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Study on Utilization of 3D Model and GIS
for Sabo Dam Inspection

(Abstract)

Toru YAMANO

Since social infrastructure, which was intensively developed during the high economic growth period,
will deteriorate all at once in the future, maintenance and management of facilities will be an issue in the
future. Currently, facility inspection records are based on paperbased forms, and are not premised on
automatic processing by computer. The authors have developed the “Smart Chosa” and realized a database
of facility inspections and a GIS System. The Smart Chosa was able to record the location of the inspection
photo on a two dimensional map, but because it was necessary to approach the deformed part when taking
the inspection photo, it was not possible to grasp the position, direction, and size of the entire facility.
Therefore, we applied 3D GIS to Smart Chosa for sabo dams, created a 3D model from photographs taken
on site, and conducted research to manage inspection results on the 3D model.

This study summarizes the results of research on management of inspection photographs on a 3D GIS
in order to improve the efficiency of management of inspection photographs of sabo facilities. This thesis

consists of 6 chapters, and the main content of each chapter is as follow.

[Chapter 1: Introduction]

In this chapter, the current status and issues of the maintenance and management of social
infrastructure in Japan were summarized. Utilization of 3D models for maintenance and management of
civil engineering facilities, high-precision positioning used for alignment of 3D models, efficient
inspection of concrete structures, and existing research trends on iPhone LiDAR applications were
organized. On that basis, the purpose and points of focus of this research were organized, and the structure

and outline of this paper were described.

[Chapter 2: Comparison of 3D models and examination of application to sabo facilities maintenance
management system]|

In this chapter, three types of models, a BIM/CIM model, a 3D point cloud model, and a 3D surface
model, are compared and examined as 3D models to be applied to the maintenance management system.
The problem setting in this chapter is the selection of a 3D model to be used in this system. The constraint
is that the Sabo dams including the existing dam can be modeled in 3D. At present, there are few BIM/CIM
models for sabo dams, so when applying to existing sabo dams, we believe that a 3D surface model that
can be created by SfTM/MVS technology from photographs taken by UAVs will be useful. The 3D model

in the research was a 3D surface model.



Knowledge about the 3D model that can be applied to the sabo facility maintenance management

system and knowledge for utilizing the 3D model in the 3D GIS were obtained.

[Chapter 3: Performance evaluation of RTK receiver used for Sabo facility investigation support
system]

In this chapter, a survey of high-precision positioning technology necessary for positioning 3D models
of sabo dams and inspection photos on a 3D GIS, and evaluation of positioning performance in sabo dams
and surrounding forests are conducted. The problem setting in this chapter is whether or not location
information can be acquired during surveys of Sabo facilities, and accuracy verification. The constraint
is that real-time high-precision positioning is required using inexpensive and small devices in
environments that are unfavorable for satellite positioning (such as sabo dams and forests).

It was confirmed that the multi-band receiver whose performance was evaluated has a horizontal
variation of 22 mm (2DRMS) even in a poor environment where about 70% of the sky directly below the
sabo dam is covered. It was confirmed that the method can be applied to aligning 3D models of

photographs.

[Chapter 4: Investigation of image synthesis for creation of sabo dams inspection image]|

In this chapter, as a basic examination of 3D model creation, the image synthesis method is organized.
The problem setting in this chapter is normalization and image combination necessary for synthesizing
inspection photographs (2D). The constraint is that the inspection photography equipment is a smartphone
for field survey. In the feature point detection method for image synthesis, we compared two types of
feature amounts, SIFT feature amount and AKAZE feature amount, and confirmed the accuracy by
experiments. In addition, RANSAC was used as an outlier removal method. By combining these methods,

we performed image synthesis using multiple photographs of the concrete surface of the sabo dam.

