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Abstract

Large-scale (1/1000) topographic map is one of the important geo-spatial
data in Taiwan and it has been extensively applied to different domains.
However, traditional 2D topographic map only provides planar coordinates and
limited information about height, e.g. the number of building floors. In order to
develop the necessary infra-structure in geoinformatics for smart city
applications, the Ministry of Interior has been promoting 3D cyber city and
related studies since 2006, including 3D building modeling, 3D road modeling,
3D model updating, technical planning and multi-scale model integration.
Therefore, it has a great potential to extend the existing 2D topographic map and
city models to 3D topographic map.

The core objectives of this project include: (1) analysis of the demand of
3D topographic maps; (2) development of the 3D mapping techniques; (3)
value-added applications using developed 3D topographic maps.

The major works in technical developments and applications are: (1)
developing and comparing 3D mesh- and solid-based topographic mapping
methods for the critical targets; (2) improving degree of automation or
efficiency for 3D digital topographic mapping; (3) increasing multi-scale
information and performance for the critical targets using aerial and terrestrial
remote sensing data; (4) developing and applying the platform of integrating 3D
in- and out-door building models with Internet of Things (1oT).

The major works in promotions and validations are: (1) collecting and
analyzing the related literatures, (2)proposing the procedure and guideline, (3)

proposing the strategies and cost analysis, (4) highlight the challenges and
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potential solutions for 3D topographic mapping; (5) realizing the 10T standards

and interconnection technologies; (6) supporting the disaster-related projects.
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. 3D City Database Importer/Exporter : New connection
File Project View Help

Import Export KMLICOLLADAJEITF Export SPSHG Defabase Preferences

DiR esearehiModel ityGMLWZK-Haus LoDd-KI T-LAI-KHH-B36-V1 (WGS84) gml

Brovse
Remove
Versioning
Worksgace
gmlid
O choose [VUID_D6439b1-8205-4Tee-babil-ed] 21 Teee
Complex Fillr (shecked options ars AND-linked)
[ gnlname
choose
[ it
fom# 0§
[ Bounding Box
enmn Reference syston. | Some 02 dn databese
e
e
Tmport Tustvoldate
Realy PostgreSQLBotFIS databace comnected
a = sl % N /\ -
A |
| 3D City Database Importer/Exporter : New connection
File Project View Help
Tmport [EXHGH] KMLICOLLADA/ITF Export SPSHG Datebase  Preferences
CllserstuseriDesktaplest gl Envs
Versioning and coortinsts ransfommation.
Workspace Timestuny (DD MM YVE)
Referonce system | [Default] WS 84 v
nlid
O choos [ElecConsumptionTuneseries
Complex Fillr (checked options are AND-linked)
galname
chooss | ElecConsumption
[ cityObjectember /sppearanceMember / festarelember
somd w#
[ Bownding Box
en Reference system [Same ssin daisbass
Tomin o
Ymin Vs
© [ Fostus Clusss
[ | CityObect
i ] Bidge
Builling
- [ CityFunitore
CityObseGroup
i | Generi:CitObiet
Lendlise
i | RelietFeatune
Transporttion
b Tonel
Vegetation
WatexBody
Export
Resly PostereSQL/PostO1S datsbase concted

© FHEN A6 1

30 City Database Importer/Exponter - New cannection -
!

o x
File Project View Help
Imgodt Export KMLCOLLADAMITF Expoct SPSHG Dibsben Posfecsnces s
(2042047 10| Gerinting databace sspox
Commeion [ | Tatatase Seport on 30 City Mole] - Hepart date: 2
v SAESTRACTT IMESERIES [l
Description Mew comnsrtion Ay - 1
[ o o AATTRESS, 0
AR 1
Paord
Copy 121
Dok 1l
Tiee ~ 9
0
Serr M
Fort [l
Daster  CityModslX :
Drxommct [ g
Ll
Deibce cperstans N
N ; s
»
Deisbece sjost Bcumding booe Tnderas: n
Generae dabbon meport 3
1T 1ae73
TECT_THUNITER ATEATE 0
#CITBIBCT_GBERICATIRID 540
] 0
0
[l
0
o
1
0
0
0
12
1
0
EY
Y
SFLAT_COVER 0
FRASTER JELIEF [l
FEELTER_CTMFONENT 1
TELTEF_FEAT_T0_TEL O0MF 1
FRELIEF FEATIRE 1
Resiyy FostgmSQLRoIE dambase connected| € ’

(b) FHEDREA G

| 3D City Database Importer/Exporter : New connection
File Project View Help

Import Export KMLICOLLADA/GITFExpot SPSHG Datbase Proferomces

C WsersiuserDesktopiest k. Browse
Versoning
Workspace Timestunp OD MM TYY)
Export contents
O Single object
glid [UTID_d251 dfo-4901-0f52-540b-doo 160 225402

@ Bounding Box

Q@ B K Refersnce system | Same as in database v
Tmin Timax

Tmin Timax
Titing

O Notling @ Avtomstic (O Meaval Rows |1 Colamas |L

Export from levelof detel ~ Displayes

Footpint visible from |0 pivels
Extruded visible from. |0 ik
Geomstry visible from. |0 ik
COLLADA/GITF visible from. 0 ik

AppearancelTheme |none | | Fetoh themes from DE:

Exgort

Ready PostgreSQLPOSIGLS database connected
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Browser Toolbar x ILDD ]
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30 View |
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e IfcFloor
E| CityGML WallSurface [1]
@ Bl Fewall
& CityGML RoofSurface [1]
@ 8 IfcRoof

Element Toolbar x
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Property Toolbar x
Elemert Froperties | Properties I
Mame | Value | Description
= Entity Information
bldg:wallSurface
CityGML WallSurface
3ttIHIcnEVBLyZYAAZBW
GUID (readable) f7defdbc-dabc-4e7c-bd15-f23884
Name bldg:WallSurface
- Description
- Object Type
- Layer Name
- Color --- Ma Color
- gmlid b_wall

-------- gml:description

B Contained in Building
i Building Name

E| Geometry

~@lod2
-] MultiSurface 1 Surfaces

3 Face

Face Normal 0.999620, -0.027576, 0.000000

-E] OuterLoop 4 Paints

Point 306406.060000, 2770301800000, ...
Paoint 306405.700000, 2770288.750000, ..

