEEﬂ%?ﬁE:}S— F—seyh [ 88 [ »7AY | PIU

A /1B / #2MEIE / VIRTUAL SHIZUOKA &2EE ... /MMST—4 4AD> 00— RR—2

MMS7>7—4 49>0—RR—>

URL: https://gic-shizuoka.s3-ap-northeast-1.amazonaws.com/2020/Vectortile/MMS00/{z}/{x}/{y}.pbf
BEhhalER (MMS) THUSULIC3RTRBiT —9NF I 00— RR—TTT,

A 0— RBABROBDTY .

1. WEEIRA, fNL. 20— RUEEWRYS21%oUyILET
2. 9920-REIVYIIDIEERELEAY S AOT—FDYI I O0— R REBENET
R
o TP AILDYAZHERI00MBHSECBH DT
o BERRICES TR O— RCREANDBIBAN B DET
9 JLEa— ‘
f
+ =z
MESH_NO 08OF4060
URL go>o-RK
# 1L
\ 4 .
@ 38R

VA "
MMS =4 (35D >0— RR—2
(https://www.geospatial.jp/ckan/dataset/shizuoka-2019-

pointcloud/resource/7b986b95-c5a0-4a14-823c-129de28ee2a8)
(CHD. BEREBDNELE)IL—TBORET—9725I>0—-RUEY,

SEGE)L— BT —4 (%, MESH_NO [080F4060] T3 DT, THOAVIIHEED
F—A=EAAI>O—RUTLIES0,

REFT —HERERTAXTIDOTHYI>O— RIDHEGBEREDRVGTY D>
O—RUTLZEUN,


https://www.geospatial.jp/ckan/dataset/shizuoka-2019-pointcloud/resource/7b986b95-c5a0-4a14-823c-129de28ee2a8
https://www.geospatial.jp/ckan/dataset/shizuoka-2019-pointcloud/resource/7b986b95-c5a0-4a14-823c-129de28ee2a8

AI>2O—-RIDT7AIUE EHELIZT 70JLT 080F4060.7z (1.80 GB)L/xDFET,
J7A)LIEA#ER LT 080F4060.las  (6.23 GB)&/xDFE T,

Leafmap, Open3d &1 > A =)L
Leafmap(https://leafmap.org/)(&. Jupyter ¥RiEX> Google Colaboratory T-1>%
SO« TIRNY ES D EMIBZTRIBZEIT D 2D Python J\w o —=T 9,

A AR=ILEICEYS 3> ZBREE LT IZE,
Ipip install leafmap(lidar] open3d

Google RSATEIDI>MULET
from google.colab import drive

drive.mount('/content/drive’)

Open3d & Numpy &4 >iIR—BUET
import os

import leafmap

import open3d as o3d

import numpy as np

Leafmap THRB85T—4H (las T7AI) BHRHFAHET .
Las 77 A IULIKREIIRT 7 A)LIRD T, FidrAHRFEIEH 1 3 15 < 50D ET

%%time # B5REIEHR

las =


https://leafmap.org/

leafmap.read_lidar("/content/drive/MyDrive/dataset/image_in/080F4060.

las")

RBEEDRA > MZ TR

las.header.point_count
R > BRI 1.9 18(196,844,561)/R1> k& DET

Matplotlib &4 >R— b
import matplotlib.pyplot as plt

from mpl_toolkits import mplot3d

F—4H% 3 RiedlC R
Leafmap D7 —5H5 3 Rl Z/EkLUET

points = np.vstack((las.X, las.Y, las.Z)) # 3 RcREE

colors = np.vstack((las.red, las.green, las.blue)) # RGB &%k

#HMOIEEZEANEX
points = points.transpose()

colors = colors.transpose()



F—45 %[5l
F—AZEMEBIE LT —FZ/NSKUET

# 7—4H% 1/100 ICE5EI<

step = 100

decimated_points = points[::step]

decimated_colors = colors[::step] / 65535.0 #5—#% 0.0-1.0 CTIEHELULZE
-

F—I DY A X &R

len(decimated_points)
TRA > BESIEHY 190 J3(1,968,446)/R1 > MMIhEL<IRDFELE

R —S R

EKBRDORT —IERELUET
decimated_points

BIEHRHER
RGB DEBIEHRZHRLUET

decimated_colors

Matplotlib %5

Maplotlib DFRZEZ UFT



import matplotlib.pyplot as pit
from matplotlib.pyplot import figure
plt.rcParams["figure.figsize"] = [15,15] # BEDREEEEA>FTIBET S

Matplotlib TmRER=

ax = plt.axes(projection='3d ')

ax.view_init(elev=45, azim=0)

ax.axis("off")

ax.scatter(decimated_points[:,0], decimated_points[:,1],
decimated_points[:, 2], s=1, c=decimated_colors)

plt.show()




PyPotree THRIL
PyPotree(https://github.com/centreborelli/pypotree) CrIti{tZ LE T,
PyPotree (FBFH XIS LTz WebGL R—XDA—T >V —RADREFL >HF S5 —ThHD
Potree % Jupyter ¥RiET° Google Colaboratory TEMEI D ENHEERD LS (CLIZED
TY,

PyPotree &1 >~ X b—)L
Ipip install pypotree
PyPotree Z= -1 > /R—
import pypotree
PyPotree T&R

# PotreeViewer ZRWT 3 R ZRR T DITHDRE
cloudpath = pypotree.generate_cloud_for_display(decimated_points)
# generate_cloud_for_display TERUEIR ([CREERT

pypotree.display_cloud_colab(cloudpath)


https://github.com/centreborelli/pypotree

Tools

Scene

Classification filter

About

2F1—K

e RS - lTopen3 k] —&
> http://tecsingularity.com/category/open3 Xt/
Open3d Visualize in Google Colab

» https://colab.research.google.com/drive/1CR_HDv]I2AnjJV3Bf5vwP70K0h

x3RcdMb?usp=sharing


http://tecsingularity.com/category/open3d/