[Chapter 5: 3D model creation by SfM/MVS and application to 3D GIS]

The problem setting in this chapter is a superimposed display of a 3D Sabo dam model and inspection
photographs. The constraint is that the equipment that can be used to create a 3D model of inspection
photographs is limited to equipment (compact and lightweight) that can be brought by local workers. In
this chapter, we first present an overview of the "smart chosa" system that expands the scope of application
from 2D to 3D in this research. After that, we investigated SIM/MVS processing to create a 3D surface
model. By creating a 3D model of the sabo dam and a 3D model of inspection photos by SEIM/MVS
processing, and importing them into a 3D GIS, we succeeded in superimposing the sabo dam and
inspection photos on a 3D map.

In addition, we examined a method of creating a 3D surface model using the iPhone LiDAR
application that can perform 3D measurement using the LiDAR function installed from iPhone12Pro. We
compared the 3D model created with the iPhone LiDAR app and the 3D model created using MetaShape,

a software that implements SfM/MVS processing, and confirmed the image resolution and positional



accuracy for use as inspection photographs. In order to incorporate the created 3D model into 3D GIS
software, we examined a method for matching the orientation and position, and actually superimposed
the 3D model of the sabo dam and the 3D model of the inspection photograph on the 3D GIS. I have

confirmed that it is possible.

[Chapter 6: Summary]

In this chapter, a summary of the results obtained in Chapters 2 to 5 and future issues were discussed.

The result of this research is a visualization method that makes it easy for people other than field
investigators to understand the situation of the site by importing 3D surface models acquired by various
methods into 3D GIS. 3D surface models include SfM models created from photos taken with a
UAV/smartphone, SfM models created from photos taken with a handheld RTK rover, and 3D models
created with the iPhone LiDAR app.

By using this method, it is possible to grasp the deformation position and deformation direction of the
sabo dam in 3D space, and by superimposing the photographs of each inspection, it is possible to grasp

the change over time.
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5.3.2 T ER—S%M
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5.4.4 3R GIS~DHEHRA

MetaShape TIEK L 7= 3 kot E 7 /L % COLLADA JEIZH JJ L, ArcGIS Pro 2.8.1
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545 SRTETILOELEHFE
3WILE T V% ArcGIS Pro [CH VAL ERICIE, EF VO ELGHEOKENEHE L
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3RIEET AN ESBENEEICSH LTI EAITEHOELE, 3KRITET LD
HLOELTELIXZRWY, 7T AVOEANC L BREESE REESH 256,
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5-14



H5E  SIM/MVS 12X B 3R ETFAAER L 3 RIT GIS ~D i

5. 4.
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JLET IV EER L.

RAONCHERR L7 3 ke E TV L [AEEIC UAV &2 T8 THRHEL 72285, S80%RED 7
yTERERDLOFIEE A RE L., IEICE L7 74 FFHIEHN 10 2T
h, WREKEITSB K TH- 2.

MetaShape T 3 R tE T /LA {ER L, COLLADA X2 /1%, ArcGIS Pro |2 Ht
DIAAT 3RITTET V% ArcGIS Online 127 v 77— KL, Web 77 U+ ET 3Kk
LETANEECE L Z L aMR L7 (K 5-10).
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5-10 BIOHEEE D 3 KILET IV
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55 3RTGISETORBREEEWIHIER 3 XRTETILORE M T

55,1 T RTLMEER
3 GIS EToORBEGE EWHIELR 3 RTET NV OMISH T2 RBE T 572012
X, BS-11ICRT VA7 AEERO Y S, OFKREE 3 KRILET VAERER, ©
3WICE T T HALE N ®A G RE (DIEERZHWD HiE, 2)FERkENE
W aE @ ET 2 HiE), ORMREE I KITET MEASDEHEE, O3 KRTET
LVEREERLETH L. BREFIETIE, OOKEICIEL, SRTEIZLD SIM/MVS
B ZBH L, KR DO EBL DD MetaShape% @ D (B RE 21X RTK 5 K5 2 )
L AT IO K EE AL B BE % @@m% ik, Av—hT7 g HZT Ly kL
M A D THA T& % RTK W% & (viDoc RTK rover) %, @ O HEIZ 1, ArcGIS
D3D T 7 ANDA R — MMEREEL, @DOEREIZIX, ArcGIS © 3 RucF r-imE (&
— U BgRE) AR L7z, BRI, BEMREEIOVWTRT.