Paint 306405.700000, 2770288.750000, ...

Paoint 306406.080000, 2770301800000, ...

= Calculated Values (lod2 - bldg...

- BoundingBoxLengthX 0.36 [m]

- BoundingBoxLengthY 13.05 [m]
BoundingBoxLengthZ 14.87 [m]
Surfacefrea 194.137

- Centroid 5.94818e+07, 5.377%e+08, 4257.02

<gml:name>Simple 3D cuv model LODI without Appearance /’_ml name>
<gml:boundedBy=>
<gml:Envelope srsDimension="3" srsName="urn:ogc:def:crs,crs:EPSG::25832,crs:EPSG::5783">
<gml:lowerCormer>458868.0 5438343.0 112.0</gml:lowerCorer> | S =] v
<gmlupperCorner>458892.0 5438362.0 117.0</gml:upperCorner> | E ;H'ﬁ élé*m
</gml:Envelope>
</gml:boundedBy>
<cityObjectMember>

<bldg:Building gml:id="GML_7bla5a6f-ddad-4c3d-a507-3eb9ee0a8e68">
<gml:name>Example Building LOD1 </gml:name>
<bldg:Tunction |

codeSpace="http:} www.sig3d.org/codelists/standard/building/2.0/_AbstractBuilding_function.xml">1000</bldg:function>
‘ uction>1985</bldg:vearOfConstruction>

i

EINREEY

| <bldg:roofType
codeSpace="http://www.sig3d.org/codelists standard‘lmildinz"l.L‘_Absu‘actBuilcling_roofl‘ ype.xml">1030</bldg:roof Type>
<bldg:measuredHeight uom="#m">5.0</bldg:measuredHeight>
<bldg:storeysAboveGround>1</bldg:storeysAboveGround>
<bldg:storeyHeightsAboveGround uom="#m">3.0</bldg:storeyHeightsAboveGround>
<bldg:lod1Solid>
<gml:Solid>
<gml:exterior> |
<gml:CompositeSurface > %=
g<:.. FacepSide 15, T EEAZMER
<gml:surfaceMember>
<gml:Polygon>
<gml:exterior>
<gml:LinearRing>
<gml:posList>458875.0 5438350.0 112.0 458885.0 5438350.0 112.0 458885.0 5438350.0 116.0 458875.0
5438350.0 116.0 458875.0 5438350.0 112.0 </gml:posList>
</gml:LinearRing>
</gml:exterior>
</gml:Polygon>
</gml:surfaceMember>
<!--Face Side 2 —>

BRI

Bl 4-3-2-5 ~ GML 7 4L 54 505
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(Building Usage Type) ~ £ i¢ # i» (Year of Construction) ~ &35 # i» (Year of
Demolition) ~ £ "8 #g 3| (Roof Type) ~ = & & & (Measured Height) ~ ¥ + &
% #c (Storeys above Ground) ~ 3+ = & #c (Storeys below Ground) ~# 1+ %
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S5 75 g
5, 1050 |M4is & 7E
6. 1060 |H # & 5 578
7. 1070 [# #

CityGML *i37 % ¢h% B 5% A+ BT H
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5
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RN 7S EAEN

5] (Building Installation Class Type) ~ 5 & % % # & (Building Installation
Function Type) ~ % & % & * ¢ (Building Installation Usage Type) » # $jiv,
Sle gy SRERHUAANBRTER S S EEYFU LA B IcL

4-3-2-3 -

% 4-3-2-3~ 5 REE BN

5L g T

1. 1000 |[TEHET B MR
2. 1010 |E -k

3. 1020 |TRHRIF % 24
4. 1030 |~ 5248

5. 1040 |% B g 5

6. 1050 |% & RlF 45

7. 1060 |4 Rk 2t B

8. 1070 [T %)

9. 1080 |# @

ii. PR 4y 58 P
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(TransportationComplex Function and Usage) > 2 # #1i& F e il #5540 % A
2o 53T 4 4-3-2-4 - A Poedp 3 1R B RARRM 2 R AR R L
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AP F = AF RTEFBeLELZ 2

441F PR 2 R0 4RI

AFBZ MBS e T REL R d NS BETRL G A
£ £ 7 12 (heterogeneity) Jf 14 B "% B 38 R0 S g B g TR e AR E
EHWLR TR BRETRELATHUCEF I A T RA S HRETHE
ZAR VRSB LR AT E T - ERSHE RN SR
2742 % > 23, 2 Open Geospatial Consortium (OGC) SensorThings API
£ (FH R P 2 F iF o OGC SensorThings API i & £ *> OGC
Observation and Measurement (O&M) % Sensor Model Language (SensorML)
] 2 4 T e TR 0] 0 2 A0 Organization for the Advancement of
Structured Information Standards (OASIS) Open Data Protocol (OData) & & ]
T_H 40 B e e PLPR GRS To FIRb o AR EOT H G B AN e P e e PR AR
OGC SensorThings API i¢ * z_ TR = AE 2 i * > 2 H R pRIEL 2/
B R s BT A o gttt B ITE BN R ORI M AR 2
o > WP npgET iRz 4 SR pEerre g OGC
SensorThings APl it 5 i & H B e g P T AL B R 2 =8 4 6 > fot 82 3

B2z R L RS

10

- ER2PHFE S S > A E R #4345 OGC SensorThings API
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FoREEE SR RRIRGE TE AR H o ¥ - %% OGC
SensorThings API £ #3 & Mg BRI TR ER L2 £ R =2 % - wiRE
Z_ e RLPRIFR 722 Java 2 JavaScript /i P o @ % 2 iR 0 e B e

