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Introduction

History describes geography in the past.
Without time we cannot discuss the past, present nor future.

Spatial data represents features and objects in space at a point in time.

Problem Definition

* Need for temporal GIS applications
« Time is hardly supported in GIS applications

» Historical spatio-temporal data is widely available




Case Study Background:

* 1880s German Settlers arrived in SWA.

« Spread Across the country

« Early 1900’s the resistance struggle

Introduction

began.

* Hereros revolted in 1904.

BOTSWANA

« Germany responded by sending approx.
15000 troops under General Von Trotha.
« Herero got defeated on the 11" August

1904 in a decisive battle of Hamakari.

Source: Resistance struggle 1904 by Klaus Dierks
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Research Objectives:

» Framework to automatically extract historical spatio-temporal information from
text documents.

» Assess ArcGIS capability in handling time.

Research Objectives &

Questions




Research Objectives &

Questions

Research Questions:

1.

What methods are available to recognise and extract spatial and
temporal information from text documents?

How can we extract location event information and produce
trajectories from the extracted references?

How can historical data be modelled best in regards to

«  Temporal vs. spatial data

»  Precision vs. accuracy of historical information

What analysis methods and functions are available for historical
spatio-temporal data?

What cartographic visualization techniques are suitable to

visualize the case study information?



Research Workflow
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« Battle events
\

2D

3D

*Time
animations

.* Story Map

J

analysis
L y

v

- lE
«STinGIS

Visualizing — Analyzing \4— Modelling

* Spatio-temporal
analysis
» Trajectory

* |E methods

« Tools and
functions

N Uncertainties )

 Location visit events
» Moving trajectories

* Point in time

» Moving points
« Time queries

G J




Materials &

Methodology

Materials used:

Historical publications

1. Let us die fighting

2. The revolt of the Hereros

3. Chronology of the Namibian history

4. South West Africa under German rule

5. Herero Uprising — Namibia 1 on 1 — online article

6. Battle events — the-eis system

Tools:

Notepad ++
GATE 8.4
PostgreSQL 1.6
ArcGIS 10.5
Esri Story Map

Journal

s JAPE
% Python 3.4



Materials &

Methodology

Information Extraction

Historical H
Documents

¥

Document Pre-processing
L 2
Creation of gazetteers Spatial & Temporal
S gazetteers

L 2

Contextual Information |

..... Extraction |

‘lr

Trajectory and location

event Extraction




Docu

ment Pre-processing:

PDF to XML conversion
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Document Pre-processing

Scanned
PDF

Web
Articles

v

Microsoft Word:

Tools:

< Online OCE. - tools

— 1

—w

Define Processing Unit:

- PH]_’EI g"_['ﬂph.ﬁ
=  Sentences

!

Results: XML

Notepad XML 2007
«  Paragraphs Elements
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Document Pre-processing results:

<?xml version="1.0" encoding="UTF-8"32>
2 {%{dncument title="The Resistance Struoggle cnlminates in genocide: 1504-1506":>
= <paragraph id="100" date="11.01">

4 <gentence id="101">11.01. Sammel Maharero orders all Ovaherero chiefs to take mp arms against the Germans.</scentence:
= <sentence id="102">He orders them to "refrain from touching missionaries, English, Basters, Berg-Damaras, Namas and Boers".</sentence>
& <gentence id="103">There are doubts concerning the date of this order.</sentence>

<zentence 14="104">It i= possible that Maharero wrote this letter after the ontbreak of the war (around 20.01.), after the first shots were I
g <zentence 14="105">Sammel Maharero tries to involve the Basters, unnder Hermanns van Wyk and Hendrik Witbooi, in the stroggle. The two letters
] <zentence 1d4d="106">Van Wyk hands over the letters for Witbool to the Germans. In the second of these letters Sammel writes: "All our cobedienco:
10 <zentence 14="107">Hence I appeal to von, my Brother, not to hold aloof from the uprising, but to make yvour voice heard so that all Africa ma;
11 <gentence 14="108">" These three letters were alsc written after the ontbreak of the war. They can therefore, together with Samuel Maharero's