MR EE Y R T LA EEER
UAVEE (Z £ 5SfM/MVS
S EE (- L ASIM/MVS | EEEIEEREEFH W CIETEEET 7Y

AR

e B A L RE RS TR UAY
A Re R MR B R

3%5TGIS 3ILCAD

IXTGIS |3RTCAD  (3RTT—LREL 7 b

FL#Y -

5-11 & A7 LB RE M Rk

55,2 ARBREBEEELIRTETIARIGHITOLEN.

ERMEICEDAREEIR, 20270 — 000 EREOLEREZLET 52N TREY
THEmE, AEMICEI L TRET LS. A~v— 7+ 02l 20E, REME (BER
JE, &, HAL) % Exif BT IJPEG 7 7 AV LICRET 22 &N TE D0, &Y
EHATOMEBBREEHRICEET S ZLIEITERN. 20D, fix05EIZEE
SNEEROWEY ETOMEBESLHE 42, aBEUAPEET L2 LEIRNETH D.
ZIT, WUHERO 3 REEe TN EICRRTEEEZMEY T 5 2 N TERIE, KRE
TR THLEMORNEZLIBECTEELEE5 X, 3 REET NV LICABREEZIEY (1T 5
O FEERF L.
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5.5.3 FEOBE
MHEEZ 3WRICET VI DT FHELELT, KO3 S>DOFEEHRF L.

DRMREE GEERE) CEREETAVHGTE BHEE) 2% LD T SIM T LT
3WILETNVEERT D

DMBERE Coifky) CEEETAUMEE EF5HE) &3 %12 SIM fighr L C,
S EELERDO 25O 3R TETVEEKRT .

33 ot GIS ECRIBRGEEOFHAOKE A ERK L, FRLEKEOT 7 XAF v & L
THRMRBEEZMY 5.

ER DI, BMEMSLECORHMARRLIFEELMEAT S0, FERN L OREUR
vF U ITRNETHLZ ERBEIND. 72, DITOWTIE, 3% GIS ETIER L
EHBICGELE T, SMEEZRMPAERTILHENLELRD. Lo T, 2)DFiEL
BEHLE.

B, 2O FIEICIIWHER 3 KLTT LV ERREE 3 RTTTVONMNEEZ S DY
DB RN H Y, ARRFIETIE RTK @R RO KA MEE®RE MWL 2 & T E
GEoE OB E MR 5.

55,4 BEREEDIXRTETILER
BBEHEX, A~— 7+ (AQUOS sensed SH-41A) Z W T L@@ 5,

VBB 2 EIEEE LT LZb0 (204) ZEH L. £72, SHREIEo N
IR E L7 4o~ — D0 — DA% RTK @G ERIA > 27 A CTHIAL L 7.

INHOERLE~——ONE % MW T, MetaShape (2 & 0 SIM f#HT %2 20 L,
5-12 IR T X RAMEEIRILET LV EZME L.

5-12 mMEHE3IRITET IV
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5.5.5 3 R GIS ~Di#&EHA

WELEZAMER3IRCET NV, WhHiER 3 kocEe 7 v kDO FiE (B 5-3 F
Bl EERICE DM EASDE) T, ArcGIS Pro Z#H L T ArcGIS Online (& &k L
. B5-131IC T EBY, MIREROEMHRME~SBREREZM 52 LR TE
ZORRIT, KERFIECLY, BROME - W« R&ES% 3 RoZEMET NV
FTHRTLZENARBE R Z 2R,

oo

5-13 EIRICHEY T - AmE R

55,6 BMRFE (REEED3IRTETIER)

ATEE TR LERMREER 3 KL T MERFIETIE, 7 AVNICEER &I,
RTK & A5 FEHINL > A7 A CRINL L 7242 8 2L D BEFE % MetaShape [Z @t A iATe 2 & C, M
MEE 3 RICETVICEMARMERREZMS Lz, L2 LAMEE TR Lz FIETIHE
VPFEERNLELRY, SREEOMEEPHHEE R VIEXELMEKLLT 2L ER D D L
WO RREN B o T2

