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{LHGC The importance of networks

e Networks are all around us.
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e The techniques have been developed to analyse
these most geographical phenomeria.



Data requirements for network

% analysis
Data requirements (Clausen 1991, road analysis):
e Accurate
e Up to date

e Topologically correct
o Attributes:
— road conditions
— classification
— speed restrictions
— one way streets
— turning restrictions
— width and height restrictions
— junctions
— roundabouts
- reference landmarks



Networks and GIS

Get Directions My Maps

e What is the impact of an object = R .
flowing through the network? ® [ Sat Love iy U7

o Types Science Drive, Durham, NC
= Add Destination - Show options
-Time

-Distance
e Based on connectivity, flow, and

Cost:

Get Directions |

Directions to Science Dr, Durham, NC
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ﬁ Network characteristics -
i formal description

e A network can be defined as a set of linear features
through which resources flow.

e A network is referred to as a pure network if only
its topology and connectivity are considered.

e If a network is characterised by its topology and
flow characteristics (such as capacity constraints,
path choice and link cost functions) it is referred to
as a flow network.

e A transportation network is a flow network
representing the movement of people, vehicles or
goods (Bell and Iida, 1997).



Nodes and links

Building stones - nodes (the end points of lines)
are used as origins and destinations, and links
(lines) travers from one node to the other.

A classification of networks (adapted from Laurini
& Thompson, 1992).

Directed links are referred to as arcs while
undirected links as edges.

Which one fits for )If
the river network?

unoriented oriented
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unoriented with loops oriented with loops



ﬁ Network data model -
iec conceptual

e A data model is an abstract representation of
some real-world situation used to organise
data in a database.

e three different levels of abstraction:
conceptual, logical and physical levels.

e The entity-relationship and the extended entity-
relationship models are the most widely used
conceptual data models.

e The network data model (vector) is built around
two core entities: the Node (a zero-dimensional
entity) and the Arc (a one dimensional entity).



e |ogical data model that supports the node-arc
representation of networks is the georelational

model.

e separates spatial (geometry) and attribute

data into different data models.

Network data model - logical
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(a) Example network for the relational model example




(a) Example network for the relational model example

ArcID

Street Name

Lanes

Other
Attributes
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High Street
High Street
High Street
High Street
River Way
Hill Street
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(b) A sumple arc table

Arc ID

Street Name

Lanes

From Node

To Node

Gl
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High Street
High Street
High Street
High Street
River Way
Hill Street
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Arc - node data
model

Arc ID Stop Light Other
Attributes
1 n
2 y
3 il
4 y
5 1
6 n

(c) A simple node table

Node ID  Stop Light? Arc Links

1 n a

2 v a. b
3 n b.c.f
4 v c.d.e
5 n d

6 n f

(d) Pointers added to the arc and node tables to represent connectivity



Connectivity and planar
networks

Y

(a) Planar network approach (b) Non-planar network approach

e standard fully intersected planar network data
model has been extended by adding a new
structure, called the turn-table — node rules.

From Arc To Arc Tum ?
6
d C n
a b y ;
‘! 2 3 4
a d n ' a b s / a
b d }-T e
b C Il (a) Example network for the relational model example



i&c Turn table examples

0= HKalmpedance
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Z Barriers
Barrier represents certain limitations within the
network. Different geometry types - point, line, polygon

 Restrictions
(complete closures of
the street/road
segment), o - (

- Scaled cost (traffic ] N T
lights, one way Inx W\
closure, traffic — N | S
accident, traffic signs). +~—~ — e

i
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-
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Horak a kol. 2015



Barriers and
shortest path
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Data for network analysis

e ZABAGED, OpenStreetNet,
JSDI

e StreetNet (CEDA) -
updated 2x year; seamless
and fully routable road
network supplemented
by additional topographic
layers and layers of
administrative boundaries.

e Road DB - its descriptive
information (number,
international number and
class of the road, street
name etc.), attributes
describing technical and
functional state of
individual segments and
basic attributes for
movement on the network.




Street Net sample
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Obr. 155: Porovnani vrstvy

Street Net
selection
o of roads

Tab. 21: Ciselnik pro sloupec FC (Funkéni kategorizace) (CEDA, 2014a)

Koad

Hodnota

dalnice

hlavni silnice (zejm. mezinarodné vyznamne silnice evropskeé tahy E)

ostatni vyznamné silnice

silnice regionalniho vyznamu

spojovaci silnice lokalniho vyznamu

vyznamne spojnice v ramci sidel

ostatni vyznamné komunikace v ramci sidel

mistni komunikace

O B WNREO

ucelové komunikace (lesni a polni cesty, chodniky pro pééi, stezky pro cyklisty,
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Real Time data for network
analysis

e Rodos

e Dynamic Mobility Model (DMM) integrating the
movement of persons, vehicles, and goods.

