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Abstract

The building constructions have extremely increased in the present. Inspectors
have to record working tasks at construction site in order to monitor regularly the
construction progress. The aim of this research is to create 3d-model using close-range
photogrammetric  techniques for construction progress monitoring and apply for
Building Information Modeling (BIM). The study area-is the building of Faculty of
Agriculture Natural Resources and Environment at Naresuan University in Phitsanulok
province. This research used the imagery taken from Unmanned Aerial Vehicle (UAV)
and smartphone in order to reconstruct 3D-model in format of point cloud using Agisoft
Metashape software. In addition, as-planned 3D-model was performed using SketchUp
software from construction drawing (2D CAD). Then, the data analysis of both 3D-
models was overlapped to assess the construction progress monitoring on ArchiCAD
software. Results indicated that construction progress monitoring could be estimated
by the visualisation using comparison of as-planned and as-built 3D-model. Therefore,
the reconstruction of as-built, 3D-model for building construction can be easily and
rapidly compared to monitor the construction progress of building through overlaying

with 3D-models.
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CloudCompare
3D Point Cloud

Close-range photogrammetry

Coordinate
m‘nwuwumsdw

Transformation

ANRLASZELWNISEUININE DINUATID1ANS Construction

3D Point cloud Comparison
and 3D Model

AALALLITY

uazMMABUAREATH Progress Monitoring

Analysis

2199R81989n M8 (Ground Control Point : GCP)
|

=

. o . = -
nrsgnenwatendsdlnsAwiiione nsananAlslasuvuinian (Mini drone)

SketchUp

3D Model

t

Export 3D Model

t

@ &
tnlasaadna 2D unTudu

Agisoft Metashape Multiple Images (nMNWAIEUKES)

Tms9319 3D A7e SketchUp

2D CAD

Photogrammetric Processing — 3D Point Cloud
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2.2 malulaguuuaIaseansaumAaIAis %se Building Information Modeling (BIM)
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dlefinswamindesdienmidnea delmnuauisalunstuiindedinmans souds
AMUA1IME MesURRNNIWeS b biAan sHRuImATAnSTIIn TRguazensiy
svorlndunndududidu Fannends Fasennisdisadeiadenanin msdatadaeninly
syeglna (Close-range photogrammetry) sz?'qwqﬂ Unlddseynedldluarvisusng
donnenssuunnd s u idfyfenisd13naseine1nsUseiimanssaud sy mediy
Tus10uAR (V10YeUs9A ARSI, 2556)
Lﬂumi%’ai’mé’wmwﬁszazszijﬂé’aadwgﬂa&_jmqmﬂi’mqﬁ%%’qi’mim'mﬁfﬂ

lngiialuagdninluszye 1-100 . udlauingalaiiu 300 u. Feasdimslendesaneniniiey

WaNSHIALRNE

2.4 uRREMNYItes
1) Braun et al. (2014) ANYIN1TEBALUULATNITITUHULUUTIABIBIAITUAL
N3LUIUNITILYNINARY d s un1siUTeuliieudnludfvesanImiunaTewesiiunneasaiu
A v P ' P, s S v a L A
wuuwlau adumanuaanndoulunTzuIUNISNOaTAILARY F9aNINNLYIATIVeeNUT
neadagnasanulaensd1saINssadnsien e AN ST guvegawmaItignasie
YUINNIINABNTM VBN U AUl sNas19TURe Semi-Global Matching (SGM) &«

[y ' |

! ‘N’J v ‘:{I v o o ¥ o o U
wanligndugiuaniugidaninefdariilagiuudnaesdagyaeiais 4D (BIM) dmsun1siug

Y

NaUVRIYAU BIM 5588 119T8MIN0LARZIATIAAIALALTIURIVRIE WUTENOUAE TN Y

lngldniaaaunid dmsuusasigadasiin1snuaTEAUALATOUAUAIE

L Capture the current
8 stage of construction

Planning & Design

Generation of point clouds

!
-

I Target-actual comparison
re-calculation /

AN 2.1 TASIE519NNISATIRABUAIILNINTLINTTABESS (Braun et al. , 2014)
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AN 2.2 A2981991P15N ML BERIN1SHeNNALUlaE (Braun et al. , 2014)

‘WaIIDl Wallos ”
Slab01 o Nalio2 — Wallog
CS——
Whalko Wallo?
" Wallos Wwaliog*®

AR 2.3 nsvaudiusnianudAydusunsiannalulad (Braun et al. , 2014)

mwﬁ 2.5 raster cells Uuﬁuﬁ’ﬁmq (Braun et al. , 2014)
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1

AWA 2.6 NI LARIAINNFNNUSHOURTIE S UAIND1ANTIUAINT 2.5 (Braun et al. , 2014)

2) Tuttas et al. (2014) Anw13I5n1sas1anguuesgnn a1 ulag lnlawnsuuns

14n13598ANveIlATIA5 199NN TEUIUNITAE BULMT (motion process) W3aNiugARIUAY

A o

(control points) Wiaas1eNguaaNUsTuTEInlusEUURNANEenRRDIIN NAIIINTUNGUTDS

' [ '
= b = I

adlaglddmiunisiuSeuiieungnaineuniuunuiigld @iy voxels ve9 octree tugn

9 Y
Vasenedrwmselidunidn Wnensaienmdiesad Sausuianlasunisiasied

WA LAEAILAUIUDINADY A9UyMIRa1INsaTsUTUAIUDIAST Lsiagle 115 uni1snsIadeu

9 Y

N1500g V819 ¥BI0IA13ILYIINIINAADUATIN RS tAedInNART g AuntILay

ANUNAIVDILUUTIADIPIULNUNIL FanaaounudaiIunneaseneliteulyase

AW 2.7 shegndmsuaesniniianeluaniunneasne Jeenaudunsazianignaluau (Braun et al.
2014)
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-

AW 2.8 NGURA (point cloud) NzAgYRINin a1uilRves SIFTFeatures Uagsumiendas JUAW | Lax

Il wanslunand 2.7 (Braun et al. , 2014)

Amd 2.9 point cloud fiadanamiiuandluning 2.8 (Braun et al. , 2014)
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AR 2.11 nadnsamSunsa raster cells (Braun et al., 2014)

3)-Braun et al. (2015) @Nw138n1581U438ANEEAINTUNISLUS BULTIBUAUNITITGAY
flasrauinunisnsnasufieninnguues point clouds gnadsdulvsisnamisuiiiey
AuwuuIaeedeyasiais 4D (BIM) ﬁﬁagﬂi sgslsfmuilossndsinuaedvauandinuly
a0 ufineas1edsaunsansranuldiiissduosvesesdussnausins lAgAENATIHANTT

v o

prndutuldfunsuiulsuasiliituesaiteddnlagldteyadfiuivasna iy

310 4D BIM



AN 2.12 3aseenuuuYesiufineasannaesiifnfseguuasy (Braun et al. , 2015)

AW 2.13 HUUBIVDINIAVBINUANBATIAIN UAV (Braun et al. , 2015)

AN 2.14 nsvluanImNFuRUSAauntnSaxlsmandennaasiy (Braun et al. , 2015)
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A9 2.15 point cloud Nas19TUMNNUANDATIS (Braun et al. , 2015)

AW 2.16 JUanvRENsEUI“ gAnsIany” Iagduaiu point cloud (Braun et al. , 2015)

9 Y Y

T
TN IHHIE'-'

AT 2.17 aeAUsEnaUNIAead1e (Braun et al., 2015)



16

4) Anwar et al. (2018) ANWINITVIIUFIMTUNITHAIUITEUUNTIVADULAT NS
F189UNINeas 1T sruu USRI ULUY Imai%’%’a;gjaLLUUL%ﬂﬁlmﬁﬁlé’%’umﬂimuuaz
UAVs %’ayjamﬂmmaamuﬁLLazﬂejmaaa;m (arnmsauny audifvesanufineadns) a1unse
Yruldlunisadrswuusassawils Insldimeadalnlawnsuauuins M3ondn Tasuluna”
asaSouiioutuluma BM ludunsunisneadiesine 9 iieRnnuaanuiimdinas
neasNs uaﬂmﬁamﬂmiﬁmumL'smmidaa%"mLLazmsﬁﬂéquumiLU‘%&ULﬁauﬁawmimma
1l 9520n150UTINANL81939 N193189IUN1SE LB URYNIIATITdEULAZAIT LAY Taeld
éha&hwaﬂ,ﬂsamiﬂ'aa'%"mﬂszﬁﬁﬂmmﬂst”fsﬁan;ljaaeiwﬁﬁszﬁw%mwﬁuLLam’lﬁLﬁu’luLLdmaami
MIIVADUNITNOAI DY IYaAN LLam’LﬁLﬁudwszUUé’mluﬁﬁLﬁug‘dLLUUﬁamwmammm
weneuisuIUlUNNIATIREOUNSAeASIUUS A RLAZTUMEUN3 I8 SEUUE e aus
TmImuauguatasdansledfiazmnauisuazvineatn uwiidmalnisdidumunis

[

MakNUagnN1sUsuasuluaaiunnvu

A

3D model with all the details
|| BIM)

ey

Construction sequence,
schedule and planning;
specification

~,

Conceptual and detailed
drawings

AT 2.18 TURDUAIAY T ULLINILUUAIANUBINITATIVEDULEZNNTINUNUNNTADESS (Anwar et al. |
2018)
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---------
"""""""
. .