ZIT, RMEEREZRICESBEER(LER®REL JPEG 7 7 A4 VICH DAL Z BT
ENE, EESABARBIIRDEEZ, Av— T4 X7 by hEflBEbDETH
M T& 2% RTK 7 % (viDoc RTK rover) #ffi H L TR EHEARE Lz (B 53 F
2 RTK WML EE@E 2 A Wio MEERY). R L7-5H % MetaShape %= 1 \» T SfM
FEMT 24TV, 3IRICET AV EZAER L. ARG E 3 RICET VOFFE R % MetaShape -
THIE L, RTK BAEERAM > AT A% AW CHMCHA LR L, ok,
viDoc RTK rover THIAL L 72D & E T — X IIFBEHKE Th - 7228, EH LB
A NTYVAA FEmzdkD, EmELHEMN L.

RTK @S ks EEMIAL > AT &5 CRIAL L2/ R & D&, AKFETM 15 an AN, @& S 5 3
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PN E WS FER Lo 7o, FHARE R A2 R 5-4, & 5-5, & 5-6 (2~ 9. FHHIGE R O
UL T EAERE R (5 35R) e Lic. Pl A EE R I 2EE 19 o RikicyE L,

B ADEMBPELETRE L, HERBICERERAEZH T T, TORMAEZMD T THE
X#h, TNCEZTL2FMEZ Y#ELLbDOThD., KEERORADOMEIL, XY Z
EI 0.000m ThH L. AKBFIEOHMIE, SBEELICIT> TRV AN RBREE O
B HMEEETS L THD. TO), WALKEREOET, WHHEEOSHREER
BIBWTHATELHETHDIESZD.

& 5-4 MetaShape [ CEHI U 7245 & A0 FEAE (O 1 H. /4 FE AR R)

No X(m) Y (m) Z 5 (m)

1 -168348.1581 29561.4298 60.190
2 -168347.6241 29564.4470 60.213
3 -168351.7994 29565.2229 60.213
4 -168352.3495 29562.1843 60.195

& 5-5 RTK ®RFEMAL Y AT A TRAL U 72 AR E R O BEEE CF 1 E A B R)

No X(m) Y(m) Z 5 (m)

1 -168348.2891 29561.4279 60.202
2 -168347.6459 29564.3751 60.201
3 -168351.7360 29565.2791 60.183
4 -168352.3770 29562.3319 60.184

# 5-6 RTK @ FEE ML > 27 LBPIALRE R & D 7% (MetaShape = TEFHI)

No 7K 75 [ @ BB B (m) F = 2 (m)

1 0.131 0.011
2 0.075 -0.013
3 0.085 -0.030
4 0.150 -0.012

5.5.7 ®EBFZE BRITGIS~DER)
MetaShape CIERK L 7= 3 IR EE T /% ArcGIS Pro ICHR D IAA T, BVIAZIZH - >
T, 3RITETIVOELEEZ KR CTER L7077 22 THEHEB L.
OBl 7 7 A Vi b ELGHHRZIT O BT, FHEAMEERTOBI 77 A a2 L
7. MetaShape 7» S5 I L7 OB 7 7 A MICRRB\EN TV A EZMR LI 25, /W
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BAUTOREN 6 i Thote. HE - REOYEG, /NUELLT 6 HT D /3 fEHEIL 0.1m
BELRIZODEEMHEEINR Y. ZO7D, FHEAEERZHMA L.

WIZ, 3WEETNADOIBIRIZEY GIS FICHRVAENAMENRELRD Z & 2R L
7o BARMMICE, KBLRGUADOBONEENDIET LVERV AL S, B 5-14
DRI, BSFMIZKH 1.9m T TERVIAE N,

K id IS DRy 2 HIBR LI AR ERE 3R TET LV ERVIAALLE L Z A, B 5-
151273 T B, ZLVOBRETHLLOO, MIE/R L THAQIELWALEICEYIAEN
HZ & EWMEE L. RTK SRR > 27 A CTHIN LGSR & o 71E, ACEJ51 28 en
DN, @mEhm2leamBlNE WIS FER L7257, FHAIRE R 2 & 5-7, % 5-8 2T, 7Z
B, UAV & Hl Wiz AR 23 CTHERIE ) L <1 500 TR S5 EIE, K
JimemSmE bz 25em BN E o TE Y, S EOFERIZAEST M ORD 55K
JE & 72 L Cw7ew. LAy L, MetaShape T 3 RILET NV EIEMR L7ZKE sl TR O 5
NOKEZMELTWVWDZEND, ArcGIS IZI VY ATEED FIEICKEDO RN H D &
EZD.

