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Network Analyst

ArcGIS advanced training

Advanced Geoprocessing Tools

What's the use of Network Analyst tool?

e (Calculate fastest road from point A (MSF office) multiple points
e Create service areas (Accessibility buffers around a point)

e (Calculate the best itinerary to visit multiple destinations

e Create table of distances from point A to multiple points

In this tutorial the Network Analyst Tool will be used to calculate the fastest road
from the MSF Office to each Health facilities. As a result, a road shapefile with the
attributes of road length, name of origin and destination will be obtained.

Main Steps

Getting software & data ready
Build the road network
Create the analysis
Symbology
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1. Getting software & data ready

Activate extension

Extensions

>In Customize / Extensions check « Network Analyst » Select the extensions you want o use.

------ 30 Analyst
b1 ArcSecan
-.[] Geostatistical Analyst
Add the t00|bar ,,,,, Network Analyst
...l Puhlisher
>In Customize / Toolbars check « Network Analyst »
- = =P Lrata U'riven PEQES
Customize | Windows Help Data Frame Tools
Toolbars 4 | Distributed Geodatabase
Extensions... Draw
Add-In Manager... Edit Vertices
Customize Mode... Editor
Style Manager... Effects
ArcMap Options... Feature Cache
" Feature Construction
Layout
Metwork Analyst
Parcel Editor = & Data Management Tools.tbx
# & Archiving
@ & Attachments
# & Data Comparison
+ &- Distributed Geodatabase
# & Domains
Road |ayer +) & Feature Class
= &- Features
> Export AOI roads only (faster processing) ) AddGesmetil ARbe;
v Add XY Coordinates
> Check/Repair geometry *\ Adjust 3D Z
o~ . . L
. . . s B Dist Tol
> Add a new field in the attribute table < (:i';:%.;::f Y ne
o « hierarchy » as an integer *\ Repair Geometry
o classify roads by categories:
- 1 main roads (osm: trunk+ primary), o pe iy
- 2 secondary roads (osm: secondary + tertiary), T :
- i . Rua John lzsa residential 3
3 tertlary roads (Osm' Other roads) Avenida Patrice Lumumb |residential 3
Rua José Sidumo residential 3
Avenida Amilcar Cabral |secondary 1
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Bl Copy
Database
% Delete £ Folder
> Ensure you have a gdb ] Rename | i File Geodatabase
> Else create one s Refresh L4 Personal Geodatabase
| New }| u.;-,-l Database Connecticn...
E] Item Description.. Q7 ArcGIS Server Connection..,
[ Properties... & Loyer..
&4 Group Layer
E.) Python Toolbox
[] Shapefile...

2.

)Catalog o x
4 —_——

T oo @ E e
Location: |'ﬁ Transportation

'ﬁ Landuse -

[ Locations

[ MsF

IZp pol

SRS ransp ety
= beif & Copy
(=] bei
[E meo
[~ mo
<] mo Rename
] me Refresh

= ma M 2
B me anage 3

L |

sainjead apeai B | sainquiy [

X Delete

§F]

Feature Class... | Mew 3

Relationship Class... Import »

Terrain... Export L4

|§ ltem Description...

Metwork Dataset... |

[EgRe g HIFNe

Topo =

0222

Mew Network Dataset

Parce
Create a new network dataset in

Geor this feature dataset.

_Junctions
Requires the Metwork Analyst
extension. Disabled if that
extension is not checked in the
Customize > Extensions dialog.

170323
170325

TTF

HLS

moz.gdb v
< >

Build the road network

Network dataset

This step is the longest and the nhumber
of parameters will depend on your data
and its quality.

You can create a complex model based
on many inputs (speed, hierarchy,
bridges, one way, elevation...) or, as in
this example, a very simple one (based
only on hierarchy and length) as it is a
network build remotely - no accurate
knowledge of the field and with open
source data.