4 ﬁ{vi}—’ (fpv}%

e
(\s
é
ETIRS

Ao BANAR R 2 RRJRIET o FHLR N F R
A EE 2 PRI e 0 B PR U - R AI S EREEE > b
doif B EE K TR R I AR HECEE - ¥ o KRR

=

h\

"

ey A RF L FHRNTERE S22 LR RE B
AERGHY CAREFLLFHEL LN A8 o P RAC R
VRFETT SRR LY
A& & % B¢ OGC SensorThings APl & JRA% 5 = B f 172 ) o B
2 Hwk 5 f1* © E OGC @ 2 4 ® Fraunhofer 10SB % - % OGC
SensorThings APl $gepR7xF vl 1945 % - W BT fpe (7L - R p
ARFTEQFAERZE L (QRBRIRE A6 2w W 2 Q)b mrkE
Frlts €2 @ 4o % = %% SensorThings APl 4% 345 A5 5 — SRR 2 T
AR AR 4 TR 28N o el 4-4-1-1 A o d Thing i g 3
TaskingCapability > » TaskingCapabilitiy i# 4 T 7 "3 7 R & # i 2

Actuator- % = =3 | ¥ i 1§ £]2= TaskingCapability z_ Task & {7 % % 2_ 4741 o

thttps://github.com/FraunhoferlOSB/SensorThingsServer
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TaskingCapability

Task +hasTasks +taskingParameters: ANY[1]

+taskingParameters: ANY[1] 0.. +name: String[1]
+creationTime: 1ISO Time Instance[1] 1 | +description: String[1]

+createdBasedOn | *Properties: JSON[O..1]

0..*
+
usedBy 0.* +hasTaskingCapabilities
1
+uses
Actuator 1 | thasAThing
+name[1]
+description[1] Thing
+ecodingType[1]
+metadata[1]

Bl 4-4-1-1 ~ % = % OGC SensorThings APl L -4

it T R AR g LR PE > 7R B2 @ SensorThings API & 3 e
RESTful $ 8 PR3% /4 & » &]4eF Jh2 CRUD (Create, Read, Update, Delete) &
P IV R EREOERENG o P REWHALE T - KRR
v B % A 2o Bt SensorThings APL JRFEZ it p #s (v -2 & =horfad

2. Task § %8 4 3% % 3% TaskingCapability 2 1~ mi e X ¥ o » T2 7 Bix o
BEARAR I T KR KR TP B RS R R BAr @R (T
EATEARFR TRRAEERLE Y U ARPALE T P EeEE
AR S e

p e B3 OGC SensorThings APl % = &z #g3) » ¥ ¥ %6 £]2& Task
B RE 2 CRFZ A EBREREEZ RN 02 7

Philips Hue # £ “ /2 ~Belkin WeMo Switch % £ #& & ~ 2 Panasonic IP Camera
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)
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# T2 g5 o ¥ OGC i» &2 B % = %% SensorThings APl z2_ /i & » & &k A

B > ng e g 3R

4.4.208 355 4 B e AL A K 2 B B
% it OGC SensorThings AP {1 2_ 1 5 4 e e PRI HRIF 71+ 4 55
PLAHERER AL RELE WL EL - 2 ER T A AR

ER2 G ¢ FEE LR RIB
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PRIRIAAENE o B Ak MRS EE 7 E T 91 ZigBee ~ Bluetooth £ 5 E
® 2. NB-10T ~ LoRaWAN -~ SigFox % o @ g pR7:A BT 5 3 B e 3 h e
MY KA R RY > RESFHMERRITHL AREEE SHMELE S
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AT 20 F % BELRE NP HPAFER - R A e
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1%

EERE MR UEFBRET L BRSE R o ¥
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PV A KA e B N AR 2 ok R e

N

B R LRI AR SRR B A1 0FIE P KD
EERE 2 P R 22T QRESME LR
AR R s R Q) p B BT A BEARA o d 20 02
% 73t OGC SensorThings APl -8 2 si b2 > AR > 2 & *
SensorThings APl 2. #4442 JSON % 5 5 & 4% 2 T AL 4@

4-4-2-2 #75 o

ObservedProperty

Sensor +name: CharacterString
+definition: URI
+description: CharacterString

+name: CharacterString
+description: CharacterString
+encodingType: ValueCode

+metadata: Any 1 | +observedProperty
q | +sensor
0.* |+datastreams
+datastn s Datastream Observation
+name: CharacterString +phenomenonTime: TM_Object
0..* | +description: CharacterString Fdatastreamn +observations ::zz:rﬂi TM_Instant
+observationType: ValueCode - Any
0.+ |+unitOfMeasurement: JSON_Object 1 0.* :Lﬁﬂ;@muglf;‘;ng&i'zEe%wnﬂ
+ob! dArea: GM_Envelope[0..1] ime: Thi_
+datastreams | +phenomenonTime: TM_Period[0..1] +parameters: NamedValue[0..*]
+resultTime: TM_Period[0..1]
+observations
0.
1 +thing
Thing
“+name: CharacterString +things s
+description: CharacterString 1 +eatureOfinteres
+properties: JSON_Object[0..1] «CodeList» FeatureOfinterest
0.* +things 0. *historicall.ocations ValueCode +name: CharacterString
HistoricalLocation +description: CharacterString
Ttme: T™ 1 +encodingType: ValueCode
0-* | +iocations time: Th_Instant +feature: Any
Location 0. +historicalLocations
+name: CharacterString +location
+description: CharacterString
+encodingType: ValueCode 1.*
+location: Any

Rl 4-4-2-2 ~ OGC SensorThings APl % — 5= F #1 #7]

Mo RIERZ R B R R & AR L ¥4 ZigBee-ZigBee M s

0%

Mg F P M A2 @R AT AP B ¥ L2t a - 5%k
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Arduino UNO ~ DHT22 8 /R B R B B ~ 2 ZigBee i 2 -2 F 175k 3 o #7i&
B PWELET P BATONE FE 2R TR EES 2 THRBE
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opcrEion opcration gpcrthn
i Ko :
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: whle Gateway ;
i J Thload Creae DeEstmam | ;
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CSEBase 5 FR7+c{2 p 4% > p 7z % 1 Application Entity (AE)* 12 % £ 4 5%