12 <zentence i1d="109">0n the other hand, from the very beginning of the German presence in SWA, substantial numbers of Ovaherero are employed by
13 <zentence id="110">After the outbreak of the war a number of Ovaherero continme to serve in the German forces.</sentence>

14 <sentence id="111">Some are even killed on the German side.</sentence>
15 <zentence i1d="112">Cmstav Duft tries to negotiate with Sammel Maharero at Okahandja, to no avall becanse Maharero and Assa Riarma are at Oson:
16 — </paragraph>

17 = <paragraph id="200" date="12.01">

18 <gentence id="201">12.01. After the first shots were fired at Okahandja (allegedly by the Germans), the Ovaherero revolt thronghount SWA.</zent
19 <zentence 1d4d="202">In the first couple of days 123 Germans are killed (among them 13 active soldiers, =seven Boers and five women) , goods and ¢
<zentence 14="203">Thi=z uprising takes place dne to loss of control and ownership of traditional land (German native reserve" policy), usury !
1 <zentence 1d4d="204":>Missionary Carl Wandres reports Gunstav Duft saying: "If Zurn had not been in Okahandja, then the issne wonld not have deve!

2 <gentence id="205">Znrn is later threatened with a German conrt martial becanse he is held responsible for the ountbreak of the war.</sentence:
<gentence id="206">A further war canse is the absence of Maharero, Assa Riarma and Lentwein from Okahandja.</sentencex

TR R T O O T T 6 T T %O (% T T

4 <gentence 14="207">The many rumours amongst German settlers and soldiers of a possible Ovaherero uprising add to the ontbreak of the war, altl
5 <gentence id="208">0n 06.01. Furt Streitwolf reports on a meeting with Trangott Tjetjo in the Gobabis district.</sentence>
& <zentence id="209">Streitwolf does not believe that war is imminent.</sentence>

<zentence 14="210">=At the Waterberg, Sergeant G Rademacher and missionary Wilhelm Eich react to reports by Else Sonnenberg, whose hnsband, tri
g <zentence 1d4="211">Rademacher and Eich report that war is onlikely, bnt that FKambazembi is preparing for a visit of Chief Omandja at Otjikuorm
g “<gentence id="212">The Gobabis-Dama support the Ovaherero.</sentence>

<zentence 14="213">The Germans are supported by Hendrik Witbooli, but in October 1504 Witbool i=s prompted to revolt against German rule by the

31 <gentence 1d4d="214">Lentwein later reports that the war came as a complete surprise to all "white" settlers, incluoding the missionaries, doe t«
32 <gentence id="215">The reinforcement of soldiers from Cermany is slow.</sentence>

<gentence id="216">Ultimately 14 000 German soldiers are involwved, 1 500 of whom die.</sentence>

3 <gentence id="217">This war effort costs Germany 585 million Mark.</sentence>

2 E Soontancs 3 A=1031 gR0- ha fmrahararns racictanmna afFfAart i Adharantaricad ber Adocaraandoatrdinan and a Tanl AF Aan_areddinasdd oo Tha mwmricdinag io Frdoom

Chronology of the Namibian history 11



Creation of Gazetteers

Temporal gazetteer

No. Entity Pattern

1. Date June 1904

2. Date June 13

3. Date June 13, 1904
4. Date 13 June

5. Date 13 June 1904
6. Date 11.06.

7. Date 11.06.1904

Materials &

Methodology Spatial gazetteer

 List of place names — 3859 place names

* Declared in list.def




Creation of Gazetteers

JAPE Transducer

1 Phase: datetimefinder
Input: Token Lookup SpaceToken
Options: control = appelt

e Text Patterns

SfInitialization of regular expressions

-

S SfAAFAFAAAAEAAAR AR R R A A fMacros
6

T Macro: DAY CHNE

 LHSRule

3 :{Tn:-]-:en.]ciﬁd == number, Token.category=—CD, Token.length == "1"})
g
e RHS Rule 10 Macro: DAY TWO
11 ({Token.kind == number, Token.category=—CD, Token.length == "I"})
. L3 Macro: YEAR
i AnnOtatIOH CIaSS 14 ({Token.kind == number, Token.category=—CD, Token.length == "4"})
L5

le Macro: MONTH
L7 ({Lookup.minorType=="month™})