Photogrammetry

. Software tools, manual
4 : cleaning and processing

Drone Imaging y 3D Model

Al 2.20 msudastoyaningeain Drone Wukuudiaesaufiil (Anwar et al. , 2018)
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BIM Model Drone Images Volumetric Comparison

. 554&}

g

Volumetric Comparison

Plan

Elevations Isometric View

W BIM Model
W Drone Model

W BIM Model
W Drone Model

AN 2.21 NSKUSEUIEULTAUS LIRS TEMINLEUAISNBAS 1 TRUANISHaL AINAUTLNUe LR naas 19

(Anwar et al. , 2018)

Quantity Comparison

BIM Model

A 2.22 fedranssuifisudiinudmsunisimisiasd - vesguivimuneglummuaiian (Anwar

et al., 2018)
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Schedule Comparison

Construction Schedule Bar Chart

B Completed till now
I Need to be completed

Schedule BIM Model

AT 2.23 fegransidSeuisunsnanandnsulassnsnsaanel - MSIRNEIAN9E1E IR

AuuaIa1 (Anwar et al. , 2018)
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3.1 wpSadleniylun1siae
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Tunsfinyidensall FRdelasuunasedionldlunuidedu 2 Ussan laun

1) aunsain1sanenm

=4

1.1 nasalnsédniilana (iPhone6)

At 3.1 nsdwvidledio iPhones (https://store.ais.co.th/th/mobile-phone/apple-iphone-6-

64gb.html, 2018)


https://store.ais.co.th/th/mobile-phone/apple-iphone-6-64gb.html
https://store.ais.co.th/th/mobile-phone/apple-iphone-6-64gb.html
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1.2 Tasu (Drone) %38 UAV (Unmanned Aerial Vehicles)

91neenuliaudu u Dji Tello uag Dji Phantom 4 pro

m‘wﬁ 3.2 Mini-Drone iq'u Dji Tello (https://www.autoinfo.co.th/online/283245/, 2019)

A 3.3 Drone U Dji Phantom 4 pro (https://www.blueskiesdronerental.com/product/dji-
phantom-4-pro-2/, 2019)
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2) wandksUsTINana

2

2.1 Agisoft Metashape 18 ulusunsuwuvauwaus elaud Uszuiana

I~} v v Y v 14

AMNANY 138N13THIAAIENIN (photogrammetric) WUUARYA Uazaidoya 3 &R

o

auatBanwi AU luldiuanu GIS (Geographic Information Systems) 97U ALY

N

ToYaNIANMITTAUTTIU Wazn1snannmaemaiaiiay (visual effects) sauluis

Y 1

nsiarnuesiansesusng 4 lumisdes Fanuadeilflunisussunananmsnluia
waras1adunuudiansaudia

2.2 AutoCAD 1T ulUusunsua 1880k UUA8ABUNILABS ( Computer
Aided Drafting/Design, CAD ) A aunsasesfunasiicnunaly 2 44 wag 3 47
dMTUNULRNLUUINUIAINTIY @01URENTTU WaTAAI NI 9 FaanAtedld
\Uavadanuvanidnenssu (2D CAD)

2.3 SketchUp Juldsunsuesnuuudidanuaiuisalunsidsuningie
lasssslinateiduninausiassaudd (i ulusunsuauiadn 3 avinlsidnnsg
Usvananapaniegasanida fenddeildlunisadrsuvuanitinenssu (2D CAD)

T unuuaiuda

3) wedkITIATIENUeYE

3.1 CloudCompare tdulusunsuudlowarussuranalsinu 3D point
cloud FaemAdeildlunsiieseiiuioufiouenasioadng

3.2 ARCHICAD tdulusunsuiilélunisesnuwuusuaardnenssy &adu
TUsunsudisIunisasauuusiasia1nls (3D) wagn1sideunuuDrawing Wialidaeiy
Tulusunsuiien Mlusunsuldmaluladlunisdiastatnisii3en BIM (Building
Information Modeling) %QLﬂuﬂWﬂﬁSﬁagamlﬂlu Object 19991A15 M lRIUIUATY
Wtalaandruluudeidn diulvufontds MIRlUswnsLaIN1TaUTEUISIAINNT
Aeadseninldisdusn MmsvinauadsuuseuAluuiansaildineluduneu

%
o

a7 antumnaulun1syinauiggaukazUsendanaleaunndedu
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2) wuudmnssdlaseaine eransaudiaununsgukasidiselansdudeuasial

YY) o w

MAndngNlunEnioe 1.usms 90 uTem 3. anded 91in

v o

3) MuangaImsaugiaLIasTIuLazise T stuleuasialmdndngaly
ARSI 1.505 90 ndednsdniiliede uaslasuvuinidn
4) wuuuUauneadia v3e 2D CAD ke ngaiuate1nsinuInsgIuastdnseTe

v @

n1sduleuansiaiiindndnsivlundndusion ntnludusinuasuasnindamiyusy Ao

2R 3.7 wuusUaunading wse 2D CAD (Us¥m 3. @aatlag §1in, 2019)
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5) WHUESANAIMUAY (Gantt Chart)
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gzl 6 il 13 mgwaea 2362y
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3.3 maiusiusiudaya
1) deyanmeeannaedlnsAnsiileds (iPhonet)
1.1 symrasuiiufideurhmsenm
1.2 MSIUHUNTINEA N
1.2.1 MruATEEereseninendesiuiiens Wiy 3 wes
1.2.2 mvunsEegyeseniamaeusasnn v 1wes
1.23 dhelapsouriavan
1.3 %1n150780 N m@m@uéﬁmmmmgml,l,azLﬂﬂiz"‘;’amiﬂulﬁau
arstadlindndngy Tundndoe u.usens
14 aynaeuieyanmiedild ieshlulflunisuszananadoyasiely
2) deyaningngarnlasuuuiaién (Mini-Drone 3u Dji Tello)
2.1 psaaaouiufineurihnisinenn
2.2 MIEUHUAITAEN N
2.2.1 favualundu Fedieamnn 4 seee 1 wing
2.2.2 thelppsoustmun
2.3 ¥I1n190180N mmiquﬁﬁwmmmgmuazLﬂﬂiz’i’qmiﬂmﬂyau
arsindimdadngiglunandiaen L.ulsaas
2.4 ssyaasudoyanmdenls tielulflumsusssnanadeyasioly
3) dayan na1891nlnsu (Drone $u Dji Phantom 4 Pro)
3.1 nynaouiufideurinisdionin
3.2 MagamuRN e LitelddmuimuntauuUSae AN
3.3 MIINUHUNITEIAIN
3.2.1 Tdn1stuaneuuudnlulia
3.2.2 ANUENUU 80 tuAs Angle of the camera 60 8¢
Front overlap 80 % Side overlap 80%
3.2.3 AUgeUU 120 1ums Angle of the camera 45 09¢
Front overlap 80 % Side overlap 70%
3.4 yhmsatennii Augady 80 1WA Angle of the camera 60 84

Front overlap 80 % Side overlap 80%
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3.5 ﬁﬂﬂ'l‘id’lslmwﬁﬂ’smq&ﬁu 120 Luns Angle of the camera 45 83A1
Front overlap 80 % Side overlap 70%
3.6 nvaeuleyanmaentivesaugslu 80 way 120 wns et U1y

Tunsuszananadeyasialy

3.4 msUszuranadoya

1) N15E319UUIIABIEUTR

1.1 wisudayaningns a1aA13augnmunIasgkasd1seTinisvuleu

U V)

v v a (% (3 13

arsiadmdndnsialundndue 1.usms 1Mn1saieannassnsdniideds

Tnsuvadn (Mini-Drone U Dji Tello) wae Drone 3u Dji Phantom 4
1.2 dnamaefmisuld Wiussuianalu 1@ el Agisoft Metashape
Professional (64 bit) e lAlANBILUUTIAD AR

1.3 dumeulunisasisluuiiassanudfnioiniesile Agisoft Metashape

[

Professional (64 bit) yilgead

1.3.1 Jansesdle Agisoft Metashape Professional (64 bit)

O e ———— - a8 x
Bo Bt M Meibos Luad Bew Db T Hew

[ ol U SR SEa bl - IS N RN N o S

£ ol

Hhasss

(RN LI B

Vs R e s T e

Al 3. 9 uanansdaaiesie Agisoft Metashape Professional (64 bit)

1.3.2 1Ufl Workspace > Add Chunk iaifufiiusiusiuningne >

Add Photos Wiiauiisininene
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Set Active
| Duplicate...
Spiit Frames...
@ Enable Chunks
© Disable Chunks
Save Chunks...
X Remove Chunks

Add

Process

B
* g Add Folder...
e " Mg Add Marker
fmport " |@ Add Frames..
Remove >
Set Primary Channel...
& SetBrightness...
%% Set Raster Transform...
———————  SetDrawing Plane
Property Reset Drawing Plane

Chunk 1 Reset Transform
Cameras

Aligned cameras ' Rename...
Coordinate syst¢ Ji Reference Settings...
Rotation angles @ Show Info..