HER A - B AE VT & 7 % B container * 1tk

It l?px%ﬁ—i] PE'_”E“—;% ° =
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resourceMame

contentInstance

contentInfo
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SensorThings APl *+ oneM2M 2z =+ #1473 (data model profile) » & @
oneM2M %75 ¥ ¥/ = SensorThings APl 3R A 22 h % > 35 i 8 4 A2 5
po#e it K-oneM2M FEd % ~ T SensorThings API e PRA% o F]pt » AJE 1
Fend B A ] Tt F FTORAECE] 0 4o B] 4-4-25 2rm o A AER TS
et % > ¥ T SensorThings APl 2. Thing » CSEBase # i+ 7 % i AE
27 Fenf Bt it £ 3 AE @ * 7 4 container %334 220 % B B
B %] 3E AT 4o
e " Thing Metadata ; container : %75 SensorThings APl ® Thing 7 %
2
o [ Datastream Metadata ; container : yt container % 3 % B
contentlnstance ¥ & © % % SensorThings API z_ Datastream> * 12
u] Datastream z vt — %] {4 17 4 resourceName» - Datastreaml | -
" Datastream2 ; - contentlnstance p #-& 7% SensorThings APl ¥
Datastream ~ Sensor ~ ObservedProperty #* = % w2 B4 o
e Location | container : j* container 7 % % i contentlnstance #s it 3%
Thing % & B pFRF 2L2. Location » F]pt #7132 0 % ¢ 7 Location
2 fh a2 time pERF 1o ot container 22 F3E & 2 SensorThings
API 2_ Location % HistoricalLocation -

o ' FeatureOflInterest jcontainer: #* container i+ 3 % i contentlnstance
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Ha iR T ERLIP| 2. 4 g~ (Feature of Interest) 1+ - 4% #7153 Observation

v Datastream #i— @& %] 33 5 & L2 container @ ' % container 2z % i
contentinstance &% 3 3% Datastream 2 ggLip| % # (Observation) p % o % 7
SensorThings API 2 Observation /% ¢ » gt contentinstance 7 7 %
Observation #7Lip| 2 4% #c 4~ (FeatureOflInterest) iz 4k » 12 %5 i Observation £

FeatureOfInterest z_ B % - ¥ ¥ » #:iF# * Datastream r&— 2| & 1%

Y
-

container & 4L - 7 ¥ = = Observation ¥ Datastream ¥ 2_ 7§ B 1%
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BFp B RS - oneM2M P AR i S R R RS 2 TR E RS
SensorThings APl 8% R 5% - [B] 4-4-2-6(a) = ** oneM2M T = £]:& AE/Thing
2. HTTP POST 3 %x’;n B 4-4-2-6 (b) & *t OM2M T 5 #74iz e— B 7 5
s FRlEbge ) 0 B¢ T B2 Thing_Metatdata 2= " con ; (contentInstance)
o it 3% Thing 2 Bd o B 4-4-2-6 (C) 5 i #7 B 4 2 p & 3 42 5% 4]
4-4-2-6 (D)7 # & 7 Bz % b4 2 SensorThings APl JRF%2_ = % o

FREm T 0 AL IFIE PR A A S e A 2 2 g
- f& 5 # SensorThings APl % Riif B A 2 %% K » - &5 ¥ &
SensorThings APl £2 oneM2M &2 o pb 5 & v % 7 s =0 BB AV o B e AL A
ER 2

Zd
B A TR B RSN PR AHER P

in-name
acp_admin Attribute Value
Thing1 r Thing_Metadata
Thing_Metadata
Thing_Metadata
Location
Location1
Datastream_Metadata
Datastream2 o 201808 30
Create an AE (Thing) Datastream1 . o
POST http://127.0.0.1:8080/~/in-cse Datastream2
X-M2M-Origin: admin:admin 82::::::2:;
Content-Type: application/json;ty=2 e ¢ AirQualty_Metadata
¢ Datastream1 s 313
"m2m"{ Observation1
"api":"Thing1", Observation2
"rr"; "false", FeatureOfinterest
rn": "Thing1" FOI1
} FOI2 ;
} FOI3 TWE

() oneM2M £li2 AE z i 6] (b)) OM2M & 2 fAR“ihlE 2 % § & F iRl T A
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{

"name": "Z“#£",

"description”: “IRIRFTRMEESL-ZH",

"properties”: {
"AreaName": "PEfZERE",
"SiteEngName™: "Erlin",
"SiteName": "#f£",
“Address™: "E{LERTHEEITILEE",
"Township”: "HF8H",
"TWD97Lat": “23.925175",
"SiteType": "—fuBlug",
"City": BALH"
"TWD97Lon": “120.409653"

3

s

"Locations@iot.navigationLink": “"http://140.115.111.128:8088/NCUSTA/v1.08/Things(13)/Locations™,
"HistoricallLocations@iot.navigationLink": "http://14€.115.111.128:8@80/NCUSTA/v1.@/Things(13)/HistoricallLocations”,
"Datastreams@iot.navigationLink": “http://140.115.111.128:80808/NCUSTA/v1.8/Things(13)/Datastreams”,
"MultiDatastreams@iot.navigationLink": "http://140.115.111.128:8089/NCUSTA/v1.0/Things(13)/MultiDatastreams”,
"TaskingCapabilities@iot.navigationLink™: "http://14©.115.111.128:8880/NCUSTA/v1.0/Things(13)/TaskingCapabilities”,
"@iot.id": 13,

"@iot.selfLink"™: "http://140.115.111.128:8088/NCUSTA/v1.0/Things(13)"

(c) p #>#&4& 3 SensorThings APl R34z Thing § 48

@] 4-4-2-6 ~ SensorThings APl ¥ oneM2M # & gpv )

AA3F R = wF p MR B ERREL FET
AMLTARE FAMPMF o F ARG Z P AR S B

zgﬁggi‘*uﬁ‘;a H ik BLA 4T o ATE L T2 % PR

Y

AR i i)

ﬁ%#ﬁéﬁiﬁiﬁﬁ’&%@*%%i%@“ﬁ@*%’%éi
FEEE RS RE R A SR RN RSB AL @
BES RS AR e T RGN 6

Dynamizers i * 7 4 » 5% 7 5% > #-OGC Sensor Observation Service
(SOS)4e » CityGML =34 504 78 4 # (Chaturvedi & Kolbe, 2016) - % i &2

