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Cviceni ¢. 2 — Sitové ana

* Viz Protokol 2 - zadani

* Pozadavky na vystup:
* Povinné mapové vystupy —bod 6, 8, 10, 11, 12
* Ostatni volitelné

* Rychlosti pro useky silnic: RTT  Km/hod
14 90
15 80
16 110
984 70

°Odevzdani do 13. 5. 2023



Sitoveé analyzy

* Zalozeno na teorii grafu (hrany, uzly, atributy)
* Analyzy nad vektorovymi daty

* Vice v prezentacich z prednasek

» Sitova data

Topological Elements and Relationships

A  Face

Edge

9 Made

A Direction of adge

* Body, linie, plochy X uzly, hrany, sitové prvky a jejich vlastnosti
* Silnice, Zzeleznice, vodni toky, produktovody, doprava, energetické sité apod.

* Topologicky korektni model
* Dodrzeni konektivity

Line features can share
endpoints

* Topologické chyby (dale)

arc-node topology

Area features can share
boundaries

polygon topology

Line features can share
segments with other line

features
_ o mlogy

X8

Area features can overlap
with other area features

region topology

Line features can share
endpoint vertices with point
features

node topology

Point features can share
vertices with line features

point events

~
ol




Casté topologické chyby

Pred
cisténim

Po Cisténi Popis problému Akce Cisténi

Medotahy Prodlouzit nedotazene

\\ Objekty nulové délky Mulova délka objektd

Yolné uzly nebo pretahy Vymazat volné objekty

STTA

DOBESOVA, Z. (2005) Sbirka pfikladG Autodesk Map 3D, http://www.geoinformatics.upol.cz/app/autodesk/



Sitove analyzy v ArcGIS pro

Tutorial: https://pro.arcgis.com/en/pro-app/latest/help/analysis/networks/network-analyst-tutorials.htm

& Network Analyst Tools

Network Analyst Toolbar P
Network Analyst *.. Add Field To Analysis Layer
Network Analyst~| BF | =% 1, [ (31 o D <, Add Locations

Add Vehicle Routing Problem Breaks

Add Vehicle Routing Problem Routes
F\ Calculate Locations

Copy Metwork Analysis Layer
" s
N etWO rk An a Iyst TOO I S . Copy Traversed Source Features
‘r\ Directions
‘r\ Make Closest Facility Analysis Layer

N etWO r k too I S ‘r\ Make Location-Allocation Analysis Layer

*.. Make OD Cost Matrix Analysis Layer
N

Trace Metwaerk Tools

¢ o Trace Configuration Make Route Analysis Layer

s . .
‘r\ Add MNetwork Attribute . Make Service Area Analysis Layer

‘r\ Make Vehicle Routing Problem Analysis Layer

‘r\ Convert Geometric Network To Trace Netwerk

., Create Trace Network Share As Route Layers

.. Disable Network Topology ., Solve

“, Enable Network Topology 4 & Turn Feature Class 1 &9 Network Dataset

a—\ Set Flow Direction ;\ Create Turn Feature Class ‘\ Build Network

*, Set Network Attribute *., Increase Maximum Edges “\ Create Network Dataset

4"\ ligee 4!'\ Populate Altemate D Fields ‘r\ Create Metwork Dataset From Template

*., Validate Network Topology *.. Turn Table To Turn Feature Class *, Create Tem plate From Metwork Dataset
Utility Metwork Tools “.. Update by Altemnate ID Fields *., Dissolve Network

~ Update by Geometry ‘r\ Make Metwork Dataset Layer


https://pro.arcgis.com/en/pro-app/latest/help/analysis/networks/network-analyst-tutorials.htm

Zahrnuti rychlosti do sitovych
analyz

* Rychlost = nahrada (doplnék, povinny atribut) za(ke) vzdalenost(i) pfi
tvorbé analyz

* Slouzi k vypoctu Casové zatéze pro dané useky

* Vlychazi se z limith (doporucenych/primérnych...) rychlosti na
jednotlivych tridach komunikaci

Tab. 2 Ciselnik pramérnych rychlosti pouZivanych na jednotlivych typech segmentd sité silnicnich

komunikaci u piivodniho a zpfesnéného modelu sité silni¢nich komunikaci (Pfevzato od PENAZ, T.