1. Inthe gdb add a « new network
dataset »
Select transportation feature class

Model turns
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AJ“IEW Metwork Dataset

Select the feature classes that will participate in the netwark dataset:

L= beira_rds_|_msf

L= beira_rds_|_msf_wgs84_clip

[ (=) moz_airdrm_|_osm_110315

[ (=) moz_GAACsAccess_|_osm_msf_231215
= moz_rds_|_cenacarta_161027

L= moz_rds_|_dew

L1(=] moz_rds_|_msf

[ moz_rds_|_osm_160912_selection
(=) moz_rdsGAACs_|_osm_msf_231215
L= moz_riw | cenacarta

—f‘f":lew Metwork Dataset

Do you want to model tums in this networ 7

(I No
(@) Yes

Tum Sources:

<Global Turns=

Here it is a simple analysis so I select only one layer but you can mix railway with

several road layers, foothways...

Next, -
4. Connectivity (any
vertex)

5. Use elevation as a cost

Connectivity: We advise you
choose “any vertex” so that two
crossing lines can connect even
if they don’t have an “end
point” at this location.

JE w MNetwork Dataset

The default connectivity settings for network datasets establish connectivity
only at coincident endpoints of line features during the build process.

ff you want to use different connectivity settings, click the Connectivity button
below. You can change the connectivity settings now, or you can change
them after the network dataset has been created.

Connectivity. ..

Connectivity

Connectivity Groups:

Source Connectivity Policy 1

moz_rds_|_osm_160912_selection |End Point

J/few Metwork Dataset

i) None

lsing £ Coordinate Values from Geometry
(®) Using Elevation Fields

How would you like to model the elevation of your network features?

End Point

You can add elevation as a
cost if  you have a
corresponding field in your
attribute table.
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Additional parameters

Depending on your data quality and your knowledge of the field of study you can
also:

> Add “Length” as a cost
> Add “road classification” as a hierarchy
> Add “speed limit” as a cost

> Add “one way” as a restriction

Here length from origin to arrival is a “cost” (analysis will choose the shortest path) and the
road classification is a “hierarchy” so the analysis will favor a primary road over a pathway.
You can also choose some parameters as “restriction”, for example if you have a field about

bridge presence on the road, you can add “no bridge” as a restriction. That way the model
will not choose road with bridges.

6. Add « Hierarchy » parameter

Mew Metwork Dataset )

Specify the attributes for the network dataset:

'@ MName Usage Units Data Type Add... |
& |ength Cost Meters Double
Remove
Remove All
Rename
Add New Attribute |
Duplicate
Mame: road_dassification]| | | oK I
Ranges...
Usage Type: Hierarchy v Cancel
) Parameters...
Units: Unknown
Evaluators...
Data Type: Integer
Restriction Usage: Prohibited
Add Mew Attribute >
Use by Default
Mame: road_classification| | [ o
|Usage Type: Hierarchy v Cancel
Units: Unknown
Data Type: Integer
Restriction Usage: Prohibited
IUse by Default
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7. Check “hierarchy” ranges

Based on the field you added as the hierarchy at the beginning, choose which
numbers will be considered as “primary roads”, “secondary” or “tertiary”. Notice only
three categories are accepted by the software, you could have in your original data
source 10 categories and choose:

- 1-4 are to be considered as “Primary roads” for the model, 5-7 “secondary roads”
and 8-10 “local roads.

- 1-2 “Primary roads”, 3-4 “secondary” and 5-7 “local road” and 8-10 not need for
the model.

New Network Dataset

Specify the attnbutes for the network dataset

! @ Name Usage Units Data Type Add...