FEAFEFEFFEFFirrifiriifriiiriifirifrririrffffiBule &
ffFor date format 12.08 for 12 August

Rule: numberdate

Priority: 50

Materials &

1

. =
Methodology » Date Expressions s (DEY_ONE | DAY_TWO)
& ({Token.string == ", "} |{Token.string == "."} |{Token.string == "-"})
7 (DAY OMNE|DAY TWO)
- - - . 8 ({Token.string == ", "} |{Token.string == "."} |{Token.string == "-"})?
« Attributive information B
1] rnumberdate

-
rnmumberdate.. NumberDate= {rule = "numberdate™}

|5 By I [ W N S Y [ A N R A N A R A D I R D D R R
LA =

(%]
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Materials &

Methodology

Contextual Information Extraction

l

L. NAMED ENTITY EXTRACTION PIPELINE

Gazetteer JAPE
Matching Iransducer
Person Names Temporal Enfities

Place Names

Text
Processing

Tokenizer

Splitter

POS

¥

Spatial Relationships -

2. SPATIO-TEMPORAL RELATIONSHIP EXTRACTION

Temporal Relationships

14



Entity Extraction Pipeline

Text Gazetteer JAPE
Processing Matching Transducer

Tokenizer Named Entities JAPE Rules

Splitter Person names Temporal Entities

ON) Place names

Materials & Date I 23-:‘“29-03] I Zeraua Ieaves the area of Oruware and moves vie Teufelsbach to the east.
30.03. Zeraua joins the Otjimbingwe and Omaruru Ovaherero at Samuel’s station at
MethOdOIOQy P Ongandjira in the upper Swakop vallev.
erson
'Dl 04 1F.f nn Glasenapp|s unit proceeds in the direction of Otjikuoko without meeting
the Tjetjo community.
m etts th a battle at a site between Okahari andl

ikuara, with heavy losses on both sides.

15




GATE annotation framework:

kD EE A I

Eﬁ Spatiotemporal Relationship Extraction pipeli
Eﬁ Entity Extraction pipeline

=~ @ Language Resources

{@/ chrnonologyxml_sentences. xml_00004

‘- test

Elﬁ Processing Resources

- M4FE Snatial

- **F% Temporal

.. gh2 ANNIE Sentence Splitter 00015
‘ ANNIE POS Tagger 00014
g ANNIE NE Transducer 00013

@ ANNIE Gazetteer 00012

'E: AMMIE English Tokeniser 0000F

< >

-

MimeType w || textfeml
gate.SourcelJRL - ﬁIe:IC:ﬂJsersfngwakanmmEv

1 o .
W Messages #& test &ﬁ'Enﬁty Extracti... _&%Spﬁﬁutemporal @ﬁrnunulogyxml_._

Annotation Sets Annotations List  Annotations Stack Co-reference Editor Text Q

.

21.08. Von Trotha fixes a price of 5 000 Mark on Samuel Maharerod€™s head,

EndBGEEES ome Witbosi Nama soldiers escape with their weapons to BiiEoR, fearing the same treatment as the Bvahereral from the Germans.
This fear influences Hendrik Withooi to take up arms against German colonialism,
The remaining Withosi Nama soldiers are disarmed and deported to the German colonies ESMmeraan and foga where many die,

B0.08. Nama under the leadership of Jakob Marenge fight the Germans in the skirmish of KElEhanassllNSURaIngs, in which German Commander

Mikolai von Stempel is killed,
Morth between the Bfilifambal znd the Eizeh SMlrambE.
(Ozombo ja Windimba) and mbahe, following the course of the Eiseb GRUramba.

reports later that the chiefs Samuel Maharera from Banjo from David and Salatiel
Kayata from Dfjihaenenal Michael Tyiseseta from Katjahingi and ASSa Riarua

at the water holes [iiNene and Epats.

e Owvaherero assemble at
They flee further via
Facharias feraua from

Kambazembi fram

have assembled at Osombo
The chiefs Mambo and Tietjo are also at the Eiseb

02.09. Von Estorffae™s forces attack Glinaiansns, dislodaing the chiefs Mambo and Tjetie and forcing them to flee eastwards in the direction
of the Bechuanaland Protectorate.