TEREDETR
mm o R v || A=l
B =
ER
Ak (| 157 (| &3 (m)

1689  189] 189

JTR 9 o 75" o
IR sy B 035m -
JER A s iE

M 5-14 AMEERYIAR (LR FE) CRBEFEH)
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EEREROSP A AA TS
DY AR L UuEl ' T
LS &S ¢

WTAERR+ R EE T L«

FEEETTILOHFRT [BhER -EB7 7)) «

5-15 mMMEEHEIY AL (KB FE)
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& 5-7 ArcGIS ETHEHI L 72RE S O FEEE (- i 1H. 44 JE AR R )

No X(m) Y (m) ZE5(m)

1 -168348.0376 29561.3542 60.000
2 -168347.5066 29564.3836 60.026
3 -168351.7081 29565.1409 60.027
4 -168352.2392 29562.0931 60.005

% 5-8 RTK @RI > AT ABPIALFES & D #%E (ArcGIS | TaHHI)

No 7K T 75 @ O BE B (m) Z = & (m)

1 0.262 0.202
2 0.140 0.175
3 0.141 0.156
4 0.276 0.179

5-14 T/RL72E BV, ArcGIS ITHV ATERIZ 3 KLET LV DOBKRIZE VA LA
MG OKB LK) THho THOMENRRELSTNIEVWIBENEAELTNDH &
MB, 3KILET NV ERVADBICEET 22BA GQRLETLVOEL) OEZHIC
MERbLEEZOND. HlZ1E, ArcGIS Pro lCHU VAT Z LN TE 5 3R TLET IV
FEBE LT — 20K TH D Z LW, HifEEMEE L THAET RN 50, R
S DOIBE T I ArcGISPro DAEEETH Y, 753 v 7Ry 7 A THLHT-0, 5% OiRH
LT 5.

MBREHEO 3 WRITET VL, SIM/MVS WEIZ X D BEOFHEMLIER ST T v
ThHoLrI NG, BEOMMEHRKTLEERLTWVWDLZERBEIND. EDTD,
3SWIEET NV TEREZFMLES T2, BolfimnErNdaRttErds.
ZTIT, MBREEEMY T 3 REEF LML, BROME - K& X -
BT LICEEDDEIELEL, BEOERICER L THRHATAHEAICIE, 3 KT
ETAMMERICHWEZSREREEZH WD E Vo loxt o BN nE L 78 5.

5.8 REFZDOHERA&HHE

AR THRELETIEL, DHERZEBLIVOEREEOWVWTR YL, SIM/MVS 12X - T
BEOBEENGIERLE3REET AV THL. AREED 3 KRILETVEERT ST
e LT, EERETHWS L (B5-3 FyE1) & RTK W@ E 5 ik (K 5-
3 FiE2) BN, WIThoFiED RTK B AL EE 725, O, RTK HJIAL
INHBERGTTHDHZ L, DFED GNSSHEDEFZHIE L, KER» O MIER &%
ZECELIEPREFHEOBEHARME LS.
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Bk, REFETETAREEIADPRET LI L2HMEL, ANKRE TE2HA%
AR E LTWD 2, UAVICK s TIRESNTZARETEN AR L 3 REET IV
LA WRETH L. TOD, MEYOKERGZT TRABERE IOV T S, K
T THRE LG ERBROMBIES KO v 7E£ 2 A L, RTK WAL & [FH %o AL
EERE MG TENIE, KEBD ERAKEORE THABRER 3 RoET LV EERTHRT
HY, 3WILGISITWMY AT Z LIXRETH 5.
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5.6 LIDAR7FVIZ&KE3RTETILER
5.6.1 LIiDAR77YVERAOER

TFEOKBEEMC LV HEEOL I ICREAM T EWKEREAEL TN D. LK E
RIS 5 720 O BIEARE R T, WY MR E I LY RYICD T o Thi sk O PERE
L TWS ZERROOND. F7o, SERFRENICETICEM S oS
BEARITZ—FICEMENERZD, SHBITEROMGTERIRETH D .