ﬂ’l‘W‘ﬁ 3.10 LLﬁﬂ\‘i%ﬂﬁ@‘Uﬂ’ﬁ Add Photos

1.3.3 LHaUAMEIBLAT YIIN1TARUANIN AGNVINGBN Estimate

Image Quality tJun1sUszaImRunnUDIA NENE

Model

Open
Open in New Tab

Enable Cameras

Disable Cameras

Move Cameras
Remove Cameras

Align Selected Cameras
Reset Camera Al

View Matches...

Filter Photos by Cameras

Invert Selection
Masks
Export Depth.

Photos & x

QO X AL N

Check Paths...
Change Path...
Open Containing Folder

Rename...
@ Show Info..

DJI_0122.JPG DJI_0124.)PG DJI_0125.PG DJI_0126.JPG DJI_0127.JPG DJI_0128.PG

IS R

DJI_0132JPG DJI_0133JPG DJI_0134.PG DJI_0135JPG DJI_0136.JPG DJI_0137.JPG DJI_0138JPG DJI_0139.JPG

_ ¥

DJI0142JPG  DJI0143JPG  DJI0144JPG  DJI0145JPG  DJI_0146JPG  DJI_0147JPG DJI_0148JPG  DJI0149JPG  DJI_0150JPG DJ_0151JPG  DJI_0152JPG

DJI_0123.PG

Photos ~ Console  Jobs

AMd 3.11 u@nen s Estimate Image Quality
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1.3.4 i@ Estimate Image Quality @S audn vnns Align Photos
Junsihamundaises udandengavesnmimiiouiunnadianuuinassaudfnuudmnluds

Taglufi Workflow > Align Photos

File Edit View Workflow Model Photo C (& A|ign Photos X
L EEH & % AddPhotos.. -
Workspace & Add Folder... - ¥ General

LY |
,049%"’ Accuracy: _Highest |

Work { Build Dense Cloud...

’ Build Mesh... Generic preselection
Build Texture...
I ¥ .
o Reference preselection
Build DEM... Reset current alignment
Build Orthomosaic...
Align Chunks... - » Advanced

Merge Chunks...

0K v Cancel

Batch Process...

AT 3.12 UAnInIs Align Photos
1.3.5 il Align Photos L&53Ua1 insiiuaszuuiie lneadni
Reference > AAN Convert vl oLd anszuuN e > mvuaidu WGS 84 / UTM zone 47N

(EPSG::32647) > OK

X Reference & X
pREElreEzan &
Cameras de Latitude Altitude (m)  *
E DJI_012... 100.197326 16.746518 134.870000
M =&l DJI_012... 100.197403 16.746372 134.970000
™M | DJI_012... 100.197470 16.746242 134.870000
M = DJI_012... 100.197536 16.746117 134.870000
-% DJI_012.. 100.197602 16.745994 134.970000
M & DJI_012... 100.197669 16.745867 134.870000
M & p)_012.. 100.197737 16.745736 134.770000
-£ DJI_012.. 100.197806 16.745604 134.670000
-4 DJI_012.. 100.197872 16.745480 134.670000
M = DJI_012... 100.197921 16.745386 135.070000
M =] D)I_013.. 100.197722 16.745293 134.770000 v
< >
Property Value
Chunk 1
Cameras 139 wd Convert Reference X
Aligned cameras 0
Coordinate system WGS 84 (EPSG=4326)
Rotation angles  Yaw, Pitch, Roll Coordinate System
WGS 84 / UTM zone 47N (EPSG::32647) Y. ?’é
Rotation angles: Yaw, Pitch, Roll 52|
Items
M cameras Markers
| Cance

Workeots, [ENNE) |
< o o
AN 3.13 LEAAINITNTRUATEUUNNA
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Reference g X
EEEEZ7QHEEEH R

Cameras Easting (m) MNorthing (m) Altitude (m) Accuracy (m) ~
=4 DJI_025... 627622.106982 1851920663225 179.062000 10.000000

=L DJI_026... 627634441537 1851896481325 179.162000 10.000000

=L DJI_026... 627644278151 1851876980717 178.862000 10.000000

=L DJI_026... &2T7655.242060 1851855679675 178962000 10.000000

=4 DJI_026... 627665.242800 1851836468973 178962000 10.000000

=L DJI_026... B627675.714584 1851816.246853 179.262000 10.000000

=L DJI_026... B62T686.759765 1851794.737315 176.862000 10.000000

=4 DJI_026... 627694856863 1851778889876 179.162000 10.000000

=4 DJI_026... 627649152500 1851756.036510 179.162000 10.000000

=4 DJI_026... 627637457732 1851779.690541 179162000 10.000000

=4 DJI_026... 62T626.872221 1851799.623083 1786762000 10.000000 o

L]

AN 3.14 LAASAIDE1LVINITAIUUARTRNALAT

1.3.6 o muaszutiinawdl asldidunisinungaaiuauliiv

AMENE AIBNTUTAYA IRTITUAAIUANAANLAURALAINISAUTIUSINNIN AU Tny

9

LU Photos M wTgnAIuANAANURY

Model  DJI_01520p6 B3

Photos

0oxacucs

L 9 70 ol ol ol

DJI_0144.0PG DJI_0145.JPG DJI_0146.JPG DJI_0147.JPG DJI_0148UPG DJI_0149.JPG

RN

DJI_0156.PG DJI_0157.JPG DJI_0158JPG DJI_0159.JPG DJI_0160.JPG DJI0161.JPG

m__m.“'ﬂ-'\é-ﬂ-il--s‘--\ml.m‘l-um“-llﬁ

DJI_0132.JPG DJI_0133.JPG DJI_0134.JPG DJI_0135JPG DJI_0136.JPG DJI_0137JPG DJI_0138.JPG DJI_0139.JPG DJI_0140JPG DJI_0141JPG DJI_0142JPG DJI_0143.JPG

DJ0150JPG  DJLO151JPG | DJIO152JPG| DJI0153JPG  DJLO154JPG  DJI0155.PG

T e O

DJI_0162JPG DJI_0163.JPG DJI_0164.JPG DJI_0165JPG DJI_0166JPG DJI0167.JPG

8 x

Photos | Console  Jobs

AT 3.15 KAAINITINNATYAAIUANNIANUAY
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137 domamiiiigaauauniafiuiuliuga shnsunsagn Tneadn
19afiiden > Add Marker > a¢ld point 1 @4 point 1 duflnananim nsfiagliusngn
amiildlas wdnamdifvanuaunafiuAufimiiouty > adnundigediden > Place
Marker > iden point 1 Whillsunsufiazvinsmun point 1 TvsalusiRvosmnnndd (us
fowhmsideu B linsegamnaw P uAAALAABUENTRE-UuNANs eldeundn

rUsngludides B

DII_0151.37G 3

Place Marker
Clear Markers.

Set Drawing Plane
Reset Drawing Plane

w Add Marker

[ PlaceMarker Y New Marker

Clear Markers ‘ Select Marker...

Set Drawing Plane l

Reset Drawing Plane

Capture View

Al 3.17 wananis place marker 483 point 1
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il 3.18 uansnsioguas point 1 wuudnlud® 1Wevinnns place marker ¥4 point 1

Photos 8 x

QO XarRE

DJI_0131JPG DJI_0132JPG  DJI0133JPG DJI_0134JPG ~ DJI0135JPG  DJI_0136JPG DJI_0137JPG ~ DJI0138JPG  DJI0139JPG DJI_0140JPG  DJI0141JPG

L L 0 Tl T

DJI_0142JPG DJI0143JPG  DJI_0144.JPG DJI_0145.JPG DJI0146JPG  DJI0147JPG DJI_0148JPG  DJI0149JPG  DJI_0150JPG DJI0151JPG  DJI0152JPG

o Tl P et et et 2d el el g

DJI_0153.JPG DJI_0154JPG  DJI_0155JPG DJI_0156.JPG DJI0157JPG  DJI0158JPG DJI_0159JPG  DJI0160JPG  DJI0161JPG DJI0162JPG  DJI_0163.JPG

-
Console  Jobs.