2005, str. 4)
Pivodni postup | ZpFesnény (aktulni)
Zpiasob vyukiti k ikace (2003) postup (2004)
Priimérna dopravni | Primérna dopravni
rychlost [km.hed"] | rychlost [km.hod"]
dalniéni typ 85 85
silnice 1. kategorie 75 75
silnice 2. kategorie 55 55
hlavni priljezd 40 40
ulice 35 35
ti¢elovd komunikace (v¢. silnic 3. kategorie) zahrnuto do ,ostatni* 40
zpevnéna cesta zahrnuto do ..ostatni* 20
pfemosténi Zeleznic zahrnuto do ..ostatni* 30
ostatn{ 30 20




Priprava dat - Zahrnuti rychlosti
do sitovych analyz

T‘r’ I’ dy k O m u n | ka CI’ K at a | O g Katastr nemovitosti RUIAN ZABAGEDZ - polohopis ZABAGEDE - vy3kopis Ortofoto JYETAN Bodova pole Geonames LMS Archivilie
N awd
D a t a 2 O O ( C U Z K) Nyni jste zde: Datové sady / Mapy / Data200 / Data200 - véechny vrstvy
+ Data200 - viechny vrstvy

Topograficka databaze Ceské republiky (Data200) - informace o produktu
,14, 15, 16, 984“ e

vSechny vrstvy " pronlizet data

Vypocet atributu:
V»’/ p Oéet d é I ky ka 2 d é h 0 Topograficka databaze Ceské republiky (Data200) - viechny

' vrstwy
ASCII formatu) Text Konkrétni jméno
7 k k H k N_P Nevyplnéno =
U Se U O l I I U n I a Ce N A Pro konkrétni feafure nema ddaj vyznam
7 UNK Nevi se *
Pfipoieni tabulkv s NAMAZ i NP |Newoninos
p J y N_A Pro konkrétni feature nema (daj vyznam
. NLNA Kéd 1. narodniho jazyka pro CZE Konkrétni kad narodniho jazyka
r c h I O St m I NAMN1dle ISO 639-2/B Ghar N_A Pro konkrétni feature nema udaj vyznam
y NLN2 Kod 2. narodniho jazyka pro Text Konkrétni kod narodniho jazyka *
NANMN2 dle ISO 639-2/B Ghar N_A Pro konkretni feature nema tdaj vyznam
7 v v J4 7 v . 0 Nevi se *
V VvV n r n | . Integer, 1 Zpevnény povrch (viechny silnice) op -
y p O C et Ca S O e a O C O St RST Typ povrchu silnice Coded. 2 Nezpevnény povrch (u neudrZovanych cesty
v A4 997 Nevyplnéno *
pro kazdy usek | I T R
R, nteger elorodni vyuZiti
RSU Sezonni vyuziti Coded 2 Sezonni vyuziti
997 NevypInéno * Sho
UNK Nevi se ™
RTE Mezinarodni oznaCeni silnice Char Text Konkrétni oznaceni
N_A Pro konkrétni feature nema Udaj vyznam
UNK Nevi se * ekého
RTN Nérodni oznaceni silnice Char Text Konkrétni oznageni
N_A Pro konkrétni feature nema (daj vyznam
0 Nevi se *
14 Silnice |. fF.
RTT Kategorie silnice pro ERM Integer, 15 Silnice 11 fF.
Goded, 16 Dalnice a rychlostni silnice
984 Silnice Ill. tf., neevidované silnice, ulice
o 0 Nevi se*
Evropska sit silnic Integer, et aftE
TEN " 1 Soucast sité TEN
(dle dokumentu GTS) Goded 2 Neni sougast sits TEN
0 Nevi se *
1 Silnice bez poplatka
Kategorie zpoplatnéni 2 Poplatky formou elektronického mytného *
3 Poplatky formou dalniéni znamky
9 NevypInéno