F# 5% N1CT (Information and Communication Technology) i 1lf & /i il L 7= R & 2h =&
XY —n (LT, A~v— Mt EMESR) ] ZHEL, RAMROT —% X—21{k &
GIS (Geographic Information System) fbZ FEH L7z, ok, KX T LDHKAKE
H 2@ E B2 35\ T, TEC-FORCE (B A K EFEXIKIRERK) OB M4 > —
(SMART SABO™) L LTHH I TWS.

EEOIT, LA~ — Mll&EIS, DEREZ SR L LT3 RITETVEHEM L,
AR EEICESSINTEEROAME - Hinl - REIAZBMICITS Z L RLHERTL720
DFEERE L. AKAFIETIE, UAVIRE G EN L AR L2 HESE 3 kocET V&,
B CRBA PR LI AMERE 3 RCET V&, 3R GIS ETEAADE TER
LTWa.

ZOMEBEFETIE, AMREELZ 3RLET VLT DI, SIM/MVS (Structure from
Motion / Multi-view Stereo) % FV 7=. SIM/MVS 1%, %54 % B7p 5 J7 10 0> & 8 E K iR
WL 3Rk EZECTAIHINTHS. WHTIEEOKKICH K20, SHREHE
Z3WILETMMET HDICITBFRALET 5. ZCx LT, 2020 5%, Apple ft
7% LiDAR (Light Detection And Ranging) & ¥ %### L7 % 7L v b (iPad Pro) % %
2L, R 10 AlZiZA~— K7 4> (iPhone 12Pro) ZHEL7-. ThbDX 7T Ly
FeZAx—=FT7 2SN LIDAR ZH VT3 REET V2 EKT 5502 v
LT, BB TAR Yy =0 71%, OB T3 REETVELERT LI ENAETD
5.

AKRTIETZNOEDET Ly h+ A< — M7 4O LIDAREEHWT3RILET
NEERT DT 7Y (LLF, LIDART 7Y ERES) [ZX o TAERSND 3RILET L
& SIM/MVS WLBRIZ Ko CTAER SN D 3RILET A EZKT H & & 61T, FHIEE 3 K
JLET NSO LIDARY 7V IC Ko THEKREIN D AMEEIRILET VD 1T FiEE
mETD.

i

5.6.2 LIDAR77UMDMAEM
LiDAR 7 7" U O FI ] B #J1%, SIM/MVS FEIZ K 2 MG H 3 ot E 7 AR O R
Thd. £, Wil ORFHE L TLUFICHEINIBEW THDL. DD, Bl
HICFR ST 2MERGB I TCELRE T/ - RETHLZERROONLDZ D, A
Y= F7FTT MG TEL I L2 EAKT S, SIM/MVS FIEIC KD G HE 3 &K
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TETIVEMERT HEA121E, PC 2o T SIM/MVS L2 RITT 2L ENH Y, &
R LA O PR AL TH L7280, SBT3 RILET VAR T 52 & 138
ERTIEHRW. £, RBREE 3 RTETNVEERT H72DI2IE, TEDT v 7T
BEEERETILERHY, BHICLo THBEBRO~ v F U Z7ICRKMLT 3 KRILET
NEERTERVWAREERD 5.

—J%, LIDART7T 7V IEBE TCA~Y— 74+ 020 L TaMmEFREZAF vy L, X
~— 7 ETCHESBAES L2 L TARERE 3 RCETVEEKRL, Av— L7
4+ ECTHRTHIENTES. 20, FIHENEE L&A - BIRTET AR
ERENARVHAIIHEETT AERT 2 Z L NAHEL 2 5.