A 3.19 Uanen15ilegves point 1 kuusalusiRvenn 9 A 1levinng place marker Y84 point 1

[Photos 8 x
QO xar RE=E-

DJI0131JPG DJI_0132JPG  DJI_0133JPG DJI_0134JPG  DJI_0135JPG DJI_0136.JPG DJI0137JPG  DJI_0138JPG DJI0139JPG  DJI_0140JPG DJI_0141JPG

L T

DJI_0142JPG DJI_0143JPG DJI_0144JPG DJI_0145JPG DJI_0146JPG DJI_0147.JPG DJI_0148JPG DJI_0149JPG DJI_0150JPG DJI0151.JPG DJI_0152JPG

T I R RN R N N R T

DJI_0153JPG DJI_0154JPG DJI_0155JPG DJI_0156JPG DJI_0157JPG DJI_0158JPG DJI_0159JPG DJI_0160JPG DJI_0161JPG DJI0162.JPG DJI_0163JPG

o o ' = = S 1
AN 3.20 LR INIDYNATLEDUIANLATVAULA
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138 nsdiifanmuaumeaiiuiunaisga lvhmsndulunwiudd
point 1 LLé”JWﬁ;mﬁ 2 ﬁ]’mﬁgu Add Marker Tugd 1Ju point 2 Wag Place Marker l@®n point 2
94N Wlng f4935n15U94 point 1

1.3.9 1ilo mark 9aAsULEY ¥N13 Align Photos Bnasa dunausely
azidunisasns Scaling e?iqLﬂumsﬁmumﬂummﬁgﬂé’faa‘lﬁﬁumei’ﬂaaaafmﬁa Pleaszenig
sgrhaeaiinuinaiiuiineainauds fen1sade Scale Bar fites Reference lng na
Shift i point 1 ag 2 > AN > Lien Create Scale Bar > agldfvunszeninasening

point 1 uag 2 e

s

Scale Bars Distance (m) Accuracy (m) Error (m)

Total Error
Control scale...
Check scale ...

Workspace I Reference I

AN 3.21 wAAINITUTINOUBINLN Scale Bars M1Y@3 Reference
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Markers Easting (m) Morthing (m) Altitude (m)
1 ™ point 1
O point2 l
(] F' point 3 m Add Marker
0 P point 4 - Create Scale Bar
1 ™ point 5 Move Markers b
O point& X Remove Markers
Total Error Remove Projections
Control points
Check points P Filter Photos by Markers
lnvert Selection
=7 Rename..
< @ Show Info.. *
m‘wﬁ 3.22 L@men1s Create Scale Bar
| < >
Scale Ba?s Distance (m) Accuracy (m) Error (m)
| point 1_... [27.050000 0.001000 0.020716
Total Error
Control scale... 0.020716

Check scale ...

Workspace Reference

save NOUNIIASY |

Photos Tvidnase

AWl 3.23 uansnsldszozsinaszninagaiites Distance (m)

1.3.10 18311115 Create Scale Bar ASUAINT HDIN15UED AITIY
aelUfl U7l File > save as onfiiundng save

1.3.11 iie save L3oudosudindulud Workflow ¥11n15 Align

Winlmdulunuensvus lAvinue
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AT 3.24 uansi1ae193n5 Align Photos
1.3.12 %89977911n15 Align Photos uan sialuaztdudumeu Build
Dense Cloud LitaLiudnwiugaliiiu Tie Points (@4 Tie Points A1131nn15 Align Phots) Ing

U7 Workflow > Build Dense Cloud.



Mndel Photo ¢

% Add Photos..
g Add Folder...

] Align Photos...
[—Buid Dense Cioud.. ]
Build Mesh...
Build Texture...
Build Tiled Model...
Build DEM...

1 Build Orthomosaic...

! Align Chunks...
Merge Chunks...

Batch Process..

AN 3.25 LanINsKNbEAIaile Build Dense Cloud

bd Build Dense Cloud hd

- ¥ General

Quality: High -

- ™ Advanced

Depth fitering: Agaressive -
Reuse depth maps
Calculate point colors

Cancel

dl o U U v
NINN 3.26 LEAINITAINUAAINBUNITATN
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m‘wﬁ 3.27 Ldnas79819n15 Build Dense Cloud

1.3.13 digandaya point cloud fivnnsasha lagluii Dense Cloud

L

> AaNYGEN Export Dense Cloud wdudanlnauiyanaiisanis

Workspace B X
Bk b OOX
5 Workspace (1 chunks, 139 cameras)
hd Chunk 1 (139 cameras, 6 markers, 149,238 points) [S5]
> | Cameras (139/139 aligned)
» = Markers (6)
== Tie Points (149,238 points)
4000 Dense Cloud (5,627,311 points, High quality) I

Set As Default
Duplicate...

8-

Merge...
75 Remove Dense Cloud

Compact Dense Cloud...

|  Export Dense Cloud... |
Restore Dense Cloud...
Update Dense Cloud...

Lock Transform

=7 Rename...

@ show Info..

AW 3.28 wansnsdseandeya point cloud
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B save A
+ B This PC Local Disk (E) Fan2019 dji phantom 21-9-62

Organize ¥ New folder

i Desktop Name Date modified

Downloads
B 3d point cloud

80+120m. align UTM s i arfiles
B Pictures M 80+120m. align UTM dense doud high clearfile:

B iCloud Drive
R dji phantom 21-¢

+
*
B Documents #
+
*

W 80+120m. align UTM dense doud high.files
B 80+120m. dense cloud high.files

B 30m. align UTM dense cloud high clear.files
R end game = B

R Height&0m_Cver

B uedn

R 30m. align UTM dense cloud high & i
B 80m. align UTM dense cloud high.files
B 80m. dense cloud ultra high files
S B 120m. align UTM dense cloud high clear.files
3 This PC B 120m. align UTM dense cloud highfiles

-
File name:

Save as type: ASTM E57 (*.e57)

» Hide Folders

ASTM E57 (*.e57)
Topcon )

AWl 3.29 uansoeensidenyssLamlig
1.3.14 waldvaya point cloud wa3 annsailuiasieideyaly

Junausaly

2) 58519 As-planned 3D-Model

o {

2.1 ‘As-planned MaMeiiy 155 191UATRUANITINUNUAIIADES AU

Maunuld viseasTumudeyansivuanTnles

1%
} =

2.2 n15a374 As-planned 3D-Model @ 3a5199 1311910 2D As-planned %38

2D CAD vJ uuuan1dnenssuaIn1snoas 19a1ukaui 21917 Tagurluswnsy

1
P

SketchUp ulglunistiuesnuseneuaiudfnudndiuasauss 2D CAD #eil

2.2.1 WalUsunsu SketchUp udadon Templates Meters



Simple

Meters

> Import > @anlvd

S Untitled - SketchUp Pro 2019
File Edit View Camera Draw Tools Windov

AvENS wv
Copyright by

New Ctrl+N
MNew From Template...
Open... Ctrl+O
Save Ctrl+5
Save As...

Save A Copy As...

Save As Template...

Revert

Send to LayOut...

IAITF
con Jniversity

3D Warehouse >

Export > d

Print Setup...

Print Preview...

Print... Ctrl+P
(Generate Report...

1 EN18u2019\3D CAD\Thesis d

2 E\3\u2019\3D CAD\test1

Exit

|
A 3.32 WAAITUABUNNT Import biE

40
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f M 3.33 LLammaa“h‘mﬁiMmi;w}‘:\
._«L’."i o~ i *ﬁ
: 7 | .-:1:{ 223 14n5esile Shapes Ll Qa%@mﬂaﬁ‘ihmmwmmu wayly
Push/F‘ui Lwamuiﬂsaaim':nﬁ&ﬁwL‘Uua'mm o " ‘.rJ
i~ .| 0
‘ . Rectangle R
I Rotated Rectangle ‘ Push/PuII
@ cice - Push and pull face entities to
© royor sculpt 3d models.
n k]

CopSfrigtit By rardituhrypier sy

Push/Pull

Al rights reserved
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T

AW 3.35 LanssnegaanIsetessas sl uanuif

ARG

a o/

3) n1sUSUMNSEUU

NNA u,awquunuu,umi"\aae

3.1 USUUATTUURNA N ULUUTIa0a1uiR Aaelusunsy CloudCompare

M
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3.1.1 Walusunsu CloudCompare

Al 3.36 uanstiSuduredlunnsy CloudCompare
3.1.2 dwdlnwanaesnisusuunrsyuuiiie laeadni File > Open

> 1denlWanfeinis > Adn Open
Edit Tools Display Plugins
ki Qpen Ctrl+0

Open Recent... r

Save Ctrl+5
| Global Shift settings

I 3 Primitive factory
| ..j 3D Mouse 4
€3 Gamepad »
' Close all
Quit

AN 3,37 ARSI UABUATUIN NG
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@) Open file

+* al Di - 201 dji phantom 21-9-62 3d point cloud
Organize ¥ New folder
Date modified Type
» Quick access
i Desktop m. align UTM dense cloud high clear (n... /1 03 E57 File
Downloads 8 m. align UTM dense cloud high clear /1 EST File
B Documents 80+120m. align UTM dense cloud high clear.e57  9/1 E57 File
B Pictures Scan 0.e57 E57 File
R iCloud Drive an 1. ) 3 E57 File
n point cloud an 2. - E57 File
B dji phantom 21-¢ A Jo 16 E57 File
B end game
[ Qe
OneDrive
= This PC

o Notanrl

Open

AN 3.38 wanatnedmsunsidenlng

08 Tree

2.657 (E/4412019/5 phantom 21.9-6

Properties

{ o v

2NN 3.39 wansflegglndnuing

3.1.3 et nadwd Tiadndne aannd > lunwiesile Edit >
Apply. Transformation > agUsaguenasdenInd > 1videny Euler angles > Wasuav