Privodce aplikaci

Ceska Republika

Dalnice a rychlostni silnice
Dalnice a rychlostni silnice Rozcestnik Ceska Republika Praha Brno Ostrava Kongesce Analyza uzavirek Modernizace D1 Meteoradar
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http://rodosdata.it4i.cz/

Detail view on Brno with traffic
elays

Privodce aplikaci

Dalnice a rychlostni silnice Rozcestnik €eska Republika Praha Brno Ostrava Kongesce Analyza uzavirek Modernizace D1 Meteoradg

Kongesce vypnuty 1 min 2 min 3 min 4 min 5 min
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o Brno-vychod

exit 203

\
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Brno-zdpad \\ 2
exit
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ﬁ Algorithms for network
fec operations

e Search procedure - alternations - no
turning back, fewest humber of
nodes, minimum cost.

e A common question is "what is the
shortest path?, - Dijkstra algorith,
mathematically designed to find the
lowest cost route between two locations
when a measure of cost is attached to
each link.

e Simplification - one way, no loops.



LG Dijkstra algorithm 1

Task: find the shortest path between an origin (A) and
a destination (G). Trial and error method ©

Dist. Parent Incl.
0 - No

- No

- No

- No

GG M moOO o P




Dijkstra algorithm II

e List all the nodes of the graph that link directly to the
starting node and label each link with its cost value.

Dist. Parent Incl.

; A 0 - Yes

0) & B 3 A No
2 C 2 A No

D - No

E - No

F - No

G - No




Dijkstra algorithm 111

Find the node with the lowest link value and label the node
with this value. This is the lowest cost path between the origin
and this node.

Dist. Parent Incl.

’ A 0 - Yes

< B 3 A No
C 2 A Yes

D - No

E - No

F - No

G - No




Dist. Parent Incl.
A 0 - Yes
B 3ord AorC No
C 2 A Yes
D 3 C No
E - No
F 6 C No
G - No




Dijkstra algorithm V

e Find the node with the lowest cumulative cost and label the
node with this value.

e If there is more than one node that has been reached in
the same cumulative cost so we label them both

Dist. Parent Incl.

A 0 - Yes

C B 3 A Yes
v C 2 A Yes

? D 3 C Yes

E - No

F 6 C No

G - No




Dijkstra algorithm VI

e Extend the search again. Add new linked nodes to the list of
nodes and calculate the cumulative cost to each.

@ ) 1 Dist. Parent Incl.
5 A 0 - Yes
< ] 3 B 3 A Yes
5 : C 2 A Yes
N
2 4 D 3 C Yes
E 6 B No
F 6 C No
G Sor6 BorC No




Dijkstra algorithm VII

the node with the lowest cumulative
cost

Dist. Parent Incl.

3
r

- Yes
Yes
Yes
Yes
No
No

Yes

O @ O » >

o O OO W N W O

Node G is reached from B which is reached from A
i.e. shortest path = A B G.



Applications of network

45 analysis

e Routing - Finding shortest routes is probably the
commonest routing problem to occupy GIS users.
Finding the shortest route from A to B through a
road network is crucial for emergency services,

business journeys, or simply planning routes for
holiday makers touring a region.

e Service area - The objective is to create service
areas around a centre and optimise the distribution
of the resources based on the capacity of each
facility. Sas
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Finding Service Areas Using
ArcGIS Network Analyst

¢ Create Isochrone Maps — How Far Can Firefighters
Service?

e that each facility will have it's own service area -
or extent for how far firefighters can reach in a
given amount of time (isochrone).

e different scenarios — including setting up lengths
and time.



What You Will Need

e Network Analyst Extension
e Road Network - topologically correct.

e Facilities Layer (Fire stations, police stations,
hospitals, etc)

= Fire Stations ‘\
Facilities

i

= Road Network
Surface \ Road
— Road Network

— Highway



Network Ana v X

Start new Service area

Network Analyst ~|.

-5 oF |

7 | | Road Network Ed At this point, you will see the

New Route

New OD Cost Matrix
New Vehicle Routing Problem

New Location-Allocation

Options...

Service Area analysis window
appear in the Table of

MNew Service Area
Contents.
New Closest Facil'rty\

=] Service Area
=[] Facilities

@ Error

@ Located

2@ Unlocated

-] Point Barriers

g Error

m

€3 Restriction

O Added Cost

=[] Lines

| ines

= Line Barriers
e Restriction
cmScaled Cost

Polygons

=M Polygon Barriers

3 Restriction

Scaled Cost




Vo= - 1T
I Adding facilities
Network Analyst X o .

ight-Click —g=g = -
Service Area V|!—' Logad Locations ® LOad faC“ltleS p0|nt
@ Facilities (0) € data
# Polygons (0) - .
@ Lines (0) e Visualize and check
+ Point Barrier e
S e for errors
+ Polygon Barr|
X Delete All = Service Area
Selection » Fr—.FacEiIities
rror
@ Open Attribute Table @ Located
S Export Data... 2 Unlocated

@ Zoom To Layer
B8 Find Address...

Load Locations...

Recalculate Location Fields 3

“f Properties...