SOS z_:# % » p* CityGML #3582 = fir| v 2 4= 2 » 2 7 NBEFH R 5
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(Deng et al., 2016; EI-Mekawy et al., 2011) » & 8 ¥ 2 % %2 = 22 F $ A
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Foif A R AIR o F]P o @ RINE A MI T IA0D 50 T e A
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(7= MR e e m el B L 2 Eye s 2
AR VBT EFIETRES 2 B R b o A1 TE T2 BN P

Bla A% b T T REEFR BT Y TR TR LIRS R

2% % Arduino Uno i 41 % ~ DHT22 8RR B B B ~ 2 ZigBee 2
XBee i fiiieE = o fig BRI L sed] T Mol 45 XBee i U ficeaE = o
TR E R ATIEIR 2 Gr B e g i R Wik 442 ) F0rik 2 % - fAR
Ay EeEpEs o FER U ZigBeed A > BIEFTAIMEE LB ER
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MECA 2 P EREEE ) o  BRE I HERELE S 2 kR D

SensorThings APl JRF+B~F B RTenf RAR TR > T B3P 22 g 2

96



PFCR 107 £ R Oz Ap VRFTHEFE L TR

~-  EENTHTEE . )

<2 rg%, 20 Underground Floor Plan of East Metro Mall @

Bl 4-4-2-8  # W LR G

97



PFCR 107 £ R Oz Ap VRFTHEFE L TR

\ . ,
A UCKCL Y TR N W& \%&vkﬂmxf*x‘\*k

(@ BRFTH

STA_Taipei_00006's Humidity

11111

(8) § & T & i & BT (b) £ & 4 i & L

Bl 4-4-2-10 ~ = A E S g 2 AT

At F TR L PR PR E B ie s E i de 2 o pE A R

-

N~

NEDEF G ATMG o F A AL SR IR L RIT AR

SensorThings APl 4 JRF+1: T4 > B A 97 % 2 L84k o R 4 2o

o )

98



popTdn 107 # B = s *l,]%]pr‘,iﬁ&’@ 1 fv%

LB LT R B RAEFS e R T 2 2 SensorThings

APlz % &  HARRFad Htaud ¥ hfdAi-> % 34 2pi!
PREG A @A R ERZETME o oa AP F TR B e

EARRIT PS8 B2 S 2 o pteh s AR TAY £ 2R T
Bz 2 fAlFE AL RSP DL AR F R S o

AP RAITLE SRR EREATEL I TARE 2

\\\ﬁr

¥ o

AT A EF 4 BB REEHER 2 HFLR
AR AL ABBEEAED FLHE B k40T
1. MDPI Sensors > %2 F @ An Automatic Embedded Device Registration
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ABSTRACT ... There are several representations commonly used for bulding models such as wire frame, parametnic,
mesh models, and s0 on. This research proposes a two-step, coarse-to-fine strategy to create three-dimensional models of
licated X 1s = or archeologzical sites based on pomt clouds data. The proposed approach creates a
sparse model first and then the fine geometnic details will be added zradually. In this study. dizital single-lens reflex
(DSLR) camerz 15 used to collect the orizinal image data of targets. Then, 3D point clouds are generated from these
images using Structure from Motion (SFM) algonthms. Parameters for constructing parametric models are identified
from the pomt clouds. Moreover, Poisson surface reconstruction 15 camed out to generate mesh models. The integration

of p 1c and mesh models 15 the major subsequent task in this research, which mcludea three steps. Fltstly detect

boundary pomts for fing p

surfaces of the parametric models Fmally, a new mesh model 15

dels and mesh models. Next, anewj

on the pr ted
ted in the pre-integrated space. The result

demonstrates a hybrid model of complicated buldings with different Levels of Details (LOD)

KEY WORDS: Model Reconstruction. Parametnic Model, Mesh Model, Level of Detail

1. INTRODUCTION
1.1 Background

Table 1. Characteristics of parametric model and mesh

Nowadays, many cultural heritage app
3D reconstruction of real-world objects. Over the past fen
)eaxs n has becom mcreasmgl) popular to use 3D

representation. Comtrucme Solid Geometry (CSG) and
spatial enumeration (Brenner, 2003) all descnibed the
geometry of a reconstructed 3D model The visualization
of boundary representation model works faster than spatial
enumeration model. Moreover, CSG model 15 difficult to
present complex buildings because of the fewer
requirements of parameters than boundary representation
model (Pu et al., 2009).

Parametric and mesh models are two different but
boundary of stuctwe
reconstruction. Parametnc model 15 usually used to
desenibe the simple bumlding types. such as plane, sphere,
cylinder, and so on. Mesh model is composed by mangles
that are performed to recover complex objects from parts
in detail. By mcreasing point clouds density. complicated
surfaces can be modelled as well Thus, mesh model 15
often used for cultuwral hentage sites preservation, such as
the Etruscan necropolis of Tarquimia m Italy (R di
et al.. 2010). Nevertheless, it may lead to a large amount
of data st ze when the entire structure
with mesh models and are also challengmg to establish the
properties for each structure. The companson of the two
models 15 summarized m Table 1.

model.
Parametnc model Mesh model
Pros |- Lower data storage Representing
because of representing the complex
B i B tﬁ}:: ;zple geometric surface well
Object-based model
Cons |+ Can not represent the Larger data
complex surface very storage
well . Non-object-
based model

1.2 Objectives

This research proposes a two-step, coarse-to-fine
strategy to create 3D models of complicated buildings wath
pomt clouds data. Firstly, a basic model based on the
object’s panmeﬁers or elements will be constructed and

d as a bare-b model. 5 dly, fine g tric
detmL that presented as mesh models will be added
gradually. Therefore. the main objective is to consider the
approxmate skel of the building objects as well as
retaiming the detailed charactenistics to mcrease the levels
of detail.