Translation > OK



DB Tree

"'I ! Scan 2.e57 (E;3%82019/dji phantom 21-9-62/3d point coud)

P & File structure
&> Scan 0

AN 3.40 LAAINSHEBNLIUINATIEEN

Tools Display Plugins 3D View

Colors 4
Mormals 4
Octree 4
Grid 4
Mesh 4
Polyline 4
Plane 4
Sensors 4
Scalar fields 4
Waveform 4

4 Clone

-1 Merge

i Subsample

I Apply transformation Ctrl+T I

Multiply/Scale

E& Translate/Rotate
¥° Segment

Crop
Edit global shift and scale
Toggle (recursive) »

X Delete Del

AT 3.41 LAAINITLULATEINE Apply Transformation

45
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@ Apply transformation ? ped
Matrix 4x4 Axis, Angle Euler angles
Angles
Phi: 0.00000000 +| [Theta: 0.00000000 = | [psi: 0.00000000 =]
Transktion
X: 0.00000000 +| [¥: 0.00000000 +| |z: 0.00000000 g

[ Apply inverse transformation

Reset Cancel

A 3.42 uansthan Apply Transformation

aa v

3.2 vyulnuLUUInaesauiinaglusunsy CloudCompare

3.2.1 lUilia3 esdle Edit > Translate/Rotate > vi1n15vyuleny

dosnns Wleldunidesnsudng ¥

A A o
bNBYUIUNITVHU
Tools Display Plugins 3D View
Colors 4
Normals
Octree
Grid
Mesh
Palyline
Plane
Sensors
Scalar fields
Waveform

L4 Clone
-1 Merge

* ¥ v ¥ v v v v v

T Subsample
Apply transformation Ctrl+T
Multiply/Scale

I‘i? Translate/Rotate I

¥ Segment

Crop
Edit global shift and scale
Toggle (recursive) L4

K Delete Del

AN 3.43 LAnINSILASEade Translate/Rotate
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[Rotation/Translation mode]

9 v x
Rotation | v XYz

M M1y Bz

AN 3.44 LARINIVYURUUTIDIATUERA

3.5 n1saATzvideya
1) AAT1g9 3D point cloud Anndeslnsdnyiiienis iPhone6
2) 3199 3D point cloud 31NNABI Mini-Drone Ju Dji Tello

3) A9 3D point cloud 31nN@8Y Drone ju Dji Phantom 4 pro

3.6 nswWiguiigudaya
yinswIeukiigu 3D point cloud AR Nyisauaunsal iivetluldlunisgeuriu
AUKUUTNADE NN AT UUNDaT A LANIAINLUULUANNBASS (2D CAD) dmsudssidiu

AUNNIATMUNBES 198 ENEAN



una 4

NAN1598

g, &

9nfina1aliluund 3 welianAdeiiduluauinguszasd Tuunidudunisdina

Y0en15fiuTIUTINTeYa Usvaianadeua Aesizideya uarnisiwSeuiieudeya duwialudl

< v
4.1 RaNTINUIIVIINYBAA

1) NN5ININAUANNANUAY (GCPs) Uay InTeeeninesendneea (Scaling)

2N 4.2 Lansn15vin Scaling
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2) ANENNNNARANTFNNLIBED iPhone 6 YU 13 W.A. 2562 F1UU 28 AN

i e M

-

.

P

2NN 4.3 ANE18INNARIMSANEBN® iPhone 6 311U 28 NN

3) NINENEIINNFD9 Mini-Drone 3u Dji Tello ufl 9 f.y. 2562 §1uau 43 nw

AN 4.4 N NENBINNEDI Mini-Drone Ju Dji Tello F1u3u 43 A

4) pwidng97nnded Drone $u Dji Phantom 4 Pro il 21 n.¢. 2562
4.1 mmq\‘i‘ﬁu 80 LUm3 Angle of the camera 60 8371 Front overlap 80 %

Side overlap 80% 313U 139 AN
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AW 4.5 21a8aINNABe Drone U Dji Phantom 4 Pro 37131 139 A

4.2 Augelu 120 1WA Angle of the camera 45 84#1 Front overlap 80

% Side overlap 70% 37U 63 NN

AN 4.6 NNEBAINNED Drone U Dji Phantom 4 Pro 3113 63 AW

4.2 wan1suszutanataya

1) msasuuuItaesaulifnaelusunsy Agisoft Metashape

1.1 ANA18NNNABINSANLBN® iPhone 6

1.1.1 Align Photo
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A9 4.7 Udnswans Align Photo anndedlysdnyidlea iPhone 6

1.1.2 Build Dense Cloud

o~

AN 4.8 LEAINANIS Build Dense Cloud 31nnaaslnsdnsiilaiia iPhone 6

2.1 21870 Mini-Drone 3u.Dji Tello

2.1.1 Align Photo
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AT 4.9 LAASHANS Align Photo 27nn&89 Mini-Drone i:u Dji Tello

2.1.2 Build Dense Cloud



53

AW 4.10 LARIHANTS Build Dense Cloud 97nndad Mini-Drone i:u Dji Tello
3.1 A1ne837n Drone U Dji Phantom 4 Pro

3.1.1 mark 9muANNIARUAYN (GCPs) 31U3U 6 A

.j b e
- ore o

°F

AT 4.11 UAAIA GCPs YIavialn 6 30
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3.1.2 nsinseeerineseninega (Scaling) men15as1a Scale Bars

AN 4.12 LARIELLaURY Scale Bars

Scale Ba:s Distance (m) Accuracy (m) Error (m)
I E| point 1_.. 27.050000 0.001000 0.014348
¥ E| point 3_... 26.890000 0.001000 -0.009112
[ E point 5_... 13.989000 0.001000 -0.007543
Total Error
Control scale... 0.010736
Check scale ...

AN 4.13 wanaA Scale Bars

3.1.3 13 Align Photos #asa A muanaIunIaiufu (GCPs) waz

AMUATEEE9IEINeaa (Scaling)
3.1.4° 5 Align Photos iAnnagsdu 80 RS
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A7 4.14 UaAIHanTs Align Photos 7insgadiu 80 wns

- 3.1.5_n13 Align Photos ﬁ_ﬂamqaﬁu 120 tung
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AW 4.15 uananans Align Photos 7iaigedu 120 wns

3.1:6 113 Align Photos Tin1aigedu 80 ains iy 120 s



57

N7 4.16 UaRIHANTT Align Photos 7inugadu 80 ns 5y 120 wwns

317 Build Dense Cloud ﬁﬂamgaﬁu 80 LUng
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A7 4.17 Uaneranis Build Dense Cloud M1Augetu 80 Lums

3.1.8 113 Build Dense Cloud fianugsdu 120 wns
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AW 4.18 uanananas Build Dense Cloud fiAagedy 120 wns

3.1.9 n13 Build Dense Cloud ﬁﬂamqqﬁu 80 Lun5 5IUAU 120

bHRNT
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A7 4.19 UARIHANTT Build Dense Cloud NAnugeln 80 1ins TiufU 120 wms
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2) uan158519 As-planned 3D-Model

Al 4.20 WansnaN1ATI As-planned 3D-Model

4.3 wan1Inszidaya
1) WAN15AAIIZH 3D point cloud NnassnsAndeie iPhone 6
anglalanizauniinenns tesandedninsesiuiiseu q NAULAY Lazdl

suliiaglng

2) uan133AT189 3D point cloud 3MNNHBY Mini-Drone U Dji Tello

dnelanseuaquiiaenans uitulaliui wagligann

3) Wan15ILATIZH 3D point cloud 91NN&89 Drone 'a;'u Dji Phantom 4 Pro

ingldnsoumquiiaanans Julduu uasge wuudnesauiiinlaroudns
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4.4 wamsi3suiiisudaya

Foaauvuiaesanuiinnamdevestnsdmisiofis iPhone 6 Mini-Drone u Dji
Tello uay Drone $u Dji Phantom 4 Pro & thsnussiiiueuuansnsigaion Lilelden
wuusassauiiivesenasiisdsinsteassissldlunisiisudisuiunuusiaesaufia
YasuuUneadfilduanuuuwauieadns (2D CAD) Tnefiuuusiassaudfininndas Drone

3u Dji Phantom 4 Pro $i578aeLdeandnluninkuuinaeseuiinnivunasisty waviluly

Tun1sAnnnuANNAINLNIUNeES 19 edEAT LA

maé’Wﬁ‘LLUUfSwaaaamﬁaﬁa%ﬁaf\nﬂmﬂﬂ'ﬁﬂizmagﬂLLUUﬂ'ﬁmaﬂ’lWLLuwm 9 W 3
sunuv 1A 3UnUUT 1 Aiszazannags 80 1ins sae Angle of the camera 60 8 Front
overlap 80 % Side overlap 80% 314U 139 N, ':Jj“LJLLUU‘ﬁI 2 ﬁiwzmmqq 120 wung
Angle of the camera 45 83/ Front overlap 80 % Side overlap 70% 31UU 63 AN LAz