© Length Cost Meters Double

@ [ Remove

( Hierarchy Ranges ﬁ‘ Rename
upto 7ﬂ 2 2-2 3 % and higher Duplicate
o o o o ET—
Primary Roads Secondary Roads Local Roads Parameters...
[ OK | | Cancel Evaluators...

road_classification Hierarchy Unknown Integer

8. Check evaluators

> For Length make sure the evaluator is length (by default it can be shape)

> For road_classification make sure the evaluator is hierarchy

New Network Dataset

Specify the attributes for the network dataset:
! @ Name Usage Units Data Type Add
© Length Cost Meters Double

(3

e - - Remaove
road_classification Hierarchy Unknown Integer

- Remove All
Evaluators I.ihj
ename

Attribute: lLength —

Duplicate
Attribute Values:

Ranges..
Source Values | Default Values
arameters

valuators

! Source Direction Element Type Value
moz_rds_|_osm_180.. From-To Edge Field Shape_Length

moz_rds_|_osm_180.. To-From Edge Field Shape_Length -

Shape
Shape_Length
osm_id

=) [
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Evaluators

Attribute: l road_classification i

Attribute Values:

Source Values | pefault Values

! Source Direction Element Type Value
moz_rds_|_osm_180.. From-To Edge Field hierarchy

moz_rds_|_osm_180.. To-From Edge Field |hierarchy - I
&f

bridge |

9. Final steps Name the model and check the summary

Mew Metwork Dataset

Travel Mode: moz_hierachy v| E SSELTLETL
Default Travel Mode: moz_hierachr
Settings
Description: He:stnc:tmns
Type: | Automobile w |
Impedance: | Length (Kilometers) o |
Time Attribute:
Distance Attribute: | Length (Kilometers) - |
|J-Tums at Junctions: | Allowed A |
Simplfication Tolerance: ] 0 w
IIse Hierarchy
| Parameter Values...

Adding Metwork Layer

Do you also want to add all feature classes that participate in
‘Transportation_MD" to the map?

Yes | | Mo
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Result

You can see three new layers on your map: junctions, roads, edges. You won't use
them so you don’t have to answer “yes” when ArcGIS asks if you want them to be
added on the map.

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

-leﬂis o ox S
e NE
= = Layers

= moz_rds_|_osm_160222

= Transportation_MND
— Edges
= moz_rds_|_osm_160222
hierarchy
—1
— 2
3

3. Create the analysis

Analysis possible:

> Open your Network analyst toolbar

- X
Network Analyst =|| Epl | « % w7, f @ |tlﬂn5pﬂl‘tﬂtiﬂl‘l_”[} i |ﬁg M

Mew Route

Mew Service Area

New Closest Facility We will perform « Closest facility

analysis » to find fastest routes

Mew OD Cost Matrix from MSF Office to every point of
Mew Vehicle Routing Problem /nte_rest_ and obtain a length
estimation.

Mew Location-4Allocation

Options...
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1. Select "New Closest Facility”, and we will define the starting point as the MSF
Office, and the many destination points as the “health facilities” MSF team is
interested in.

J B2 R R TRl Dewing- K a- ﬁ,mhrﬁf’v ] - | Drawing~ K i
-
;| Network Analyst~ | |E¥ Transportation_ND MNetweork Analyst + S Transportation_ND
New Route
— New Service Area Network Analyst window a
| New Closest Facility | Open the Metwork Analyst
New 0D Cost Mat— window. This window enables you
e e New Closest Facility tUE;nVanEge tilm.culntents of )
New L ion-All Create a Closest Facility analysis e DR aEE Su,c a,s
SO T layer. the stops, routes, and barriers in a
route layer.
The closest facility selver finds the
cost of traveling between
incidents and facilities and
determines which are nearest to
one other. The output includes a 2. In the “Network Analyst
ranking of facilities by least
e Toolbar”, open the "“Network Analyst
along with routing directions 4
N Window” to access the menu where you
Disabled if a network dataset layer can input starting and ending points.
is not in the table of contents.