UEXy, SHMEE 3 RTETFT/VIRAEREDO SIM/MVS FikE2RET 5 FiEE LT
LiDAR 7 7V ZFH$ 2 FIEZHOVWTHAEL, ZOAMMHEIC OV THRAEEL 7.

5.6.3 LIDARF7FYIZTDWLT

AWFFE ¢ A L7z LIDAR 7 7 U i%, Scaniversev1.9.3 (LLF, Scaniverse & FES) T
HDH., FEANANAX Y UHENAR L TWD iPhone 3D AFx ¥ 7 7 U F Lo 792k
W, R AX % 7 7 U O TE—%& LIDAR 2% v » OPEREN @ W & GF M S v T
L2&8Mmb, KT TV M L. EBICHEMN LA~ — 7+ %, iPhonel2 Pro T
H5D.

Scaniverse  #LEI L, A X ¥ VAR X 2T L, AX v U ERBT S, BEIZIX
AATNLDOBMENERRII, AF vy TETCOVRVWEITNIEIRS K RSN, AF v
T EEN R RERD.

VERGHOAX XY U3 &by, AIAERAX Yy v RE v 2HEMT L, 2% v
MFETTH., AF v B TRATIE, W@ AR RIN TV DIREZE R, &
HE— REZERL, TETAMERLALETTLE, 77A2AF ¥ FEO3 KL —7 =
AETIVRERIND.

ERLIEET VD, RBET 228 0RAR T 7ANVT £ —~ vy b ~T 7 AR —
FRREL 72 D

AWFFETIX, OB 7 7 A VIEXEB L COLLADAT 7 7 A VFERTH ) LT — %
ZHWT, 3t GISIZBET 5 FIEEZ KT L 2.
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5.6.4 L RT LIEEERK

3IEGIS ETO LIDARY 7V IC K 5 A MEE3IRTET L EWHHEE 3 RE
FODMIGH T ERBET D70I1C1E, B5-16 1C/R-T ¥ AT LMMEEBRO 5> 5, QK
MEE 3 WoLET VAERER, @3 WocET MK 500 E N WA 5 EE, @AM
BHE3IWRLET NV MESDOEERE, @3 RCETARTEEILETHD. RETF
ETx, OoiEilc i, #Eam ks MWz 3 kKool 7Y (LIDAR 7 7Y
Scaniverse) %, @ OMEEIZIX RTK SEERNN > AT A0 EEERMIKEEZ, @D
PEHEICIE, ArcGIS ® 3D 7 7 A VDA KR — MMEREEZ, @DOHEEIZIX, ArcGIS @ 3
WL FORKERE (v — U HRE) 28 L7-. WIS, BRI AR EEIZ SOV TRT.

WS E T S R T LR APIEAL
UAVEE (S & 5 SM/MVS
SREECLBSIM/MYS  BEIEEAVSRTERRT 7Y

e A TR

AR RE R S UAY
BRI R AR R

BRFTGIS  3HXITCAD

I&TGIS 3/FTCAD  IRET—4EEVIE

gl

REG

® 5-16 >~ 27 A BERERK
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5.6.5 BEFZEORN

UAV REFEEIC L D ER S NI W 3 RoeET L &, ARRE Lo a8
WEBREEEZMAAEDLESL LT, RN ARGEERZ ERT 5 FIEIIONT,
TEkFELRETFEORKE 7 —%, B 5-17 12777 .

WHRTFEEREFEOVTLL, DHERORSEKEE LN 2BEMEREED 2
FEO3IWRLETLVEH WS, THZENO 3 KRILET VE 3 RILHEK (3 Kot GIS) I
BATHZLT, WHIER ECARTEELZIEVNIT TR RTLZENTREERD, A
BEHEIZG > TWHEIRDONE « T« RE I ZWPER LS L THRTE 5.

WYL 3 WoLE T Vi, UAV 2> THRiZ LG E%Z SIM/MVS ABIZ XV A RR
L7=EF /L (LF, SSMEF LV EESR) &9 5.