JULULT 31 8un139mnmaIngusuuil 1 uas 2 Faldnadndaanindieans
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INNTANYINUITLUNT 4 HANISAMRUNITINY TUIFTDNITNITRANIUAITUATIINLN
lusuneaiaiionsuszgndldwuudaesarsauwmeeins (BIM) Aien13d15390380 e

[

seeglng anunsoasuna efusiena Uaniuazauasse kasdaiausiugn1sAnwlanall

5.1 dyuna
UAITBHlAYIIN15aT 1ML UTIa09E U AY0 1911 NM8 4NBa 319 (As-built, 3D-
Model) U9 IAUZLABATAIENININGINITTTUYIA LAaTAWINADU URIINYINYULTAIT AIUNT
Audayaninais Mnmadansdisaamenmaesseglng lagldndosann aunsvlnu, Mini-
drone 3u Dji Tello #ag drone §u Dji Phantom 4 & 98153194 NUATEIEANILANFI1AY
ponld ndsnduinnasla auszatanalulusunsy Agisoft Metashape @1135uUa514
° aa P v ° aad v X o v a = v a
WUUT1R09a LR waziile kU a8 e Ul ANas NTLTANUONABINTIINUIUINGTS Fefaad
N13MMUAINaNBIANUNINENY Uazinssae9TEningne19de Faulleliuuuinaodanulfiv
HUU1nQNADIWTO INALRBILAT Fza 1N TN US B EUAMTUNTARAILAIUAINTNY
noas1ele Ineu iy udnassdINliveI01AIsNMIaINaT 1o uuAULUUTIae s Nl AveY
WUUADESNTLANNINLUURUAUADES 1S (2D CAD) HaawsTlaa1u1safnnuAunntlaly
FEAUNTY AIHUNTRAAINAIUAINITIVO1IUNDATI dansafnaulafensUsEliuIn
1% 1 | < P [ a a 4 = a U Y a
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1A39N13R0as1MIBRsUmMIINeas 1 wagauisaulludnrindugiudega BIM wieusuud win

In1seavinlunenianun

5.2 aAUs1unNa

91N91UTT YUY Braun et al. (2014) 15 89 Towards automated construction
progress monitoring using BIM-based point cloud processing 8@ nwLA gafunisAum
anuAamAdeulunszuIuMsAoad sfaLdLSY dren1sd1s9seindienin 91nnns Sudin

AMNANYIINTLUUNABINEAIN Nikon D3 FarinunagaaiuaufianlndlAgawaguuAsy point
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- InsAnvidletia iPhone 6 Specs
General
Brand
Model
Release date
Launched in India
Form factor
Body type
Dimensions (mm)
Weight (g)
Battery capacity (mAh)
Removable battery
Colours
Display
Screen size (inches)
Touchscreen
Resolution
Aspect ratio

Pixels per inch (PPI)
Hardware

Processor
Processor make
RAM

Internal storage

Expandable storage

76

Apple

iPhone &

September 2014

Yes

Touchscreen

Metal

138.10x67.00 x 6.90
129.00

18710

No

Gold, Silver, Space Grey

4,70

Yes

750x1334 pixels
16:9

326

1.4GHz dual-core
Apple A8

1GB

16GB

No



Camera

Rear camera

Rear autofocus

Rear flash

Front camera
Software

Operating system
Connectivity

Wi-Fi

Wi-Fi standards supported

GPS

Bluetooth

MNFC

Infrared

USB OTG

Lightning

Headphones

FM

Number of SIMs

Wi-Fi Direct

Maobile High-Definition Link (MHL)

5IM Type

GSM/CDMA

3G

4G/ LTE

Supports 4G in India (Band 40}

77

8-megapixel (f/2.2, 1.5-micron)
Phase detection autofocus
Dual LED

1.2-megapixel (f/2.2)

i05 8.0

Yes
802.11 a/b/g/n
Yes

Yes, v 4.20
Yes

No

No

Yes
3.5mm

No

1

No

No
Nano-5IM
G5M

Yes

Yes

Yes



Sensors

Fingerprint sensor Yes
Compass/ Magnetometer Yes
Proximity sensor Yes
Accelerometer Yes
Ambient light sensor Yes
Gyroscope Yes
Barometer Yes
Temperature sensor No

- Mini-Drone Dji Tello Specs

e Weight: Approximately 80 g (with propellers and battery)

¢ Dimensions: 38mm*92.5mm*41mm

¢ Propeller: 3inch

e Built-In Functions: Range Finder, Barometer, LED, Vision System, WIFI 802.11n 2.4G,
720P Live View

¢ Part: Micra USB Charging Port

Performance

e Max Flight Distance: 100m
¢ Max Speed: 8m/s
e Max Flight Time: 13min

Battery

¢ Detachable Battery: 1.1Ah/3.8V

Camera

* Photo: SMP (2592x1936)

s FOV:82.67

s Video: HD720P30

s Format: |PG(Photo); MP4{Video)

» FElectronic Image Stabilization: Yes



- Drone Dji Phantom 4 Pro Specs

AIRCRAFT

Weight (Battery & Propellers Included)
Diagonal Size (Propellers Excluded)

Max Ascent Speed
Max Descent Speed

Max Speed

Max Tilt Angle

Max Angular Speed

Max Service Ceiling Above Sea Level
Max Wind Speed Resistance

Max Flight Time

Operating Temperature Range
Satellite Positioning Systems

HD'U'EI"AC[UTEC}" Ra nge

Copyright by Naresuan University

1388g
350 mm

S-mode: 6 mis
P-mode: 5 mis

S-mode: 4 mis
P-mode: 3 mis

S-mode: 45 mph (72 kph)
A-mode: 36 mph (58 kph)
P-mode: 31 mph (50 kph)

S-mode: 42°
A-mode: 35°
P-mode: 25°

S-mode: 250°/5
A-mode: 150°%/s

19685 feet (6000 m)
10m's

Approx. 30 minutes
32°10 104°F (0° to 40°C)
GPS/GLONASS

Vertical:

=0.1 m(with Vision Positioning)

=0.5 m(with GPS Positioning)
Horizontal:

0.3 m(with Vision Positioning) C‘B‘
1.5 m (with GPS Positioning)

All rights reserved
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GIMBAL

Stabilization
Controllable Range
Max Controllable Angular Speed

Angular Vibration Range

80

3-axis (pitch, roll, yaw)
Pitch: -90° to +30°
Pitch: 90°/s

+0.02°

INFRARED SENSING SYSTEM

Obstacle Sensory Range
FOV
Measuring Frequency

Operating Environment
VISION SYSTEM

Vision System

Velocity Range

Altitude Range
Operating Range
Obstacle Sensory Range

FOV

Measuri ng FTEQUEHC}’

e

Operating Environment

0.6-23feer(0.2-7m)

707 (Horizontal), £10° (Vertical)

10Hz

surface with diffuse reflection material, and reflectivity > 8%

(such aswall, trees, humans, etc.)

- - - —

Forward Vision System
Backward Vision System
Downward Vision System

=31 mph (50 kph) at 6.6 ft (2 m) above ground
0-33feet(0-10m)

0-33feet(0-10m)

2-98feet(0.7-30m)

Forward: 60°(Horizontal), +27=(Vertical)
Backward: 60°(Horizontal), +27°(Vertical)
Downward: 70%(Front and Rear), 50°(Left and Right)

Forward: 10 Hz
Backward: 10Hz
Downward: 20 Hz

Surface with clear pattern and adequate lighting (lux=15)

All rights reserved
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REMOTE CONTROLLER

Operating Frequency

Max Transmission Distance

Operating Temperature Range
Battery

Transmitter Power (EIRP)

Operating Current/Voltage

Video Output Port

Mabile Device Holder

81

2.400-2483GHzand5.725-5825GHz

2.400 - 2 483 GHz (Unobstructed, free of interference)
FCC: 4.3 mi(7 km)

CE:2.2mi({3.5km)

SRRC: 2.5 mi (4 km)

5.725-5.825 GHz (Unobstructed, free of interference)
FCC: 4.3 mi(7 km)

CE:1.2mi{2km)

SRRC:3.1mi{5km)

32° 10 104°F(0° to 40°C)
6000 mAh LiPo 25

2.400-2 483 GHz
FCC:26dBm
CE:17dBm
SRRC: 20dBm
MIC: 17 dBm
5725-5825GHz
FCC:28dBm
CE:14dBm
SRRC:20dBm
MIC: -

1.2A@74V

GL300E: HDMI
GL300F: USB

GL300E: Built-in display device (5.5 inch screen, 1920=1080,
1000 cd/m?2, Android system, 4 GB RAM + 16 GB ROM)
GL300F: Tablets and smart phones