&

3. The Network Analyst Window is composed as follows:

: _A\rmrk Enalyst

| “Facilities”: Starting point of the
R analysis. All distance and routes will

T start from this point(s).
Incidents () 4 
Ro.utes {m. "Incidents”: Ending points of the
= Point Barriers (0) analysis. All distance and routes will
Restriction (0) be calculated individually from
Added Cost (0) starting point to each ending point.
= Line Barriers (0}
Restriction (0]
Scaled Cost (0) Notice you can also input “Point barriers” like
= Polygon Barriers (0) bridges, checkpoints, “Line barriers” such as
Restriction (0) international borders, rivers or “Polygon barriers”
Scaled Cost (0) for military zones, deep forests...

Those default names can be changed to better suits your needs.
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4. Load “Facilities”: MSF Office (starting point)

> Right-clic on “Facilities” in the “"Network Analyst Window”
> Select “"Load locations” in the menu
> Select the layer containing your MSF Office in “Load From”
> Check the field containing the name of the office is the one mention
below
inmrkhnalysl O x
1| Closest Facility v|
Incidents Load From: ’MaputuMSFuﬁl:e =]
/] Only show peint layers
Ro.utes [{ Only load selected rows
= Point Bal Sort Field: i
Restr|
Mde Location Analysis Properties
} o Line Barr »  Delete All Property Field Default value
Restr Selection 3 zix;ppmam teme Either side of vehide
Scalel - Attr_Length o .EI
= Polygon | = ;"e”ﬁ?:b“t”“'e = [ made a definition query on
Restrl port Data...
_____ @ ZoomTo Layer v my layer to have only one
B Find Address.. point.
| Load Locations... (®) Use Geometry
Recalculate Location Fi Load Locations o e ok et -
Use Network Location Fields
[ Properties... Load records, features, graphics,
or other network analysis objects Froperty Field =
into the active network analysis z::;z:;]m Source
class. PosAlong .
Advanced... | Aboutload locatio =
Metwork Analyst J
| Closest Facility
N R
E] Facilities (1)|
When you validate, you will see in the “"Network Analyst ( Maputo
Window” the number of “Facilities” has increased from 0O Incidents ()
to 1 and the name of the office is mentioned. Routes (0)
= Point Barriers (0}
Restriction (0)

5. Load “Incidents”: Health facilities (ending points)

> Right-clic on “Incidents” in the “Network Analyst Window”

> Select “Load locations” in the menu

> Select the layer containing your Health facilities of interest (make a
definition query on your layer if needed) in “Load From”

> Check the field containing the name of the Health facilities is the one
mention below

10
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Load Locations x
{ rk Analyst o x Load From: [ moz_Us_TARV_MAPUTO_TETE 180209 =l &
. [l only show peint layers
| Closest Facility ~ ‘ Only load selected rows
= Facilities (1) ~ Sort Field: Distritos ~
() Maputo
Location Analysis Properties
Routes ( Property Field Default Valus
= Point Bar Name Unidades_Sanitarias
TargetFaciityCount
Restri Curbapproach ither sice of vehide
Addeq Attr_Length 0
= Line Barr: oo Cutoff_Length
Restri % —
Scaley i Selection Metwork Analyst
& Polygon B Open Attribute Table v
== o 7 Location Pasition .
o port Data...
Closest Facility

'_;’ Zoom To Layer

Search Tolerance: Meters
Find Address... HHH
# e = (O Use Network Location Fields IEI FaclII'tI'E'S [1]
‘ Load Locations...
Recalculate Locat) | gad Locations :rWEr?D Feld O M 2 FI uto
ource! -
[“f' Properties... Load records, features, graphics, SourceOlD = Incidents {1 Bﬁ}
or other network analysis objects PosAlang
into the active network analysis | | -oe=tE=s D C.S. I:a||:|r'|"||_|E
Advanced... | aboutload locations | 2 I:l C.5 Catondo
[] C.5 Chiwala
I IF q n SIS

6. Check in the Table of Content

le Of Contents
B S 8|HE

E = layers
y
=0 Facilities
@ Error
O Located
2" Unlocated
=0 Incidents
[l Error
I:‘ Located
?[]Unlocated
=& Point Barriers
e Errar
ORe:triction
) Added Cost
= Routes
== Routes
=M Line Barriers
=== Restriction
cmScaled Cost
=M Polygon Barriers
nRestriction
[LT)Scaled Cost

In the “Table of Content” you can see a symbology for
“Error”, “Located” and “Unlocated” features you just input.