This paper 15 structured as follow: Section 2 explams the

tric feature extraction as well as a new standard of
LOD: for hybnd model which 15 developed by discrete
degree complexity. Most important of all, coarse-to-fine
model integration are elaborated Qur approach has been
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Abstract. Road inventory is an inportant infrastructure for the mtellizent ransportation
systam The mobile mapping system 5 an advanced technology to collect high-quality road

data efficiently. Tbob]mofdnstwchxswmamedlntoemmhmad
mventory using the mobile mapping system The major works of this study inchude data
preprocessing and farure extracton. Data preprocessing is used to improve the acamacy of
nmmmgc&mgsmmandBDmmmshmmmecm

road point selaction. road mark extraction. and object measurement. The test data was acquired
by Optech Lynx system The experimental results show the potential for using a hdar-based
mobile mapping system in road imventory extraction. The experimental results indicate that the
registration error can be reduced to Scm after co-rezistration. The automatc fltering is able to
select ground point efficiently. Moreover, the mobde lidar system is capable of creatng a 3D
road inventor wherein the root-mean-square-error of road mark is greater than 20cm. The
digtized road marks and road objects can be integrated with geospatal data for analysis and
3D wiswalization.

1. Introduction

The three-dimensional road model is one of the mmportant infrastcrures for Intelligent Transportation

S)m(n’Ss)andespanaanmnonSym(GSs) The applicanons of this road model
include gansportation management maintenance, planning analysis, navigaton, etc. Tradigonally,

collecting road imventory is a labor-intensive process, as it requires on-site surveying, e.g averse

aurveying and leveling surveyinz. Hence, the development of highly effident road mventory

collection is imporant for ransportation management [1].

Road mmventory [2, 3] includes geometric properues and attnibutes. Geometric property depicts the
length, width, lane, direction surface, road objects (e.g. traffic lighe, Light pole). etc. It requires precise
measurements to obtain reliable measurement data. Arribute property 15 the description of the road:
for example, the road name the road matenial the road type, and the road status (eg.. public or
privately-owned road). This type of property usuzlly needs field work to obtzin the semantc
information.

Remote sensing is a useful techmology to acquire land cover data efficiently. The platforms of
remote sensing can be a space-borne, air-bome. or terestmal sensor. The increase of platform alimde
will reduce the spatial resolutnon Therefore, airborne and terrestrial sensors are often applied in road
network data acquisition. The active Light Detection and Ranging (LIDAR) and passive optcal sensor
are the two conunon sensors in road network data acquisiton The lidar system provides 3D point

7] Content from (his wodk may be wsed pader S farms of e Crestive Commoes Alirdetion 3.0 licmae. Ay hther disreton
B of this work mest maintain 2300 10 te 2athon ) and e tile of the work, joumal ceation snd DOL
Publisted under icence by IOP Pedlishing 1.44 1
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% 3D Map
® e.g. 3DMap Norway
< 3D GIS
m e.g 3DGIS China
%+ 3D Cadastre Mapping
m e.g. 3D Cadastre in Slovenia
m e.g. Multipurpose Cadastre in Malaysia

ﬂ@ VK 8 @il##k&ﬁ%‘ﬁﬁw

@

RS, LAT R
NCTO epe,

R, AT 5
R ——

B A% B ot LtBRabMI

B 6 e A 9 )

< Smart City
= Energy and Resources
m  Real Estate
m  Urban Operating System

e

&

3

RS

2o

% Collaboration and
Decision Making

% Communication and
Visualization

% Improved Accessibility

% Urban Planning

B ¥ ) 8) 64 = 4 IR (3D Services)

> ZHBEERMTR R T AR TR - Lk
THENRUZLIRBORR - ZREBRS - BA
AR ~ T EE AR - BB SR
< Dassault Systémes
m GEOVIA hip
m  e.g Virtual Singapore
<« Airbus Defence & Space
= 3DMosaic: Multi-sensor support

o

ww.3ds.comiproducts-scr

m  PixelFactory:Stree(Faclory hitp:

w intelligenee-airbusds comsstrectfactory!

m  e.g Saudi, Toulouse(France), China.

Mh & & poshan. @) S
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3D CITY MODEL

BEHAE, L ATHER
National Ghiao Tung University, Department of Civil Engineering

B T
o o Lo e =
x s DT DSl JHEG
Australia 2015 FO0Y . o, ender
Usa 203 ton> fiso K7, Shapsic
Germany 2013 Lov: e CinGi 20
- Relgium M4 rona il e GGy, 1
DA Shlie,
- K o e ot s
e o
CEredericton | Canada 2006 Lovz e Kz
P (o ; i
—r

3D City Model (1/4)

B BB 8 oo LskBIGMI

G RS, LAT &R
NCTH, Do of Crvl Bgneering, i

CEER e @)

- Germany 2017 100 Jand
Finland 2016 LOD2
Austria 2011 LOD2
L rance 2012 1.OD2
- Canada 2009 LOD2
- United States 2015 1.0D |
[

— s

3D City Model (2/4)
[ s | comorv [ vear PR PN | e

Tewmin,
e
temrain (JIN
in CityGML
format)

Raads, lals,
parks, water,
femain

true
false.

frue

false

false

e

footprints | CHlyGML 2.0
LiDAR
CityGML 2.0
CityGML 1.0

CilyGMI. 20

Photogrammetry CityGML 1.0

Phalogranmeiry
in cambination

withexisting  CityGMT. 2.0
public 251D

dulasets

Cadasue

Toonuints+  CityGML 2.4
LIDAR

3D City Model (3/4)
[ me | e[ e s B

re
- Lnited States 2016 LOD 2 false  tootprints CityGML 2.0
LIDAR
Cadasire
Taalprints,
LiDAR, aerial
S § . LOD1I g L O
Gemmumy 2015 s flse  isdenved from  CiGML L
- LOD 2 madels
with average
wal height
(details iere)
| Philadclphia Usa W15 TON2 true GNR
Cadastee
Netholands 2010 LOD 2 e faatprinis. CityGML 1.0
LIDAR
KMI KM7.
USA 2017 1LOD I lnlse Shapefile,
GroISON
OUEEHEEEN  Nelherlands 2011 TODY Termain Talse CinGMI. LD
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gmmensones (@Y A # 3 @rae ditarmRaabitlc @

o 1
> Toorprint gy o
Gemany  3)-2016 1o
el
curlier (P
(LiDAR)
Camada 2016 LOD1

o oo

3D City Model (4/4) NEE

v Z MR BRI B X B
Cadastre Sy & 5% g 4a i3 2 LALOD 1 2 LOD 2?] x
S EEHATBOIHBGHE 0 SHES

false  Taatprinis -
LIDAR

Stapetile, 15 B8R

Geodatabase,
AuoCAD, o

"%

Sty o Z BRI AR AR X £ T A BRI X
» 4w CityGML ZKML %

% Shapefile, DWG.
Ialse RMT

ﬁﬂ # 8 Cotnen, Utarpiaagy

HEREH=Z#YE
NATIONAL 3D MAPPING

: @

ALAAAR, LATHED @ i
NCTE, Dept of Civdl Enginesring,

wIHpRBEHY

< Data [ormals

textured triangulation

3D raster models based on hyperrealistic

Jm Zx[% & 8 (Catalonia/Spain)