BHEHRERE 3 RILET VL, ERFIETERBMERT VINTATROAY— T
4 VTR LG EZ SIM/MVS MBI X0 AR L TIERR L Tz, Zhickt LT
FFIETIX, LIDAR 7 7 U T3 WIILET /L (LLF, LIDAR ET WV ERES) A ERRT 5.

[ sTART |

Stepl : 3RFTETIER
UAVZ W THHIBIROBE #iRa2 L, SIM/MVSIC
S YIRTY — T RETIVLAERT 5.

v

[SteDZ L SRTEFLD 3RTHEA~DEA J

WBAIELR 3 RITTET V% 3 RITGISICRAT 3.

¥

/ Step3 : BHAREE® 3REEFL~DEY i )
SREHE 3IXTETILE 3 XTGISICEA
RERFEEIREFEEART.

Wk FEE  SIM/MVS 22 2% ' iPhone
Ic&WY3RTY—7=x LIDAR7Z 7V iz& Y3
RETFNE{ERK REY—7 2 XREFIL

A\ Z{ER /)

[ END ]

5-17 Wk Fik L REFIEOHEK
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5.6.6 FEDLE
(1 EBRNSB
WRFLELBEFELZ BTS20, SIMEF /L & LIDAR EF L2 BE L, MK
BERELTHMT 2BEORE - Q% 2 MR 28 A THBR L.
TR, 20224 8 H 7 HE 11 BiZ, IRBTMXHY ZTHOT A7 7L b ik
SNTBEHEE CHEBE L., EBRARETIRIIRT LB THS.

1)iPhonel2 Pro @ LiDAR 7 7' U Z# H\W T, BE# 4 X% ¥ - L C LIDAR €7 v %
fERL L 7=.

2)iPhonel12Pro Tk L 7= 5 H & MetaShapel.7.0 (2L F, MetaShape & M) &
T SIM fg#HT 24TV, SIM T L EAER L 7Z.

I HIPH A 2 ¥ (2mx3m, 2mx10m) REL, HEERNOHENTZGHGOREL
el L7z,

HER LT 3RILET VDR TRE X OFHHNTIE, MeshLab v2022.02 (BL ', MeshLab
ERES) AL

FRRG T O WK PL A B 5-18, 5-19 ICRT. F, EBREHA2RO 3 RGET IV
ZEENOIHFM LM ERCT, EEABLOHMGEZ R LEZL D%, B 5-20 12
R

5-18 EBRL AT (2022.08.07, #iPH : 2mx3m)
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5-19 FEEREFT (2022.08.11, #iPH : 2mx10m)
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Yarand

o5

B SIM/MVS

W2 &2 3ot ET AMER E 3 RIE GIS ~DiiE

(2) RBREHER

FTAMEEE LTEOREMMZBIFTREIERT 2720, ETVICED Z A
TWHarXy 7 20HKEVIZONT, LIDARET /L - SIMET /L« BEHD 3 D%
g L7z, 2ofE%, SIM E7 /L - BE TiEHe A0 " aE 70 30508 Hi A B 72 W 55
ERHLHTENHRA L., ET AV ETa Ry 7 AOLTORZT 2R LG
%, 5-21 (2R 7.

KIZ LiDAR €7 /L & SfM €7 /L%, MeshLab TH/RL, EF LV ETar Xy 7
A® 10ecm OHEY ZFM L7z, Zh 2O MG T2 2o BEY 230 L
Z OF¥E TR L 72, FHIAS R 5-9, K510 T LB THY,
TIEE S WS L0 bEESLLHR -G OBERKRE ho T,
TE, WICEERP NG OBREN NS LoTz, BTNV EITR SN =
YRy Y ADORE S EFHELoEE A, B 5-22 1277,

WICEER 10D 2 OEREAZ 3 RocET LV ETHBIL, FEH
Rl1E20oMiE=Anry Ty —7 %@ L, 5o 30 #E1X
Y R L7z, iR R AR 5-11 10T,

StM & 7
LiDAR &

Il & e L7, FRE

T2y —70H
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