INTELLIGENT FLIGHT BATTERY

Capacity

Voltage

Battery Type

Energy

Net Weight

Charging Temperature Range

Max Charging Power

5870 mAh AN

152V

LiPo 45 - - g Tl
iversity

89.2Wh

268 g

41°t0 104°F (5° t0 40°C)

1e0W



CAMERA

Sensor

Lens

ISO Range

Mechanical Shutter Speed
Electranic Shutter Speed

Image Size

PIV Image Size

still Photography Modes

82

1" CMOS
Effective pixels: 20M

FOV 847 8 8 mm/24 mm (35 mm format equivalent) f/2.8 -
ff11 autofocusat1 m-ee

Video:

100 - 3200 (Auto)
100 - 8400 (Manual)
Photo:

100 - 3200 (Auto)
100- 12800 (Manual)

8-1/2000s
8-1/8000s

3:2 Aspect Ratio: 5472 = 3648
4:3 Aspect Ratio: 4864 = 3648
16:9 Aspect Ratio: 5472 = 3078

4096x2160(4096x2160 24/25/30/48/50p)
3840=2160(3840x2160 24/25/30/48/50/60p)
2720x1530(27 201530 24/25/30/48/50/60p)
1920=1080(1920=1080 24/25/30/48/50/60/120p)
1280x720(1280x720 24/25/30/48/50/60/1 20p)

single Shot

BurstShooting: 3/5/7/10/14 frames

Auto Exposure Bracketing (AEB): 3/5 bracketed frames at 0.7
EV Bias

Interval: 2/3/5/7/10/15/20/30/60 5

\w
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Video Recording Modes

Max Video Bitrate
Supported File Systems
Photo

Video

Supported SD Cards

Operating Temperature Range

83

H.265

CAK:4096x2160 24/25/30p @100Mbps
AK:3840=2160 24/25/30p @100Mbps
2. 7K:2720x1530 24/25/30p @65Mbps
2. 7K:2720x1530 48/50/60p @80Mbps
FHD:1920=1080 24/25/30p @50Mbps
FHD:1920=1080 48/50/60p @65Mbps
FHD:1920=1080 120p @100Mbps
HD:1280=720 24/25/30p @25Mbps
HD:1280=720 48/50/60p @35Mbps
HD:1280=720 120p @60Mbps

H.264

CAK:40596>2160 24/25/30/48/50/60p @100Mbps
4K:3840=2160 24/25/30/48/50/60p @100Mbps
2. 7K:2720x1530 24/25/30p @80Mbps
2.7K:2720%153048/50/60p @100Mbps
FHD:1920=1080 24/25/30p @60Mbps
FHD:1920x=1080 48/50/60 @80Mbps
FHD:1920=1080120p @100Mbps
HD:1280=720 24/25/30p @30Mbps
HD:1280=720 48/50/60p @45Mbps
HD:1280=720 120p @80Mbps

100 Mbps

FAT32 (=32 GB); exFAT (32 GB)
JPEG, DNG (RAW), JPEG + DNG
MP4/MOV (AVC/H.264; HEVC/H.265)

MicrosSD
Max Capacity: 128GEB
Write speed =15MB/s, Class 10 or UHS-1 rating required

32°to 104°F (0° to 40°C)

AUANT UNIINLI1ABULSADS
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CHARGER
Voltage 17.4V
Rated Power 100W

APP / LIVE VIEW

Mobile App DIGO4

Live View Working Frequency 2.4GHzI5M, 5.8 GHz ISM

Live View Quality 720P @ 30fps

Latency Phantom 4 Pro: 220 ms (depending on conditions and

mobile device)
Phantom4Pro™: 160-120ms
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a Yy

JupoulunisasauuuInaesauiinnuiAsesilo Agisoft Metashape Professional (64 bit) 911
Teigadl

1. Jawpdesie Agisoft Metashape Professional (64 bit)

El

2. 171 Workspace > Add Chunk vt o uil 1 usausa8nINE18 > Add Photos Lt eudial

AN

Workspace
BBRB OO X

Boe (1 chunks, 0 cameras)

k1 setacive

0 Duplicate..
Split Frames,

@ Enable Chunks

© Disable Chunks
Save Chunks...

X Remove Chunks

e g Erm—
Process * & Add Folder..
Export " Mg Add Marker
Import " @ Add Frames...
Remove %

Set Primary Channel...
& Set Brightness...
Set Raster Transform...

@

Set Drawing Plane

Property Reset Drawing Plane
Chunk 1 Reset Transform
Cameras

Aligned cameras - Rename...
Coordinate syst¢ J4 Reference Settings...
Rotation angles @) Show Info..

3. WeaiunInaieuda vin1sAaunnaIw AfnILEen Estimate Image Quality +Jun13

USTauAMATNIRININENY
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Model

Open
Open in New Tab

@ Enable Cameras
© Disable Cameras
Move Cameras. >

x

Remove Cameras

Align Selected Cameras
Reset Camera

2 g
View Matches...

& Filter Photos by Cameras
Invert Selection
Masks
Export Depth...

Check Paths...
Change Path...
Open Containing Folder

#| Rename..
@ Show Info..

DJI0122JPG  DJI0123JPG  DJI0124JPG  DJI0125JPG  DJI0126JPG  DJI_0127JPG  DJI_0128.JPG DJI_0129.JPG  DJI_0130.JPG

DJI0131JPG  DJI0132JPG  DJI_0133JPG  DJI_0134JPG  DJI_0135JPG  DJI.0136JPG  DJI0137JPG  DJI0138JPG  DJI_0139JPG DJI_0140JPG  DJI_0141JPG

lllﬂ'

DJI0142JPG  DJI0143JPG  DJI0144JPG  DJI_0145JPG  DJI_0146JPG  DJI.0147JPG  DJI0148JPG  DJI0149JPG  DJI0150JPG  DJI0151JPG  DJI_0152.JPG

Photos ~ Console  Jobs

4. \iie Estimate Image Quality t@5aud? ¥11n15 Align Photos 1un1sinmandnises uda
\HonnveaIn mmilauiuutasiwuuIaesanlAkuuanludalaglun Workflow > Align

Photos

File Edit ylew Workflow Model Photo C  j.4 A||gn Photos X
D= & % AddPhotos..
Workspace _& Add Folder... [ - ¥ General
o % kb ;
Build Dense Eloud... ACCUI’BCY: [H'gheSt T J
Build Mesh... M Generic preselection
2:;:3 iﬁ::’;j;’delm [ Reference preselection
Build DEM... Reset current alignment
Build Orthomosaic...
Align Chunks... - » Advanced

Merge Chunks...

oK | Cancel |

Batch Process...

5. i@ Align Photos L&@3aua ¥nsavuassuuiiin lngaan? Reference > adn Convert

Woldenssuuiing > iy WGS 84 / UTM zone 47N (EPSG::32647) > OK
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Workspace LS Reference 8 x
Pzgéﬁglgﬂm» 1'*""JL“‘E]’!"-;—4“;'37““!4-7“"
LGt Cameras de Latitude Altitude (m) ~ *
<] DJI_O12F0.197326 16.746518 134.870000
= DJI_012.. 100.197403 16.746372 134.970000
M = DJI_012... 100.197470 16.746242 134.870000
=/ DJI_012.. 100.197536 16.746117 134.870000
-% DJI_012.. 100.197602 16.745994 134.970000
M 4l D)_012... 100.197669 16.745867 134.870000
<& DJI_012.. 100.197737 16.745736 134.770000
= DJI_012.. 100.197806 16.745604 134.670000
-& DJI_012.. 100.197872 16.745480 134.670000
<& DJI_012.. 100.197921 16.745386 135.070000
-& DJI_013.. 100.197722 16.745293 134.770000 v
s 139 wd Convert Reference X
:Ic;i:::\:::‘:yr:(sem SVGS 84 (EPSG=4326)
Rotation angles  Yaw, Pitch, Roll Coordinate System
WGS 84 / UTM zone 47N (EPSG::32647) Y. Xr
Rotation angles: Yaw, Pitch, Roll v
Items
M cameras Markers
Workspace I Reference I l cancel
Reference g X
EEEEZ/QEHEHENE R
Cameras Easting (m) MNorthing (m) Altitude (m) Accuracy (m) "
=t DJI_025... 627622.106932 1851920.663225 179.062000 10.000000
=& DJI_026.. 627634441537 1851896481325 179162000 10.000000
=t DI_026.. 627644278151 1851876980717 178862000 10.000000
=& DIN_026.. 627655242060 1851855679675 178962000 10.000000
=& DJI_026.. 627665242800 1851836468973 178962000 10.000000
=& DJI_026.. 627675714584 1851816.246853 179.262000 10.000000
=t DIN_026.. 62T6B6.759T765 1851794737315 178862000 10.000000
=t DJI_026.. 627694856863 1851778.889876 179.162000 10.000000
=& DJI_026.. 627649152500 1851756036510 179162000 10.000000
=5 DJ_026.. 627637457732 1851779.690541 179.162000 10.000000
=5 DIN_026.. 627626872221 1851799623083 178762000 10.000000 o
£ >