Tietia dies of thirst at the waterhole Gfliaromune and Mambo dies of exhaustion while following Tietal

The few who survive the thirst arrive later in Bechuanaland.

This is the second wave of Ovaherera to fles into present-day BStEWans (after the Ovambanderu war of 1398),

Some Owaherero also escape northwards into the Ovambaoland.

For instance, Daniel Kariko, the former group leader from - flees to the Ongandjera King, Tshaanika Tsha Natshilongo after first
escaping to

Later he moves to

During their move to the north, some Ovaherero dash with the

Some Owaherera are kiled by the Hailom in the skirmish of Ondonga King Mehale later gives an order to kill Arisib,

Other Owaherero flee into the the Kawvango rivers south of the Okavango -into the area of the Uukwangali King
Himarua as well as the Gflrambs) Dikundu near Andara) and (Gairiku area in the Kavange) and Humpata).

Others again move to Shakawe in the Strip (Kabulabula at the Chd:le-

Some Owaherero manage to slip through the German cordons and head westwards into central SWA, and have to remain living undetected in the

group of the Hailom under the leadership of the Hai|om Chief Arisib,

[] Money

[

SpatialRelation

TemporalRelation
[] Token

[ unknown

P Original markups

-

16
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GATE Annotation Results:

[ TR =S L I O T )

=] &

T ]

=i
(O v O TR |

| S T O N =)

(ST L T L T P T O T
LT % B [ T T s S o]
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n

ml version="1.0" encoding="UTF-&"7?>
woument xmlns:gate="http://www.gate.ac.uk" gate:gateld="0" gate:annotMaxId="28690" title="The Resistance Struggle culminates in genocide: 1904-1906":>
<paragraph gate:gateld="1" date="11.01" id="100":>
= <gentence gate:gateld="2" id="101">
<HumberDate gate:gateld="28273" rule="numberdate">11.01.</HumkberDate>
<Person gate:gateld="28443" firsztHame="Sammel" rule="PersonFull" ruleFinal="PersonFinal" cgender="male" surname="Maharero" kind="fullName":>Samuel Maharero
orders all
<Person gate:gateld="28444" rule="GazPerson" ruleFinal="PersonFinal" surname="Ovaherero" kind="fullWName">Ovaherero</Person:
chiefs to take unp arms against
<Person gate:gateld="28445" firstHame="the" rule="GazPerson" ruleFinal="PersonFinal" surname="Germans" kind="fullName":>the Germans</Ferson>

- </zentence>
<zentence gate:gateld="3" id="102">He orders them to famprguot;refrain from touching missionaries, English, Basters, Berg-Damaras, Namas and Boersiamp ,guot;
<zentence gate:gateld="4" id="103">There are dounbts concerning the date of this order.</sentence>
= <sentence gate:gateld="5" id="104">
It is possible that
<Person gate:gateld="28446" rule="GazPerson" ruleFinal="PersonFinal" surnamse="Maharero" kind="fullName">Maharero</Person:
wrote this letter after the ontbreak of the war (around
<HumberDate gate:gateld="282T74" rule="numberdate">20.01.</HumberDate
}, after the first shots were fired in
<Location gate:gateld="28447" rule="InlLoecl" ruleFinal="LocFinal" locType="town" kind="locHame">Okahandja</Location>
, where it is not clear at all, who actmally fired these first shots (Missionary Diehl reports that only
<Person gate:gateld="28448" firstHName="the" rule="GazPerson" ruleFinal="PersonFinal" surname="Germans" kind="fullName":>the Germans</Ferson>
fired on his hounse, not the
<Person gate:gateld="28449" rule="GazPerson" ruleFinal="PersonFinal" surname="Ovaherero" kind="fullWName">Ovaherero</Person:
b
b </zentence>
= <sentence gate:gateld="6" id="105">
<Person gate:gateld="28450" firsztHame="Sammel" rule="PersonFull" ruleFinal="PersonFinal" gender="male" surname="Maharero" kind="fullName":>Samuel Maharero
tries to involve the Basters, under
<Person gate:gateld="28451" firstHame="Hermanus" rule="GazPerson" ruleFinal="PersonFinal" surname="wvan Wyk" kind="fullName">Hermanus van Wyk</Person:
and
<Person gate:gateld="28452" firstHame="Hendrik" rule="GazPerson" ruleFinal="PersonFinal" surname="Witbooi" kind="fullName">Hendrik Witbooi</Person:>
, in the struggle. The two letters