Rychlost v datech OSM

https://wiki.openstreetmap.org/wiki/Key:highway#Roads https://wiki.openstreetmap.org/wiki/OSM tags for routing/Maxspeed

3 § . . PO
iki/OSM_tags_for_routing/Maxspeed oo Vyhledat
‘g/wiki/Keyhighway#Roads B o O & vyhledat oo v OO . N i e E]. o ﬁ (j ¥ 0% +@OOQ
Roadi Living
s Motorway Trunk Primary Secondary Tertiary Unclassified Residential
These are the principal tags for the road network. They range from the most to least important. t t T T T
link outside inside outside inside outside inside outside inside outside inside outside inside
place= place= place= place= place= place= place= place= place= place= place= place= |
A restricted access major divided highway, normally with 2 or more _ = 10 90 |90 60 90 60 90 60 90 60 90 60 90 60 20
highway motorway @ running lanes plus emergency hard shoulder. Equivalent to the Freeway, 130 130 100 (*7) 100 (*7) 100 (*7) 100 (*7) 100 (*7) 50 (*7) 54('8)
Autobahin, efc.. _ 10 80 |80 5 8 50 80 50 80 0 70 50 |50 50 20
70 70 70 70 70 70
120 50 50 50 50 50 50 20
920 90 92 20 90 920
nigh runk o The most important roads in a country's system that aren't motorways.
Cany " (Need not necessarily be a divided highway.) Ly i Ll %0 % L %0 o0 Ll s 30 % { % 40 39
140 120 50 90 50 90 50 90 50 90 50 90 50 20
130 20 50 920 50 2 50 20 50 20 50 20 50 20
130 80 80 80 50 80 50 80 50 80 50 80 50 15
. The next most important roads in a country's system. (Often link larger & 2o [0 0 20 a0 0 = & 0 50 50 & 20 20
highway primary ] towns.) 120 80 | 100 60 80 50 80 50 60 50 80 50 80 50 20
130 110 110 20 50 20 50 20 50 920 50 920 50 20
130(*1) 80 130(*1) 50 100 50 100 50 100 50 100 50 100 50 4('2)
130 10 110 90 50 90 50 90 50 90 50 90 50 20
130 10 110 90 50 20 50 20 50 90 50 90 50
highway secondary @ The next most important roads in a country’s system. (Often link towns.) 100 120
80 50 80 50 80 50 80 50 80 50 80 50
(*12) (*12)
120 920 110 70 100 50 100 50 100 50 100 50 80 50
120 120 | 100 100 (*3) | 100 100 (*3) 80 80('3) 80 80(3) 80 80(*3) |50 50(3) NA
o - 2 The next most important roads in a country's system. (Often link smaller UL (8) (l}e) uLee) 50 uL(e) | 50 uLee) |50 uLee) |50 uLee) |50 uLee) 30 2
towns and villages)
110 20 100 100 80 50 80 50 80 50 80 50 80 50 15
§ ICéte d'lvoire 120 10 | 110 110 20 60 (*14) 90 60 (*14) 90 60 (*14) 90 60 (*14) 90 60 (*14) NA
The least most important through roads in a country’s system —i.e. minor 100



https://wiki.openstreetmap.org/wiki/Key:highway#Roads
https://wiki.openstreetmap.org/wiki/OSM_tags_for_routing/Maxspeed

Network Analyst v QGISu

Manual: https://docs.qgis.org/3.4/en/docs/training manual/vector analysis/network analysis.html

Bohuzel ma omezenou funkcionalitu, ne vSechny nastroje a nelze
vytvaret bariéry.

