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Background and Motivations
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Some services of indoor spatial information
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Prior work for indoor space

. IFC: Mainly focused on BIM &2 Eggiggggnémm

* CityGML: LoD 4: Interior space ;. . 2.="
. KML C|tyGML

e others
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CityGML

LOD 0 — Regional model
» 2.5D Digital Terrain Model

LOD 1 - City / Site model

» “block model” w/o roof structures
LOD 2 — City / Site model

» textured, differenciated roof structures
LOD 3 — City / Site model

» detailed architecture model
LOD 4 — Interior model

» “walkable“ architecture models

[source: Thomas H. Kolbe, March 21, 2008]
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What Is missing in CityGML

- Geometry
- Visualization Navigation 7
Symbolic Representation ?
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For example, CityGML

* LoD 4 (Interior space)
— How to compute the optimal path

=) navigation network

<Source: CityGML>

« Specification of location

— “How many persons are in [(12.45, 43.23),(12.488, 43.27)] ?” or
— “How many persons are in room 422 of Building C-28?"

m) Symbolic notion of space

Nov. 6, 2012
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IndoorGML as complements

Indoor positioning and geometry are out of scope

Nov. 6, 2012
ISA 2012 Workshop

11



IndoorGML and Other Standards

IndoorGML

Derivation Import
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CityGML+IndoorGML
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2D Image + IndoorGML
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Basic Components of IndoorGML

Scope of the Standard

Topology

Nov. 6, 2012
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Space Model of IndoorGML

e Poincare Duality

— Conversion from k D object = 3 — k D objects

Space
Boundary

Nov. 6, 2012
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Space Model of IndoorGML - Example

Example: Wall and Door as Space Boundary

Navigable Link (Connectivity)

e Non-navigable Link (Adjacency)
Cell R1
B3
B4
s |
Ext
D1 B2
Cell R2
BS D4
Topographic Space
Nov. 6, 2012 Dual Space
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Space Model of IndoorGML - Example

Example: Wall and Door as Space

Navigable Link (Connectivity)

Cell W8

Cell R1 Cell W1
Cell W7

Cell W5

Cell D1

Ext Cell W2
Cell W6 Cell R2
Cell W4 cell D3 Cell W3
Topographic Space Dual Space
Nov. 6, 2012
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Symbolic space and topology

= Symbolic Space:
« Location is identified by Symbolic Code of Cell (e.g. Room Number)
* Topology is mandatory
 (Geometry is optional

= Indoor Symbolic Space:

* Represented by geometryc graph
G=(V,E)
V={n|n=(cp, p, attr), c5: cell ID, p: representative point of c }
E ={(ng, n,, attr) | attr : distance }



Multiple-Layered Space Model

* An given indoor space is interpreted for several purposes

Semantic Cell

Interrelationship between
multi-layers

Nov. 6, 2012
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Example — Multi-Layered Space
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Example — Multi-Layered Space

Geometry in IR3 Topology
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Example — Multi-Layered Space
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Example - Sensor deployment and tracking
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Example — Type of Positioning Sensor

* Point Sensor (or Coordinate Sensor)
— Gives (X, Y, z) coordinates
— e.g. GPS, WPS

 Presence Sensor
— Determines whether it is on a sensor coverage or not
— e.g. RFID

* Indoor Map Matching
— F(p) = c (c is cellular number)
— Mapping from (X, y, z) to cellular number



Example - Sensor deployment and tracking

Nov. 6, 20
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Example - Sensor deployment and tracking

Nodes in
Sensor layer

Nodes in
Room layer

edge within a layer

(S12B1)=2(S5,2B)2(S;2Bg)2(S,2B 1) OK

Inter-layer connection edges

Nov. 6, 2012
ISA 2012 Workshop
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Example - Sensor deployment and tracking

No edge between B1 and B5
(81981)1(85985)9(849814) Something wrong

(5:2B)>(Be)P(S;2Bu) or (B 2(P,>Bs) 2(P;>By,)

Nov. 6, 2012
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Data Model of IndoorGML — Geometric Graph

Structured Space Model : Geometry Multilayered Space Model: Semantic + Topology
o..1\|/ A
<<Geometry>> <<Geometry>> 0.1 <<Feature>> <<Feature>>
GM_Solid GM_Surface Space SpaceBoundary

<<Feature>>
SpacelLayer

+layerName : string
+Class : SpaceLayerClassType

<<Feature>>
MultiLayeredGraph

<<Feature>>
Transition
- <<Feature>>
State

—_
<<Geometry>> <<Geometry>>
GM_Point GM_Curve :