Check how many “Unlocated” features you have in both
“Facilities” and "“Incidents”. One way to diminish this
number is to use the “Use Geometry” functionality while
loading “Facilities” and/or “Incidents”.

mention to consider the [ o Matane

D Cs. Nhongonhane (Eduarde Mondlane)

It will use the “search N

tolerance distance” you F
feature is connected to [~ I cenrgn
the road if the distance ?EEZ'.EW,
between the unlocated |- (] o Habel Jafar
feature and the road is |/ ° EEZIZ’SZE‘:;
inferior to this distance. ﬁ%lf ] Ce atutine

[ ¢s. Hindane
[71 Cs, Santa Maria (Santa Martal

Of course the distance you will obtain from the MSF Office to this point will be a very
rough estimation as it will only take into account the distance from the MSF Office to the
end of the road, then it will be missing from the end of the road to the Health facility.
The choice is yours to use or not this option.

7. Solve the analysis

11
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Back on the “"Network Analyst Toolbar” click on
“Solve”.

| -]
A‘Atwork Analyst ~ ﬁ; [ar_E Transportation_MND

| Solve

Run the current analysis.

Result

You will obtain the “Routes” connecting the starting point to every ending point (in
brown here). You can see them on your table of Content under “Routes” and we
strongly advise to register this data in a layer so you can edit it.

Opening the « Route » attribute table have information on:
- The length of the total path,

- The name of the road,

And you visualize it on the map.

‘\/—\h \ Routes _ _ _ _ -
5.‘ Object!D Shape FacilitylD FacilityRank Name IncidentCurbAppro| FacilityCurbApproach IncidentlD Total_Length
27 |Polyline M 1 1 |Cs. De Mahel - Maputo Right side of vehicle Right side of vehicle 213 209.573918
29 |Polyline M 1 1 |Cs. Chicutso - Maputo Right side of vehicle Right side of vehicle 215 227.386419
31 |Polyline M 1 1 |Cs. Moine - Maputo Right side of vehicle Right side of vehicle 217 183.110087
34 | Polyline M 1 1|Cs. - Maputo Left side of vehicle Right side of vehicle 220 26747313
35 | Polyline M 1 1 |Cs. Chichuco - Maputo Right side of vehicle Right side of vehicle 221 227388419
o ook oM E {5 out of 80 Selected]
Incidents | Routes
e KV o |
= |
%] \ J = shp
= = TIF
—E [ XLg
Fr =2+ Network Analyst o x 3 mo
ERYe
- ‘Clusest Facility V| 3 Nel
] = Fadilities (1) ~ aps
. (O Maputo 07_H
Incidents (84) 0Z_k
o e0) o7
== Cs. De Boane - Maputo roject
== Ps. Da Matola Rio - Maputo FNMAf
= Cs, Massaca | (Casa do Gaiata) - Maputo RU (5
= Cs. De Mahanhane - Maputo AL
= Cs, De Mahube - Mapute EE
= Cs. Mulotana - Maputo
= Cs, De Campoane - Maputo v Mamg
PRV S S P I Fibo
EAed
Fele
TRHe
% La
@ Lo
7[5 M
== [Sille

12
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4. Symbology

ArcGIS advanced Training

The symbology can be tricky after a network analysis. This last part is to give you
tips and tricks about one way of making the symbology.

L ©5. DE MAHUBO
52 KM

G5. GOBA
TTKM

G3. MAHELANE
B3 KM

3. CHANG ALANE
TT KM

G3. HINDANE
BOKM

&

3. MATUTUINE
10 KM

In this example we want to label each “Health facility” with information contained in
two fields: the name of the health facility and its distance to the MSF Office, each on

a different line (vbnewline function in maplex).