~ (2} Sitovd analjza
o Mejkratéi cesta (bod k bodu)
w Mejkratsi cesta (bod k vrstvé)
. Mejkratii cesta (vrstva k bodu)
« Servisni oblast (z bodu)
= Servisni oblast (z vrstwy)


https://docs.qgis.org/3.4/en/docs/training_manual/vector_analysis/network_analysis.html

Tvorba sitovéeho modelu

Network Analyst bézi pouze nad Feature Datasetem (se souradnicovym
systémem), proto je potreba jej prvni vytvorit a nasledné do néj v

Catalogu importovat (vasi) silni¢ni sit

Geoprocessing

® Create Feature Dataset

Parameters Environments

Output Geodatabase

| MyProjects.gdb

Feature Dataset Mame

| Metwork

) Coordinate System
S-JTSK _Krovak_East_Morth

Catalog
Project Portal Favorites

21| Search Project

b gl Maps
b @l Toolboxes
4 5l Databases
4 B MyProject8.gdb
v [P0 NetDataset
ETJ Metwork
b [ RouteSolverlolbkfw
v [P0 RouteSolverivndrg
cesty_gdb
b fgd Styles
P i Folders

b 4 Locators

| b el Bang

New JOXES
+  Add To Current Map bases
+  Add To New 3 yProjectS.gdb
Import 2 Feature Class(es)
Export
RouteSolverlolbkfw
Manage RouteSolverlvndug
S Refresh cesty_gdb
Nocut Chrl+ i

are



Tvorba sitovéeho modelu

Samotny Network Dataset se da vytvorit:

a) Pomoci nastroje Create Network Dataset

b) Primo v Feature Datasetu ®© Create Network Dataset @
- | 4 [ Databases Parameters Environments @

4 f_zﬂ'i MyProjectd.gdb

Target Feature Dataset

Mew > | Feature Class | | Network | =
+ Add To Current Map % Relationship Class _,  MNetwork Dataset Name
* Add To New y  HI Topology | Net_dataset |
Import 3 #7 Network Dataset Source Feature Classes Select All ¥
Export 5 @ Parcel Fabric @ cesty_vyrez

L

Elevation Model

| Mo elevation w |




Tvorba sitovéeho modelu

Ve Vlastnostech V katalogu (Travel These are the available cost attributes of the network dataset.

B | cost Units

Attributes — Costs) potreba pridat - © = -
casovou narocnost.

¥ —— Distance

@ Length | Field Script: time [cesty_vyrez (Along)] C

Casovou naro¢nost pridate vytvofenim .

nové Cost [,ndzev_sloupce”] a | rean

pFidanim prislusn&ho sloupce do VB @ s sermuines B

Skriptu (pokud nepojede, mozna nutno pridat rozsifeny |”_m |

nazev sloupce — Ize zjistit najetim na nazev sloupce v atr. e

tabulce. Mélo by fungovat [“ndzev_souboru”_“ndzev [ Minutes -]

sloupce”]). poka ype

Vytvorte nové Travel Mody pro ¢as i e [

pro vzdalenost. B | soure Trpe vaue -
“ Edges |

. . Ve . cesty_vyrez (Along) Field Script [cesty_vyrez_cas]

Jakmile je model pfipraven, je ety s Gt Sy e

potfeba jej ,postavit” (pravym -> © s

Bui/d) Net_dataset_Junctions Same as Default

e
= Nafanli= - n

Learn more about cost attribute settings



Ulohy v GIS

Analyza oblasti sluzeb — ,,spadovost”

Analyza trasy — nejkratsi, nejrychlejsi, nejoptimalné;jsi

Analyza nejblizsiho zarizeni — poCet zarizeni, smér

Analyza lokace-alokace — nejefektivnéjsi umisténi bod( v grafu
Analyza OD cenové matice — vypocet tras pro vétsi pocet cill

Analyza rozvozniho problému — minimalizovani celkovych nakladtd pro
obslouzeni vsech mist New Network Ansyss Type

P Service Area
. Generate drive-time polygons,

L Route
"0 Find the shortest path between stops,

T Closest Facility
. Find nearby locations,

—¥ Location-Allocation
+—'7_“‘| Choose the best locations.

|El Origin-Destination Cost Matrix
" Measure drive times between locations.

g—o] Vehicle Routing Problem
7 Optimize the delivery schedule for a fleet of vehicles,