¥

6. dermunszuuiitiauds seluidunmsdmuegamuanlifunmas denisusaqaliing

e

9

AIUANANANUAY

v !
A a a

UIAATUANNTIANUAUN

1vin1siusIusImn1aniuiase lagluil Photos mnmiiian
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Model  DJL01520p6 B

Photos & x
QOX AL RESMHE-
A A VTR NI M. TENT D B AR D XS AT RETYOW

DJI_0132JPG DJI_0133.JPG DJI_0134JPG DJI_0135JPG DJI_0136JPG DJI_0137.JPG DJI_0138JPG DJI_0139JPG DJI_0140JPG DJI_0141JPG DJI_0142JPG DJI_0143JPG

DJI_0144.PG DJI_0145JPG DJI_0146.JPG DJI_0147.JPG DJI_0148.PG DJI_0149.PG DJI_0150.JPG DJI_0151.JPG

TN

DJI_0156.JPG DJI_0157JPG DJI_0158.JPG DJI_0159.JPG DJI_0160.JPG DJI_0161.JPG DJI_0162JPG DJI_0163.JPG DJI_0164.PG DJI_0165.JPG DJI_0166.JPG DJI_0167.JPG

Photos Console Jobs

7. wllamnndi dynaiuauaiai uAula kay viinsuiseqa lngadanvanqeiiien > Add
Marker > 9gl¢ point 1 &4 point 1 duiinarenan n1snasviusingnanmvilalae m1dn
MNIRAAIUANMIATUAUVEB U > AFNYIINYATIARN > Place Marker > Ldan point 1

| dy < o o R Y wa aa 1Y o a v
wirillusunsunaeinnisiwiua point 1 Wdnlud@vemnainidl (wisewinisideu M lv

=~ P & v A oA Y 2 o a
mﬁﬂﬂﬂnﬂﬂqw INSIZUANARIALAGDULENUDE-UTUNANY LﬂJEJLﬁ@ULLﬁ’Jﬁ]%‘UﬂﬂgL‘UUﬁL‘US’J “ﬂ]k)
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P% Add Marker

[ PeeMarker % New Marker

] Clear Markers ' Select Marker...

Set Drawing Plane
Reset Drawing Plane

Capture View
|

AVANT URIINYIAYULTADS
Copyright by Naresuan University
All rights reserved
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Photos & x

QO X AL RESHE-

DJI_0131.JPG DJI0132JPG  DJI0133.JPG DJI_0134.JPG DJI0135JPG  DJI_0136JPG DJI_0137JPG  DJI0138JPG  DJI_0139.JPG DJI_0140JPG  DJI_0141JPG

BT T O L T O ol s

DJI_0142.JPG DJI0143JPG  DJI_0144.JPG DJI_0145.JPG DJI0146JPG  DJI_0147.JPG DJI_0148.PG DJI0149JPG  DJI_0150JPG DJI0151JPG  DJI0152JPG

I R N IR T

DJI_0153.PG DJI_0154JPG  DJI_0155JPG DJI_0156.JPG DJI0157JPG  DJI_0158JPG DJI_0159.JPG DJI0160JPG  DJI0161.JPG DJI_0162JPG  DJI_0163.JPG

A
Console  Jobs

TRV -1 &

DJI0131JPG DJI_0132JPG DJI_0133JPG DJI_0134JPG DJI_0135JPG DJI_0136.JPG DJI0137JPG  DJI_0138JPG DJI0139JPG  DJI_0140JPG DJI_0141JPG

BT T O O T A oAl il 2

DJI_0142JPG DJI_0143JPG  DJI_0144.JPG DJI_0145.JPG DJI_0146.JPG DJI_0147.JPG DJI_0148.JPG DJI_0149.JPG DJI0150JPG  DJI0151JPG DJI_0152JPG

I T RN R

DJI_0153.JPG DJI_0154JPG  DJI_0155JPG DJI_0156.JPG DJI_0157.JPG DJI_0158.JPG DJI_0159.JPG DJI_0160.JPG DJI0161JPG  DJI_0162JPG DJI_0163JPG

8. nsdifidyamuauaafiuiunatsyn Wrinisndulunmdndd point 1 udvnaad 2
9101 Add Marker sl W point 2 uag Place Marker iden point 2 vesmnlugl fians
Va4 point 1

9. ile mark 3AATULED Y1113 Align Photos Snas Jumeustieluanifunisads Scaling &4

Y

Lﬂumiﬁmummmﬁgﬂﬁaﬂﬁﬁ’uLLUU&j’waaqamﬁﬁ A PAINTEHLNIITENINADTIINUT I

9

NUNADATINUINED AUN15d518 Scale Bar 919049 Reference 1ae na Shift 9 point 1 uag 2 >

AANYI > L@en Create Scale Bar > aglannunseyziieszning point 1 uay 2 19
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s

Scale Bars Distance (m) Accuracy (m) Error (m)
Total Error

Control scale...

Check scale ...

Workspace I Reference I

o

Markers Easting (m) Morthing (m)
[] P point 1

Bl od point2

O B point 3 M Add Marker

] P point 4 E; Create Scale Bar

1™ point 5 Move Markers

O point& | X Remove Markers
Total Error

Control points
Check points P¥ Filter Photos by Markers

Remove Projections

Invert Selection

=7 Rename..

< @ show Info..

Altitude (m)
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| <

S

Scale Bars Distance (m) Accuracy (m) Error (m)
] E| point 1_... §27.050000 0.001000 0.020716
Total Error
Control scale... 0.020716
Check scale ...

Workspace Reference

10. 19%11n15 Create Scale Bar ASUAILTABINISHAD AITIT save NoUnlenss tnglui Tun

File > save as bARNTLAULAING save

11. 1ile save 1Seuiosuainauluil Workflow vin1s Align Photos Tustdnass tielmduly

ANUANNNVUALINIALA

12. #a991n%1n15 Align Photos wan sioluagiduduneu Build Dense Cloud Lilatfingduau

90l AY Tie Points (@9 Tie Points 1#1191nn13 Align Phots) Tagluf Workflow > Build

Dense Cloud
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[Workfiow | Model Photo ¢
% Add Photos...
"o Add Folder...

! Align Photos...
-|_Build Dense Cloud... |
Build Mesh...
Build Texture...
Build Tiled Model...
Build DEM...
! Build Orthomosaic...

1 Align Chunks...
Merge Chunks...

Batch Process...

bd Build Dense Cloud t
- ™ General

Quality: 'High v
- ™ Advanced

Depth filtering: |Aggressh.re - |

Reuse depth maps
[ calculate point colors
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13. dgandeya point cloud MviN15a$1e lagluil Dense Cloud > AdnuIden Export

Dense Cloud audenlnduiuanaiifeanis

Workspace g x

oMb s
Workspace (1 chunks, 139 cameras)

hd Chunk 1 (139 cameras, & markers, 149,238 points) [S]
Cameras (139/139 aligned)
Markers (&)
== Tie Points (149,238 points)
. Dense Cloud (5,627,311 points, High quality) I

" Set As Default
" Duplicate...

7< Remove Dense Cloud

Compact Dense Cloud...

I Export Dense Cloud... I
Restore Dense Cloud...
Update Dense Cloud...

Lock Transform

=7 Rename...

@ show Info...

M save s
+ ] This PC Local Disk (E:)

QOrganize ~ New folder

i Desktop Mame

Downloads

B Documents
B Pictures

B iCloud Drive

B dji phantom

d point cloud
m. align UTM dense doud high clear files
m. align UTM dense doud high.files
m. dense doud high.files

7 andlaame align U dense cloud high clear.files
Elt

B Height80m_Over
B s

OneDrive

n. align UTM dense doud high aaddsirie.files
. align UTM dense cloud high.files
. dense cloud ultra high.files

n UTM dense cloud high clearfiles

120m. align UTM dense doud high.files

: ASTM E57 (*.e57)

~ Hide Folders

ASTM ES7 (*
Topcon C
ASCII PTS ¢
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1. W130ANTSUAILNAMANTULIAIS ATIN 37 UsedUnisAine 2561 . Unuvig

n3ewtle duavaeds gnaunsing Jaindivadan

2. ihsmteusu OpenStreetMap Contribution by JOSM Jufl 9 wwieu 2562 A

LNUATANERNS UNTINYIREULSAIS 1n8 OSGeoTH

Uszaumsaln1syineu

A aa

1. 9aiununn18lsssaunas Ny d1sazdidteyalsvinveinisuazdan

& o w

d519 MelduIIN NILUANG 1A

2. Iuunlszianvesenmskarasgnaiie nelausen wunwoesitale (Ussna

Ine)

3. WUanIWnNanIveInIAnNIsRARNUNIINeNS8ULTAS it ludeneg1uia Tud

ASANWN 2560 kagyinvunntudeadiafinis Tutnisanen 2561