~Davrommn mato s ~astaTA=N9RARIN w1l a="lasDarcan®d vot ! Fivrorlaoma="Cammall 1l aFinal="DarcanPinall ~ondosr=mzaTlal rinAd="Firetlamal ~Camnal ~ fDaronn™-

17



Information Extraction Algorithm:

Input: XML Document D, Paragraph P, Sentence E
Results: combine/T, 5, NJ
where T= Temporal term, § = Spatial term, N = personNames

Begin:
Parse D,
For each Paragraph P in D do:
Get paragraph date as Ped
For each Sentenice E in P do:
If only 8 and N then
assien Pdas T
combine (T, 5, N)
Ifonly one T, one § and N then
combine(T, 5, N)
Meth 0d0|ogy If multiple T and one S then
assign §'to each T, combine(TI, S, NJ, combine(T2, §, N)....
If multiple S and one T then
assign T to each 5§, combine(T, 51, N), combine(T, 52, NJ.....
If multiple S and multiple T and one N then:
if § == T then
combine(T1, §1, NJ, combine(T2, 52, NJ....
Ifmultiple T, multiple § and muitiple N then
if I'==5& == Nthen
combine(T1, S1, N1), combine(T2, 52, N2)....

Materials &

Else

Jump fo next senfence

Return combine(T, 5, N
End

18




Extracted information in PostgreSQL.:

person location date temporalrelation spatialrelation sentenceid
4 text text text text text integer
97  Tieto between Otiku._.  03.04.1904 between Otjikuara 3201
98  the Germans between Ofiku...  03.04.1904 between Otjikuara 3201
99  Samuel Maharero Okatumba 10.04.1904 3401
100 Samuel Maharero Oviumbo 10.04.1904 3401
101 the Germans,Leutwein,Ovaherero Oviumbo 13.04.1904 3501
102 | the Germans,Leutwein,Ovaherero @ Otjosazu 13.04.1904 3501
102  Von Glasenappa Otjihangwe 24.04.1904 3502
104 Von Glasenappa Otjihaenena 24.04.1904 3502
105  Ovaherero Waterberg 19.04.1904 3601
106 the Germans Engarawau 19.04.1904 3602
107  Ovaherero Okangundi 28.04.1904 3701
108  Arthur Koppel Warmguelle 20.05.1904 near Zesfontein 3901
Materials & 109  Kutako Tsumeb 06.08.1904 4803
110  Herero Waterberg 10.08.1904 2002
Methodology 111  Von Estorff Okomiparum 10.08.1904 5003
v Cleaning
v" Geocoding
v" Creating individual trajectories .




Materials &

Methodology

Historical Spatio-temporal data

1. Location visit events
2. Individual trajectories

3. Battle events

We are interested in:

= Space and existence in time
= Change in position
= Spatial relationships in time

= Query attributes of spatial objects in time

20



Materials &

Methodology

= Point in time

Modelling historical events in ArcGIS

= Duration In time

= Time as attribute

tjetjo
Shape * date person location latitude longitude loc_vistid group | end_date