Prvky modelu

4 2D Layers
4|+ Route
- [ Stops | misto obsluhy
- I [w| Routes cesta
- I [w| Point Barriers
- I [w| Line Barriers bariéry

~ I [w| Polygon Barriers



Qur

File Edit View Bookmarks

Depds
[RAMO
Network Analyst

B x
&

e k2
AR Ky

Route

[= Stops (2)
© Graphic Pick 1
© Graphic Pick 2
=]
= Graphic Pick 1 - Graphi

= Point Barriers (0)
Restriction (0)
Added Cost (0)

[= Line Barriers (0)
Restriction (0)
Scaled Cost (0)

= Polygon Barriers (0)
Restriction (0)
Scaled Cost (0)

Analyza trasy

Umisténi pocatecniho, koncového a prijezdného bodu

o

N -

Insert Selection Geoprocessing Customize Windows
‘| & - [[1:125000
xo QU

2 X Table Of Content File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

- 2 BEDE0 -,

7

Dpdasl B x|»

Help

FEEE 3

Bl

Attribute
ObjectiD
Name

FirstStopID
LastStopID
StopCount

Value
1

Graphic Pick 1 - Gra

1
2
2

Q Properties - Routes

Total_Length 24726,894136

Number of features selected: 1

RAMNQ I €« K-0 k@ pel P
C # X Table Of Contents x
4 .Sto 8g8|3
= = Layers
?. ic Pi B yRoute
® © Graphic Pick 1
= © Graphic Pick 2 Stops
L o1 poi| @ Graphic Pick 3 ’. Located
© Graphic Pick 4 2@ Unlocated
9 . Error
Q |- Graphic Pick 1 - Graphi B Time Violation
‘| = Point Barriers (0) M Point Barriers
8@ Rov Restriction (0) @ Error
- Added Cost (0) €D Restriction
7B Lind o Line Barriers (0) © Added Cost
- Restriction (0) =M Routes
o= Scaled Cost (0) e
=8 Pol| = Polygon Barriers (0) Line Barriers
al Restriction (0) @ Restriction
& Scaled Cost (0) = Scaled Cost
=M Polygon Barriers
&) Restriction
\J5 Scaled Cost
B Properties - Routes X
Attribute Value
ObjecthD 2
Name Graphic Pick 1 - Graphic Pick 4
FirstStopID 1
LastStopD 4
StopCount 4
Total_Length 78922,014002
Lo
=

Number of features selected: 1

Network Analys
Network Analyst~

(=H=RIE T

ArcToolbox

&l ArcToolbox

& @ 3D Analyst Tools

# @ Analysis Tools

# @ Cartography Tools

& @ Conversion Tools

# @ Data Interoperability Tools
# @ Data Management Tools
® @ Editing Tools

# @ Geocoding Tools

# @ Geostatistical Analyst Tools
# @ Linear Referencing Tools
@ Multidimension Tools

& @ Network Analyst Tools

i @ Parcel Fabric Tools

& @ Server Tools

& @ Schematics Tools

i B Space Time Pattern Mining Tools

# @ Spatial Analyst Tools
# @ Spatial Statistics Tools
# @ Tracking Analyst Tools

[EJResults [@ ArcToolbox |

yoseag &l ﬁomegﬂ‘
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Analyza oblasti sluzeb — ,,spadovost”

* Vymezi oblast dostupnosti sluzeb v okoli libovolného mista v siti

* Impedance (napf. 5-ti minutova vzdalenost od/k uvedeného/mu bodu)




Network Analyst

Service Area

1x
V|

Facilities (166)
=] Polygons (3)
015-20
™ 10-15
= 0-10
Lines (0)
= Point Barriers (0)
Restriction (0)
Added Cost (0)
= Line Barriers (0)
Restriction (0)
Scaled Cost (0)
= Polygon Barriers (0)
Restriction (0)
Scaled Cost (0)

RUzné nastaveni geometrii vystupu:

Polygons

Standard Precision w |
Overlap v | B~
Rings -

COutput Geometry



rks Insert Selection Geoprocessing Customize Windows Help

o o - |[12443327 v||x:|EEDIhEENet\mrkAnalyst'| -5 o 8 3 [ siinicni sit ND v|§9ﬁ5
'E|'¢'|°;/|%|H:%%|E]|@E§@-Eﬁﬁ@ EIFNCE IEEE : Drawing~ K () % O - A - 7= |[@) Avial o V] ulA-S -2 .
- X Network Analyst 1 x

il -
- |Sewice Area v| 3

Facilities (166)
Polygons (0)

= Point Barriers (0)
Restriction (0)
Added Cost (0)

=l Line Barriers (0)
Restriction (0)
Scaled Cost (0)

= Polygon Barriers (0)
Restriction (0)
Scaled Cost (0)

>

AR

(2] R
L ADERS




Analyza lokace-alokace

* Vyhledava rizné idedIni kandidaty podle zvoleného nastaveni

* Minimalizovani impedance (zatéze), maximalizovani pokryti,
minimalizovani zafizeni, maximalizovani navstévnosti, maximalizovani
podilu na trhu, cilovy podil na trhu

Q@ untitled - ArcMap
file Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

DBE& LB x (0o $-[2mes |2 ERHEBO| e NetworkAnalyst- [E] - . B 5 [sinicni sit ND VIR
RQOQN e+ [H-UIN0 B KA DR, O EE el [ @B Dawing- & 4 E 0~ A - [0 Adal v v[BrulA-D-2-~-§
Table Of Contents % x Network Analyst »x ~
Location-Allocation
| [ @ Facilities (166)
Lines (166)
= Point Barriers (0)
[ candidate Restriction (0)
[ chosen Added Cost (0)
[E] Required E Line Barriers (0)
[ Competitor Restriction (0)
?[Junlocated Candic Scaled Cost (0)
?[Juniocated Choser = Polygon Barriers (0)
?[Junlocated Requir Restriction (0)
?[_Junlocated Compe Scaled Cost (0)
=¥ Demand Points
@ Error
@ located

? O Unlocated
=@ Point Barriers

@ Error

€ Restriction

Q) Added Cost

i
== Restriction
<= Scaled Cost

olygon Barriers

(B Restriction
\I5Sealed Cost
= O obce_skladky_sel
L]
= O silnicni_sit

ine Barriers

E O Service Area
Facilities
@ Error
® Located
?@uniocated

Solve completed




Analyza OD cenove matice

,klasicka®“ kombinacni tabulka vzdalenosti mezi body datasetu

Q uniit

ed - ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

Ded& =]
HQMQ i -
Table Of Contents
Ese8ia

& - Y4 31 @ ®I | $= _ : Network Analyst~ o, 8 5 sinicni sit ND
k@ BLALS B = i) [
* X Network Analyst

OD Cost Matrix ~

= & Layers

(= O obce_spalovny

)

(= & OD Cost Matrix
= Qrigins
. Error
. Located
2@ Unlocated
- Destinations
- Error
- Located
?.Unlo(ated
b Point Barriers
9 Error
ORestrictiom
) Added Cost

=8 Lines
— [EGES
Line Barriers

= Restriction
= Scaled Cost
[=-& Palygon Barriers
£ Restriction
| Scaled Cost
= O obce_skladky_sel
-]
= O silnicni_sit

=] silnicni_sit_ND
Edges

CliR
O-A-

[100%} # B | Drawing~ & @Ama\

v vl rulAL R 2.

7 x

Origins (13)
Destinations (13)
Lines (169)

=l Point Barriers (0)
Restriction (0)
Added Cost (0)

= Line Barriers (0)
Restriction (0)
Scaled Cost (0)

= Polygon Barriers (0)
Restriction (0)
Scaled Cost (0)

Solve completed




Analyza rozvozniho problému

* Podobné Analyze nejlepsi trasy

*Hlavni cile:
* Obslouzeni vSech mist poptavky
* Optimalizace trasy podle prijezdnych bodu
* Minimalizace ndkladt

* Vyuziti:

* Logistika
* ,Kontaktni“ marketing
* Krizovy management
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