<<Feature>>
InterSpaceConnection

+comment : string
-typeOfTopoExpression : TopoExpression

Nov. 6, 2012
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IndoorGML — Core Module and Extensions

Indoor

Navigation <<Feature>> <<Feature>>
ConnectedSpace AnchorSpace
[ ]
<7 <<Constraint>>
<<Feature>> <<Feature>> <<Feature>> Navigable
MoveablelSpace GeneralSpace TransferSpace SpaceBoundary
| | [ Constraint
%; f <<Feature>>
<<Feature>> N< ;V(i:o;isct)rnaént;;e Navigable
NavigableSpace g °P SpaceBoundar
Constraint p y
<<Feature>> <<Feature>>
AbstractSpace AbstractSpaceBoundary
[ [
<<Feature>> <<Feature>>
¢ RouteSegment Transition
<<Feature>> <<Constraint>>
Route RouteConstraint Core
Module
PR <<Feature>> <<Feature>>
RouteNode State
<<Feature>>
SpacelLayer
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IndoorGML —Example of multi-layered model

WiFi

RFID

Low Security
Zone

High Security Zone

Topographic
Subspaces

I:?xml wversion="1.0" encoding="UTF-5"7=
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sminsesi="http ey e 5 orgd 2001 il Schema-instang
xzischemalocation="http: ey tu-berlin.defindoormlid.
wimlmE limk ="kt ey e S org 9990link" <milns: gml="H
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=PrimalPartition= [2394 line=s]
=CmalPartition= 273 lines]
=rSpacelLayer=
=fpartOfGraph=
=partOfGraphs=
=Spacelayer=
=layerMame=topographic Subspaces=layvertamea=
=layerClassifier=logical=AayerClassifier=
=PrimalPartition= [1101 line=]
=DualPadition= [4532 lines]
=rSpacelayers
=fpartOfGraph=
=partOfEraph=
=Spacelayer=
=layertlame=high Security=ayertlame=
=layerClassifier=logical=AayerClassifier=
=PrimalPartition= [123 lines]
=DmalPartition= [50 lines]
=rSpacelayer=
=fpartOfGraph=
=partfGraph=
=SpacelLavyer=
=layerftame=low Security=Aayeriame=
=layerClassifier=logical=AayerClassifier=
=PrimalPartition= [257 line=s]

=DualParition= [50 line=s]
=rSpacelayers
=fpartOfGraph=
=partOfEraph=
=Spacelayer=

Main Topographic
Layer

alillaYalNal

=layerMame="WiFi-Layer=flayerHame=
=layerClassifier=sensor=flayerClassifier=
=PrimalPartition= [2555 lina=]

Dl
INUV., U, UL

ISA 2012 Workshop

=DmalPartition= [50 lines]
=rSpacelayer=
=fpartOfGraph=
=partfGraph=
=SpacelLavyer=
=layerMame=RFID_Layer=fAayvertlames=
=layverClassifier=senzor=AayerClaz=sifier=
=PrimalPartition= [Z2547 lines]
=DualPartition= [Z70 line=s]
=rSpacelLayer=

=partofGraph=

31
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Examples — Browsing indoor map

- -
‘Google
1
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Examples — Browsing indoor map

Ny office Rest room
404
|
403 : 419 | 419
Stairs
402
401 3
-
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Examples — Panoramic images and IndoorGML

P4 P5

O—0
.<—>Q<—>i
P1 P2 P3
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Issues

 Node and Edge definition
e Space subdivision

e Extension for Robotics
 or for Ships, why not?



Space Subdivision — Another Example

-8

Elevator

Staircase

Case 1l

Topographic Space

o

r-

Elevator

Staircase

Subdivision of space

Case 2
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Blocked Path
Escape Path
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Examples — Avatar movement in indoor space




Examples — Avatar movement in indoor space
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Issues — Node and edge definition
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Issues — Node and edge definition
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Issues — Node and edge definition
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Issues — Node and edge definition

Nov. 6, 2012
ISA 2012 Workshop

W

43



Issues — Space Subdivision

Nov. 6, 2012
ISA 2012 Workshop

o)
e [B] (AHI(AYE]
=
[ ——
&
o
|
® MO
% N
-
(¥
. |

W

44



Issues — Space Subdivisio

Nov. 6, 2012
ISA 2012 Workshop

—] T

| . _"\\L
BEEN:E | |
f PR M
® 7
My S A TRAMENN p. -

W

45



Issues — Space Subdivision
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For More Natural Movements of Robots

Slow down As straight as possible.
Mear by door It's carridor...