Hatches Joins & Relates Time
General Source Selection Display Symbology Fields Definition Query
Label features in this layer
Method: Label all the features the same way. ~
All features will be labeled using the options specified.
Text Sting
Label Field: <expression Expression...
Text Symbol
\ ||£ﬂ Arial Namow V||9 v|
B-B U Symbol....
Cther Options Pre-defined Label Style
Placement Properties... Scale Range... Label Styles...

Label Expression

Expression  Maplex

Fields
Double-dlick to add a field into the expression
QBIECTID -
FacitylD
FadlityRank
MName
IncidentCurbApproach
FadlityCurbApproach v
redo_umn
Append Show Values... Display coded value description
Expression
Write the expression in the language of the selected parser. ] Advanced
: 1&-'\-'\-5: : '.':lu'\-E-.'. -'\-E : :E-'\-;:-'\-: 5‘. _.:-'\-'\-
Verify Reset Help Load... Save...
Parser:  |VBSaript o

13
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But the result is very messy!

What is proposed is to convert label to annotations.

Be careful when using this functionality. We advise to use it only if in a database,
never on the replica.

You can either store annotations in the gdb or in the map itself. The second option is
not to be advised as if you need to change your symbology, the label expression or
modify a label you have to start again as it is not dynamic. Saving the annotations in
the gdb is dynamic, so if you modify you label in the annotations it will also change
in the attribute table, and if you decide to change colours or to align text differently
it is working.

You should not use this functionality on a replica layer, as it will be considered as a
change in its data model and won't be able to perform synchronization anymore.

1. The first step is to save the “route” layer from the analysis result into a
database layer so you will be able to make modifications on it.

14
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2. Then, right-clic on the layer and select “Convert Labels to Annotations...” and
select “Store Annotations in a database”. You will see them appearing as a new
layer into the table of content.

ArcGIS advanced Training

So you can check/uncheck the

layer of annotation easily.
/

3 =
[J Closest Facility
=M™
— | B Copy
a8 Roa¢ X Remove
Y g Open Attribute Table
=Ti Joins and Relates »
M
—p{ @ Zoom To Layer
AP Z To Make V :
T Visible Scale Range v
¥ Bounda
& WLD_od Use Symbol Levels
Selection »
wl_repl Label Features
[ wrl_adr] Edit Features »
5k Convert Labels to Annotation...
L ‘:’.U Convert Features to Graphics... )
. N - Convert Labels to Annotation
. onvert Symbology to Represent
Location M i = 5 Converts labels currently drawn
[} wrl_adm Data on this data frame into annotation
- <> Save AslaverFile T

|
Convert Labels to Annoy
Store Annotation
@) In a database O Inthe fnap
Create Annotation For
(@) All features (O Features in cument extent
Feature
Feature Layer eaure | popend
Fastest routes ] O
/
| Tabte of Contents 2
3G8
RS Vain Map) v
=] Fastest_routesAnno
] Default
B Maputo MSF office

3. Move annotations by editing the layer, and use the arrow with “blue A” so the
line linked to the feature will move along.

To move annotations, open an editing session Then

_5 DeEd@s 38X~ use the special annotation arrow
DD RE DT
|| Editor~| » |"_.| - .

Start EGTTID Editing Options
7 %/ Stop Editing

General Topology Versioning Units = Annotation Agtribut
E [ SaveEdits = =
| Move... 1
Open the « options » [“1show resize and rotate handles
windows [[] Automatically follow linked line features
/ [[] Automatically follow linked polygon features
erge Leader Symbol
# Buffer... m \ ,
o AsBbYyZz | Leader...
B, Validate Features 0 .
If your annotations rotate Multiple Part Text Selection Symbol
Snapping and try to fix along a line
’ Choose how selected words of f N
More Editing Tools / » ou can check/uncheck multiple part annotation wil appear V5
g y parta /)

Editing Windows F 30

this box

Options... v

15
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Results

16



