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A- Create an accessibility map (walking,
cycling, car or public transport) from a
multimodal network

Warning

A Do not put blank or accent for directory and / or table names. Example:
Armentieres / voirie_decoupe_2senss
Most scripts used for: —

- modify the different road layers, nodes, ...
- create different networks (cycling, walking, transportation)

can be found in the processing toolbox, under the Networks

tab.

The plugin networks is installed from the Qgis
« Plugins/Manage and install,,, » Menu

I|‘
|




1. Install « Networks » plugin

In Qgis, download and activate the “networks” plugin which add a new algorithm provider in your
processing toolbox.

In Plugins/Manage and install Plugins menu, select Networks and install it.
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The “networks” algorithm provider is added to your
processing toolbox
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Part 1 : Data preparation — Multimodal network development

chapters 1 and 2 are only for users who do not have a road network and who wish to generate it from OSM.
Otherwise you can go directly to 3

2. Get network data from OSM

First, you can install the QuickOsm plugin
Menu : Plugins / Manage and Install Plugins : Install QuickOSM
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For road network, you can select highway feature, and in this example data from Territory of Belfort, You can
also select osm data from canvas or a layer area
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Sucoresiul query, 1 e s has been oaded

You can also select in « Advanced » only « outputs » OSM tags you need to have in your layers, Otherwise
you’ll have as many fields as different tags in your OSM query data,
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You can use either XML query language or OQL query as below. With the OQL query below, you can select
roads that are at the border of the area too,
Don’t forget to increase « timeout » and « maxsize » for huge files

Query example to obtain data for Belfort Territory :
[timeout:2500]
[maxsize:2000000000];
arealadmin_level='6'][ref="90']->.area;
rel(pivot.area)->.rel;

(

node[highway](area.area);
node[highway](r.rel);
way[highway](area.area);
way[highway](r.rel);
rel[highway](area.area);
rel[highway](r.rel);

);

(—>5);

out;




Then :
Run Query
Close
Save « Osmquery » :Change SCR (ex :EPSG 2154 for France)
Example : DEPT90_voirie

Save the query to load other networks later.

3. Clean/cut OSM data for routing

In order to use OSM data for routing you need to do pre-processing operations. For example you need to cut
arcs at intersections.
For such tasks, you can use Grass Processing Provider

Show the processing toolbox (if not shown)
Tab : Processing/ToolBox

m__l L e Ll m___1 L 1oL Tiimmie _

Use Grass / Vector (v.*) / v.clean algorithm




Grass / Vector (v.*) / v.clean Commande :
Layer to clean : select the layer to clean : DEPT01_Voirie
Cleaning tools : choose the tools : break
Threshold (comma separated for each tool) : 0
Cleaned : save resut in a layer : dep90_clean
Errors : save errors file :
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Save the clean table (cleaned road layer) and add in Qgis : change SCR (ex : EPSG 2154)
Exemple : dep90_clean

4. Add and update fields to the cleaned road layer

From now, all algorithms used are those from the « networks » provider
Algorithm : Update field

Update field algorithm is like « field calculator » in the Standard toolbox, but
you can also put a filter for update,

As we need to create and update several fields, we can run the script in « batch
mode »

Right Click on « update field » algorithm and select « Execute as batch
process » (save query if you want to use it again later)
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Layer : select the road layer to update

Fields to create and/or update :

Field : Sens
Type : String
Size: 1
Precision : 0
Filter :
Formula : ‘1’

Field : Longueur
Type : Double:
Size : 15

Precision : 5

Filter :

Formula : $length

Field : Diffusion

Type : String

Size: 1

Precision : 0

Filter :

Formule : ‘3’ (allow spread in both direction)

Champ : Impasse

Type : String

Taille: 1

Précision : 0

Filtre :

Formula : “0’ (passable)

Field : Cycling_time or Walk_time
Type : Double
Taille : 15

10



Precision : 5
Filter :

Formula : $length*60/16000 (cycling : 16 km/h) ou $length*60/4000 (walking : 4 km/h)

Résultat :
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The field « filter » is used to update a subset of an existing field

5. Make motorways impassable

SCRIPT : Update field
= Mabark
W Barto-connectors

Build conneciory
= Build graph
Concatenate nstweark files
i Concatenate networks folder

¥ Connect nodes ke lines

Lraate andividial nebacr ks acs

Crezte updzted links
i GTFSimport
=alsted nodes
T Bislra inelrachial netvanik
hiusliay timnetable meteark
jr Prepare GTFS
Recerse arcs

Heverse selechien geamelres

Right Click on « update field » algorithm and select « Execute as
batch process » (save query if you want to use it again later)