-3

Cell Cell v

situation

by more semantics
Nov. 6, 2012
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In a Cruise

R ORERRE AN
R AR RRR RL AN
R ORRRERRRYS

R R RN R R

SouUrce: cruises.priceline.com

Source: ship-illustration.com

Nov. 6, 2012
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Oasis of the Seas

* Gross Tonnage: 220,000

* Length: 1,184 feet

* Beam: 154 feet

* No. of Decks: 16

* Hosts : up to 5,400 guests
* Crews: 1,800

* No. of Rooms: 2,700

48



In a Cruise
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In a Cruise

* |IMO requires the evacuation analysis

Nov. 6, 2012
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In a Cruise

When the ship is damaged, flooding water changes the damage scenarios

Saaanahial Syvtan A

Ezzarilizl Spatem B
[ramage Ssenaria 1
Tima m

A Haa s Syrtem Bofad Ereesbes

i & i a Dt Secnatia 2

fysem N Fndt oy Feedng Satem A, 2 Salked by Alaosding and Fes

Damiage Ssenaria 1

i -
! Kissizn anable
Syaiar B Fai =
Bligsian | AT o = = e o

Crpakilty Tirna bz Bngats Tiene b B oats by - Salem & Fai
Prima=y Camsige fecodere Camsge i
g ". L ! Damage Scenarls 2
[source: IndoorGML Workshop — http //stem cs.pusan.ac.kr/indoorGMLWorkshop
Nov. 6, 2012 ]
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Milestones - 2012

_| - Development of IndoorGML tools and test datasets
"| - Experiments of IndoorGML

Writing Writing R Writing
draft v.0.1 draft v.0.2 | draftv.0.3

SWG voting

First SWG Discussion on Discussion on for 30-days
Meeting Draft v.0.1 Draft v.0.2 public comments

>
March 2012 Tele- June 2012 Teleconferences Jan. 2013
Austin Meeting  conferences Exeter Meeting Redlands Meeting
Nov. 6, 2012
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Milestones - 2013

- Development of IndoorGML tools and test datasets
- Experiments of IndoorGML

Submission for
public
comments

A

TC/PC and

Public
comments

Reflecting TC/PC
and public
comments

Revised
version

Submission
to TC

S

30-days
public

~comments Discussion for SWG voting

SWG voting for 30-days ) . comments and for submission
public comments replies to TC voting

>
Jan. 2013 Feb. 2013 March 2013 April 2013 June 2013
Redlands Meeting OGC TC Meeting OGC TC Meeting
Nov. 6, 2012

ISA 2012 Workshop
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Harmonization with other standardization

1. ISOTC204 - WG 17, WG 3, and WG 8

Indoor navigation for personal and vehicle ITS station
— Part 1: General information and use cases definition

— Part 3: Requirements and specification for indoor positioning
reference data format

— Part 4: Personal/\Vehicle and central ITS stations interface
requirements and specification for indoor map and indoor
positioning reference data

— New Working Item Proposal: Adopted on May 7, 2012, (ISO 17438-1)

Nov. 6, 2012
ISA 2012 Workshop
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Harmonization with other standardization

IEEE MDR (Map Data Representation for Robotics) WG
— WG Approved on Nov. 2011 by IEEE SA

SCSA: Standing

Committee for
IEEE-SA Workshop @ ICRA, Workshop @ IROS, Taipei Standards Activities
Anchorage, USA IEEE RAS SCSA meeting

Project Name

May 3, 2010
Standard for Robot Map Data

Oct. 18, 22, 2010

Representation (MDR) for » General intro. to IEEE- : « Workshop on Standards (Oct. 18)
Navigation SA standardization * SCSA meeting (Oct. 22) Confirm three SGs
» Suggestion of =*Fundamental data types )
prospective SGs =Map data representation Merged into
MDR SIG
=Glossary/Ontology/Taxonomy

v

Sep. 2011 Nov. 2011 May, 2012 May, 2013
« IEEE-SA Project  PAR approved « MDR WG meeting at * (Expected) MDR draft
Authorization Request :+ MDR Working Group St. Paul, USA (during submission and
(PAR) submission established ICRA2012) sponsor ballot

* MDR SIG meeting @
IROS2011 (San
Francisco)

Nov. 6, 2012
ISA 2012 Workshop

55



Summary

e IndoorGML

— A Candidate Standard for Indoor Navigation

— Basic Concepts
« Symbolic Space and Geometric Graph (Topology)
« Multi-Layered Space

— Planning to publish it in mid-2013

 Two Strategies
— As simple as possible: Core Module and Application Modules

— As flexible as possible
 To be used as a base standard of other fields and standards
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