1/

e

Network Analyst ax
Service Area W

# Facilities (30)

# Polygons (0)

+ Lines (0)

# Point Barriers (0)
# Line Barriers (0)

i+ Polygon Barriers (0)

™

Variables:

e Impedance

e Breaks (m,
min)

e Direction

Layer Properties

Service area problem set up

Line Generation Accumulation Network Locations
Servi General Layers Source Analysis Settings Polygon Generation
PI'OD Settings Restrictions
Impedance: Length (Meters) v j
Default Breaks: 1000, 2500, 5000
[Juse Time:
8 AM
Day of Week: Today
Spedfic Date: 2015-11-22
Direction:
(® Away From Fadility
(O Towards Fadility
U-Turns at Junctions: Allowed VJ
Use Hierarchy
[ 1gnore Invalid Locations

About the service area analysis layer




Polygon generation table option

Line Generation Accumulation Network Locations
General Layers Source Analysis Settings Polygon Generation
Generate Polygons
Polygon Type Multiple Fadlities Options
(@ Generalized (® Overlapping -
: Create polygons for each fadlity. These
O Detailed polygons may overlap.
[] Trim Polygons: O Not Overlapping - -
100 Allocate polygons to the dosest fadiity.
e = (O) Merge by break value
Join polygons of multiple fadlities having the
same break values.
Exduded Sources Overlap Type
[] TER_CANMAP_ROAD @®Rings

Do not indude the area of the smaller breaks. 8

Create the polygons going between
consecutive breaks.

() Disks

Create the polygons going from the fadility to ‘
the break.
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Line generation options - the use of
linear referencign system.

General Layers Source Analysis Settings Polygon Generation
Line Generation Accumulation Network Locations
Generate Lines
[ ] Generate Measures
[ ]Split Lines At Breaks

[ ] Indude Network Source Fields

Overlap Options
i O O
Indude a separate line feature for each fadlity within
break impedance units of the line. ﬁ.".'
() Not Overlapping . .

Incdude each line at most once and associate it with its ® & @
dosest (least impedance) fadlity. Py—



enerate the service area
polygons and lines/road
segments




= Service Area
—[v] Point Barriers

9 Error

0 Restriction
O Added Cost
~[w] Line Barriers

=== Restriction
cme Scaled Cost
-] Polygon Barriers
" Restriction

. 7]Scaled Cost

Using bariers



act Spadové Oblasti /

) ) Madteni Dat Aktualni
Hacteni Dat Aktualni Nadteni Dat Aktusini Dopravni Situace z
Silniéni Sité s Korektni = Ostatnich Dostupnych
- Dopravnl Situace z JSI =
Topologii Zdrojl

-
Specifikace Barier V
Siti
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== Transportation of dangerous goods -
case study (Leitgeb 2015)

e Goal: Minimise the potential impact on
inhabitants during the transportation of
dangerous substances (flammable,
explosive...).

e ADR classification, Police and army internal
legislation.

e Alternative criterion:

— Population concentration based on street/road
segments;

— Buildings (POIs) with high concentration of
inhabitants and sensitive objects.




Criterion 1 - street segments

silnicni_sit zastavena uzemi centra_osidleni
| |
SPREAD AGGREGATE EXTRACT
zony malého zastavéné rozmisténi
nebezpeci plochy obci populace

—» SPATIAL JOIN <«

v

hustota osidelni
zastavby

INTERSECT =«

v

phroZena
zastavba

JOIN ATTRIBUTES J

h 4
silniéni sit' s poéty
chroZenych




Criterion 2 - sensitive objects
and Pol

kategorie_zastavby budovy body_zajmu

I
EXTRACT

v

ohrozene objekty

EXTRACT SPATIAL JOIN
ohroZzené arealy ohroZené budovy

—» AGGREGATE €—

v

ohroZzené oblasti

|
SPREAD

v

rizikove oblasti




OPTIMALIZACE TRASY PREVOZU VYBUSNIN
NA MODELOVEM UZEMI CESKOBUDEJOVICKA
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Pokryv povrchu a plidy Prvky trasy
Park R Kraini bod tras Autor. Simon LEITGEB,
5 vielna N _ ! ¥ 408281, 3. B-GK KART
Bazina Zastavéné oblasti A Trasa A
Lesy Vodni plechy a toky N Traza B Pouzity software: ArcGIS 10.3,
I Hititow Pole a louky TrasaC Arc/lnfo, © ESRI
e . . J - T Soufadnicovy systém: 5-JTSK
Zijmovs arely o ) S ey )
[ ] 0ohroZené a nechrozens letists Zmje dat: Streertuytﬁyntvé%%a{
17 ohrozena a nechrozena primyslova zdna Pozemni komunikace B Pfispévatelé OpenStrectMaps

[ Ohrozena a nechrozensa nemocnice
[ ohrozené a nechrozent hiisté/stadion

Silnice 1., 2. a 3. thidy, Brno 2015, GU PiF MUNI
ostatni komunikace

e A- shortest
path

e B — criterion 1
e C - criterion 2