Point 06/01/1904 |etjo Gobabis -22.45 189717 1 (Herero §(11/03/1904
Point 11/0315804 jetjo Onjati Mountains -22.19 17.4378 &2 |Herero §|12/03/1904
Point 120031504 jetjo Onjatu -20.54 16.44 &9 |Herero §|13/03/1904
Point 13031904 |etjo Owikokorero -21.9832 16.9131 S0 |Herero §|01/04/1904
Point 01/04/1904 jetjo Otjikuoko -21.69 17.31 S5 |Herero §|03/04/1904
Point 030415904 jetjo Between Okaharui and Otjikyl -21.85269 17.515 100 |Herero §| 15/05/15904
Point 13/05/1904 |etjo Tsumeb -19.24444 177122 117 |Herero §|01/09/1904
Point 01/0515904 jetjo Epata -21.00775 18.8763 189 |Herero §|01/09/1904
Point 01/05/1904 |etjo Otjinene -21.13833 18.785 191 |Herero §|01/09/1904
Point 01/08/1504 jetjo Omuramba - Omatako -21.15807 16.7186 192 [Herero §| 16/05/1504
Point ietio COruaromunijo -20.864 20.784 203 [Herero

21




Spatio-temporal Cluster Analysis

: T OMMANGWENA | \’*"'wum »
. . . : : 2 Sl ““CAPRIVI
Isarithmic Method o OMUSATI OSHIKOTO % - '
> S : OKAVANGO
° € 9 Tsumsb
Answers “Where 3 G NORTH-WEST
_ —  KUNENE
« Animated to detect . o4 FEERESNDJUPA
NA M I B A
OMAHEKE
cluster patterns 2 s BOTSWAN.
ERONGU ! .
| %n“hoek.(}obabh» GHANZI Q.’\
‘ L. - [KHOMSS c,“’
wi¥] <<’ TROFIC CF (
- mw Q
Materials & \ i
= HA RDA § reottal & ?‘$ <oumgt?~lb(
KGALAGADI e
Methodology b — . GALAG o
» v\ .
ks NORTH-WEST
22
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Spatio-temporal Cluster Analysis

Grouping Analysis Method _ '- ~
..:.-..:. :‘:..:..-.. % -:.--.:. :‘:..:..--
«  Defines Spatial and temporal EAR N EAR P
* et * et
neighbours S i

1@ Z® 3w

» Generate Weight matric tool

& Generate Spatial Weights Matrix

: « Space time window method — .
Materlals & | Cisersingwak Documents|iMaster thess'Master Thesis\DatalPostgres\wrcals datalld-0e-20| |2
Unique ID Feld
o _wegt_ w
=" Output Spatal Wieights Matric File
Insufficient data oo et e &
Methodology ottt of sttt |
SPACE_TIME_WINDOW w
e e e ki e sumay
Exponent (optional) 261
Percentage of Spatial Conneceivity:
Thresheld Distance (sptisnal) 3.37
000 Average Humber of Meighbors:
T8
Nmbar of eichbors fopSoral) ;Lm.nr.rrn Fumbezr of Heighbozs: a
Maximum Humber of Heighbors: 35
I R SkamcAserirabinn inntinnall

<« Hide Help

Completed script
GeneratespacialWeightaHatrix. ..
Succeeded at Fri Sep 08 11:58:02 2017
(Elapsed Time: ©.33 aeccnd523




Materials &

Methodology

Space — time cube Analysis L
Monthly location visit events

Time

= (X, Y, time) representation Dec
= Count = Size and colour

= Animated to detect space-time

patterns
e 4
= Answers:
= “Where”?
= “When”?
®

o ._.,m-.\-g';_nt'g:ﬁ;ll"\: - :
I - A

g - - . T .
i g o P
=

Jan




Materials &

Methodology

Trajectory representations & Analysis
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Trajectory representations & Analysis

109

= What space-time analysis?
= Query trajectory attributes

= Duration between locations

Materials &

Methodology

26




Materials &

Methodology

Static and Multiple Static Maps
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Monthly historical visit events
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Materials &

Methodology

Time Animations
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https://yanangolo-carto.maps.arcgis.com/apps/TimeAware/index.html?appid=248166960720438ab334b155f5d338e6
https://yanangolo-carto.maps.arcgis.com/apps/TimeAware/index.html?appid=248166960720438ab334b155f5d338e6

Materials &

Methodology

Story Map Journal
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https://arcg.is/D554W
https://arcg.is/D554W

Evaluation

Evaluation

Information Extraction Method

Approach used successfully extracted Spatial, temporal and attributive
Spatio-temporal relationship terms