< National 3D Mapping Products: focus on 1:1000
3D raster models: (rom obligue imuges
3D vector models: LOD 2 derived from 21> vector map and lidar vsing I'ridicon

software {automatic modeling, manual editing 1s required); texture from obligue image

® 3D SIIP, KMZ. DGN. DXT, FGDB(Geodatabase).

3D vector models: LOD 1(Left) LOD 2 (right)

BB AS, TATRER
National Chiao Tung University, Department of Civil Engineering

M EA P G et @ 2mmn @ | [@) 058 G uthtis

: @

upRRGnY:

BLABAR, LATHE
NCTE. Bept. of Cindl Enginecring

Mt

SwissTLM; large:

< Data formats

+ ZHEFSLFAZREN
@ RAsE

— p.21

Since 2008, National 3D Mapping Producis: b
il Lopographical landscape models

= CilyGML. KMI.. 3D SHP, 3D PDF, DXF. FGDR(Geodatabasc).

ZHEHRAREEH  ZHREMNAAM R UB A TR L F K

UE o

Stage 1
P22 ge

<+ National 3D Building Madels: 4,200,000 buildings

® 1% gencration (carly 90°5): 3d building without texture, based on number ol Tloor

= 24 peneration (2000): 3d building with artificial texture, based on number of floor

® 3% generation (2008): Building polygons from hasemup: rool from lidar; texture from

= SwissAL II*P:digital terrain model, 2m mesh from lidar
B SwissROUTES - transportation networks
® SwissNAMES™ : name datasets ortho photo ind oblique fagade image.
B SwissBOUNDARIES® : administrative boundaries < Data formats
SwissBUILDINGS3'™ 3D vector from aerial images. | sigma=0.§m. LOD 2 m CityGMI

2 BdmenE R Bains

TRIRTETR,

johrE: 4 . FLAHAR, LAT S S -
HLLE Lt @ T @

s | @) BLKLE G itk

@

ALRAAR, LATHED
RCTE, Dept. of Civl Fnginesring

7

= LODI
<+ Data format:CitvGML
] 42 2 CiyGML Bl

B MY R BT S B R AR
. RERE

% National Standard for 3D Topographic Data:
® IMGea (Information Mode] Geography)
An Application Domain Fxtension of CityGMT
< National Virtual 3D City and Landscape Model

® Automatic reconstruction: TOPTONL (203 vector data) = AHN (i.c. Lidar 10+ptsin?)

% B

% Data formats
= CilyGML

= ¥ 4

Stage 1

< National 31D Mapping Products:
® Stage 1(1994-2007) a 2.51 geographic information framework:

BD Topo+ BD Orthot Building{LOD 1 38 synthetic vegetation
® Stage 2(2007-) : Bati3D, 3D City model {1.OD 2) with texture

Stage 2

— p.2¢
[REEEr ST,

Ctanse

194



N oFcin 107 & B

mseanes

B0 %3 (o it @) Jaoioen
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% Since 2015, National Topographic Database (NTDB)
dard ol CityGMIL 1.OD

= 2D cutlines(2D Topographic Object Database) ~ ALS { 4-12ptsim? } » Class A LOD 2 for city center
= Class B: LOD 2 for den population or industrial arca
® Class C: LOD | or LOD 2 for other arcas

< Data fm mat

< Since 2015, National 3D Building Models Database:
LOD 2 CilyGMI ® 3D datu [ollow (he st

< Data formats
m CityGMI

3D building reconstruction 3D web viewer
project (2017-2018)

TRCTI———

I

.25

B O_% # G Uttt @) Lrciven @
Hi ok

B0 %8 T ittt @) Jamriet gy

B
Product: 3D Spatial Data
< Models: Building, Infrastrucrare, Terr:

< LOD:Level I. Level 2, Level 3
< Format: 3DS, 3D Max. VRML.

3D National Map: 3D products

® DTM:DSM: from aitbome laser scanning dats
= Orthophoto: from airborne vertical/oblique images
.
L]
.

30 building models: from withorne verlicalioblique imges

3D road models: from mobile laser scanning data and 360 camera imagery
3D tree models: (rom aithorne verucalioblique images

< Standard and databasc
= CilyGMI represents
= Oracle spatial database

104kE 4 o FLABA® LAT WSS
®L5.E Gan s @ e

B = 4 3030 [B) Bty ST

¢ Singaporc Land Authority, 2013, andard  and
Specifications for 3D lopographic Surveying (Mapping)
in Singapore, Version 1.0.

* Hong Kong Land Department. 2012, Information Sheet
on 3D Spatial Data, Version 1.1,

Cmonu\ um, 2017. lechnical Specifications for the
of 3D IMGeo-CityGGML., Version 2.1.

B I H

3 smss'l'l T\PD Schmassmann, .. R. Bovier. 2010. Topografisches
=k i Landscl dell TLM: swissTLM3D. Geomalik

everoms ktml :
Schweiz Vol. 9, pp. 407-409.
B AF, AP R — 30
Tung University,

- | B AEE Gl Ltahasiage @) st

R ; FLAARB LATHED
MHLLE Gan e e B

Z 4RIV E 2R H F ok Z IR 2R H Kk

v ERRMBA Qﬁithfb JEl 5&1‘?/#)% ii;*&l&?{/ < 3D National Mapplngia{)i@_{g&é(] ’:_gli = AJ
= RAAMIE > S WA =B HRB

3¢ 4 ¥ National * ic Database (NT' ’
[ ] g%gi:ﬂ;f;;g)%a’lﬂl opographic Database (NTDB)#% %, Ao g ST R e

R _ . % Elberink, S. O.. Stoter, I, Ledoux. 11, & C deur, T (2013). Generation and
m g 5 #72D IMGEO#E %638 3 = #3651 (8] 3D IMGEO dissemination of a national virwal 3D city and landscape model for the

™ }. -3 _J__J;J.ZD fi A %g ﬁ,I{ SLS\\"iSSTLMSD. Netherlands, Photogrammetric  Engineering & Remote Sensing, 79(2), 147-
SwissALTIP, swissBUILDING® swissBOUNDAIE 5
S3P swissNAMES?P.