Support Domain specific extractions

Results in document structure

Flexible framework

Time consuming
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Evaluation

Evaluation

Modelling time

 Time as attribute

* Limited time retrieval functions
« Simple SQL queries

X Topological relationships in time

Table
ERAR— R
major_eventsP
FID | Shape* date
. ] 0 | Point 121011904
1 | Point 15/01M1 5904
2|Point 16i01/1904
3 | Point 18i01/1904
| 4|Point 22011904
! 5 |Point 28/01/1904
| 5| Point 28/01/1904
| 7| Point 04/02/1904
| 2|Point 15/02/1904
'I 9 |Point 160211804
10| Point 19/02/1904
11| Point 25/02/1904
12 [Paint 13/03M1904
A I Nt N dNAMNA
<
44 I Y=

Select by Attributes *

Enter a WHERE clause to select records in the table window.

Methed : Create a new selection ~ L b
"FID" rs - D 4
"date"
"event_name"
"location” 58
"latitude" v latitude longitud
2197972 169
= < Like date "1504-01-12 00:00:00° A 21 41503 18.
date "1904-01-15 00:00:00° -20.5487 16.5
> [ [ 2= [And | | Gate 1904-01-16 00:00:00 1969 i
= o= or date "1904-01-18 00:00:00° -22.17053 16.9
date "1504-01-22 00:00:00° -22 61611 17.0
|l () Mot date "1904-01-28 00:00:00 v -18.80802 159
-21.4193 15.9
s In Mull Get Unique Values Go To: -22.44522 175
. : : -22. 35808 16.1:
SELECT * FROM major_eventsP WHERE: 35 10848 56
"date" »= date "1504-01-12 00:00:00" AND "date" <= date "1904-01- K
12 00-00.00° 21.05729 16.
-21.9832 16.9 v
5
Clear Werify Help Load... Save...
Apply Close
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Evaluation

Evaluation

Spatio-temporal cluster Analysis
v’ Spatio-temporal neighbors
X Requires substantial amount of data

X Not suitable for dynamic discrete data

Space time cube analysis

v 3D representation of space & time

v “Where & When” answers
v’ Interactivity
X No attributive information

X Ability of query cube contents

32



Evaluation

Evaluation

Trajectory Representation
v" Moving points
v" Moving line — track lines

v Time animation

X Inability to query trajectories
X Representation on 2D

X Unnatural movement representation

33



Evaluation

Evaluation

Time animations

X X X X X X

Time slider functionality
Time settings

Events at time of existence
Emphasize change in time

Time step — temporal range

Discrete temporal patterns representation

| Layer Properties

General  Source  Selection

Enable time on this layer

Time properties

Layer Time:

Time Field:

Field Format:
Time Step Interval:

Layer Time Extent:

Advanced settings

Time Zone:

Time Offset:

Display Symbology Fields Definition Query Labels Joins & Relstes Time  HTML Popup

Each feature has a single time field w
|date w|  sample: 12/01/1904
Selected field iz not indexed. Index the fields for better performance,

<Date/ Time = w

12/01/1904 00:00:00 To: 21121904 00:00:00

[JData changes frequently so calculate time extent automatically.

none e

Values are adjusted for daylight savings

[ visplay data cumulatively

Calculate

Cancel Apply
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Evaluation

Uncertainties in historical data

+» Positional uncertainties
 Unknown settlements
« Approximated locations

« Uncertain geographic locations

% Temporal uncertainties
« Specific dates

« Range of dates
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Conclusions &

Recommendations

To what extend are the research questions answered?

1.

What methods are available to recognise and extract spatial and
temporal information from text documents?

How to extract location event information and produce
trajectories from the extracted references?

How can historical data be modelled best in regards to

«  Temporal vs. spatial data

*  Precision vs. accuracy of historical information

What analysis methods and functions are available for historical
spatio-temporal data?

What cartographic visualization techniques are suitable to

visualize the case study information?
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Conclusions &

Recommendations

There is limited support for time in ArcGIS for historical

spatio-temporal information.

Therefore, recommend:
« Development of time query functions.
« Development of trajectory representation functions.

« Use and development of Spatio-temporal data models.
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THANK YOU FOR YOUR ATTENTION!