RAAME A AL R B 18518 E 32 o

m 693D Spatial Datazd 1/10004 43 % £

—nu
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ER TN AR SR L L Z4WM B B EE

S Al R A e 2 dE R, <+ ER AR OGC CityGML 2.0
7 X 1 4%H 4 4 88: bridge, building, cityfurniture, relief. m 2 - OGC Open Standard, exchange format,
transportation, tunnel, vegelation, water modules. application-independent information model
B R LR E ST SR ek m 355% 1 Based on XML, rich semantics
® 57 & 3.4x btk & H:LODO, LODI, LOD2... LODS. B AT LODSSUE - Z4 B R g Bl 6

AR E S B Bt ELODA IR B ELOD#Y &
& & fpldo ¢ B RLOD2RELODL# 24 » HH
B ERER  RERRBKTRE -

m % % ¢ CityGMIL Application Domain Extension
(/\Dl:')

@ Stk ) Vosselman, G G, Aatinons, § Vesbiee, |
Spacl Dl oasictuie cansofthe et sl Phegvn

K& Reers, M (2011) Lo
crvei b Geoimfrnision

0% 3 (o it @) B D% B b @) T _

SV E X %S OGC Open Standard for 3D Products

& (3 p . -~ < OGC CityGML 2.0 for 3D city vector model
< CityGML 2.04 F https://www.sig3d.org#} 5l > :
« " < OGC i3s 1.0 Indexed 3d Scene Layer (13S)
codelist » 1?‘] do t » Seenclayers are opfimized for displaying a Jargs nmount of 31 data in a seene. A scene layer can
b
B KE
i 1000 * 3D Objeers fo.. Building Exenors, from GIS Data as well as 3D models in varous formatsi
| 1010 o Infegraned Moshes (c.g. og an tegrated surfice represenring the skin of the carth, from
1 1030 satellite, aerial o drone imagery via dense matching photagrammerric software)
1 1040 g&blui roof Point I'eatures (e.c. | hools, trees, street finiture, signs, fram G1S Data)
1 1050 half-bipped roof
L 1060 mansard root
1 1070 pavilian rool”
| 1080 cone ol
1 1090 copul oul
1 100 suwtoath roof
1 1D achroof
i 120 pyramidal broach roof
1 1130 combination af roof forms

hitps://wwiw.sig3d.org/codelists/citygml/2.0/building/2.0/_AbstractBuilding_roofType.xml

RIS ¢ FLRARB LATHED
MLEE Gan Ao

B OLE.E Gam Ut @ It
OGC Open Standard for 3D Products Open data for 3D City Model

% OGC CityGML % OGC i3S < CityGML ¥ /& 89 B4 A&
® Based on XML ® Based on Scene Layer (https://www.citygml.org/software)
c ] Package . .
5 E),“hange F?nnat - Tr’msiissiun Fitiiial m 3D City Database http://www.3dcitydb.org
& R,l"h sepnanlics a Cloud. web. mobile o [I'ree geo databasc to store, represent, and manage
W Geofficty/ typcs g virtual 3D city models on top of a standard spatial
3D vector objects friendly

relational database (PostGIS and Oracle)
u  Geometry types:

o 3D objects, poins, ® GeoRocket https://georocket.io

intcgrated meshes, point & Iligh-performance data store [or geospatial files (ready
clouds. for the cloud). Supports CityGML, GML, GeoJSON,
and more.

— p.o7 — s

1eAREL . FLAARB LATHED
M L4.E GRe @ e @

MOE .S GRm vt @ e @:
4RIV B B AR R Rk

< Collect 3D Data
W = AR
< Create 3D Model
Si’dm‘g i e
< Establish 3D Standard
R Z AR

BE %“& < Support 3D Application

ZIE=HRER
< Update 3D Changes
EMZpNE

X
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SAMAR LATHED

BB % 8 Toen AtaRERISIAS :

ZHRVBEARARERR
« 3D Data
m O ERPHER AL
R E EREGRERAESE
3D Model
B kAo RS A E
m 3D mesh model: % 0 &2 & 4 65DSM
m 3D vector model: M54 A B oy AT
< 3D Standard
m OGC CityGML. schema
m OGCi3s
®  Relational Database (e.g. open and free 3D City Database,
http:/fwww.3dcitydb.org)

¢

Pt

ZHwBERRER RS
% 3D Application

<+ Collaboration and Decision Making
< Communication and Visualization

% Improved Accessibility

% Urban Planning

% Analysis on Potential for Solar Energy Production..

< Example

%  llooding, urban hear island, energy.
shadow:. solar potential. noise.

— a2
Bijeck , F, Stoter, | Lecoux H., Zatanava, 5. & GOek 2, 4. (2015]. App cauans of 30 ity models: State of the art (2 2w 13
Joumai of maton, 4id) 78477889

BB % (G kit @) famnies

B 053 Can utitai. @) Juoriess g

Z b B B R R R R
% 3D Map Updating

® Very high resolution satellite imagery( e.g.
Worldview-4 0.31m GSD): {8 ] 8 1§

m Collaborative Mapping: 47 ¥ 42

m Ground-based Laser Scanning/ Topographic
Survey

® Building Information Model (BIM)

SERRYE

g

B BB B (e ititastiane @) Tan i

a

4 ¢ FLABA® LAT WSS
B OLE.E Gam Ut @ It

HBERY

A B Z P
B A M ) 2 E AR B e
L RS &S

RSB ENBER
= BIM

W BB ERERORE

m Smart City

' Thank you!

Corresponding
e & tateot@mail netuedu.tw
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