Fields to update

Field : Sens (choose a field name for flow direction)
Type : keep default value

Size : keep default value

Precision : keep default value

Filter : highway in
('motorway’,'motorway_link',"trunk’,'trunk_link")
Formula : ‘0’

Field : Diffusion

Type : laisser le champ affiché par défaut

Size : laisser le champ affiché par défaut

Precision : laisser le champ affiché par défaut
Filter : highway in ('motorway’,'motorway_link', trunk’, trunk_link")

Formula : ‘0’

Field : Impasse

Type : keep default value
Size : keep default value
Precision : keep default value

Filter : highway in ('motorway’,'motorway_link’', trunk’,'trunk_link') and "layer" is Null
Formula : ‘3’ (allowed from both sides of the motorway)
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Field : Impasse

Type : keep default value
Size : keep default value
Precision : keep default value

Filter : highway in ('motorway’,'motorway_link’', trunk’, trunk_link') and "layer" in ('0")

Formula : ‘3’

Field : Sens

Type : keep default value
Size : keep default value
Precision : keep default value
Filter : foot in ('no")

Formula : ‘0’

Field : Diffusion

Type : keep default value
Size : keep default value
Precision : keep default value
Filter : foot in ('no’")

Formula : ‘0’

Field : Impasse

Type : keep default value
Size : keep default value
Precision : keep default value
Filter : foot in ('no")

Formula : ‘3’

Result :

6. Opposite direction preparation

It is better for modeling to have only one-way arcs, as travel times and characteristics could be different on each

direction. For example travel times for cycling are very different downhill and uphill. For cars drivers, many

streets are only one-way. To do this, it is necessary to reverse and duplicate arcs

12



SCRIPT : Reverse arcs
- G Vector geometry
mm Add geometry attributes

Bge  cemeim s g eeimen

Reverse line direction

network : Open the network layer to reverse

Add to network (if checked : reverse arcs are added directly to the initial layer)
reverted network: name of the reverse arcs layer

Open output file after running algorithm Qgis.

I advise users to create in first two separate layers, one for original arcs and another for the reserve arcs layer,
in order to manage easily flow directions with “oneway” tag for cars and “cycleway” tag for bikes in
particular.

For example, an arc with oneway="yes’ in the original layer should have “direction”="1’ (allowed) in the
original layer and “direction”="0’ (prohibited) in the reverse layer

Please look at https://wiki.openstreetmap.org/wiki/Key:oneway for more details on one wayslinks and
https://wiki.openstreetmap.org/wiki/Key:cycleway for cycling facilities.

Result :
m Reverse Line Direclicn x
13
Parareters | Log Reverse line direction
Irpar npar

Tinix shynrithrn ravesas the diresction P
fufvi o LineSlinng georrdin.

380 DREEL 321 Formubos) BamasVedurs/eoegpks ™ L?:I ;{} s

alnctud fastursa anky

Favarend

O rests BRTETC e E5AET

& Opan carpast fils sfter running, slgorigtm

Fun 5 Babch Progess, Ruin Close Hep

Then merge the two layers vector direction 1 with direction 2 to have a complete network
= Network
'.-‘::F" Barto-connectors
4% Build connecton
f‘:\- dnld graph

o

Concatenate netweark files

3 Concabenabe Hebanes Fles X

Farwesizc, [N Concatenate network =
" Hadvork: Haa ic coredanda tiles
r Corcwasra Muls seweatc
| GetED DREAL N sreabinn Reeeairs Vnhure sreecpim okt M ——
W | GefED DREAL G oration Resea e Vo iburefarcs 12 gpky Hratable e seeirh: SaET
Eaar T :Ir'+=:'u iy = =
pir e 3 Goba
Toggh Sacicn ik
5 e
E
S i Bech Pocen Ku= ke
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https://wiki.openstreetmap.org/wiki/Key:cycleway
https://wiki.openstreetmap.org/wiki/Key:oneway

Only for bike network« need to be adapted depending on territories »
& oneway= ‘yes’ and highway in (‘primary’,’secondary’,’tertiary’,’primary link’,’secondary
link’,’tertiary link’) and cycleway is Null
update field “ Sens” (or direction) : ‘0’

From update fields : %
example for reverting cycling slopes.
Update field « incline » to revert slopes (values to adapt depending on slopes values)
Case when « incline »= ‘up’ then ‘down’
when « incline »= ‘down’ then ‘up’
when « incline »= ‘-8%’ then ‘8%’
when « incline »= ‘10%’ then ‘-10%’
when « incline »= ‘8%’ then ‘-8%’
when « incline »= ‘-10%’ then ‘10%’
else Null
End

7. Build road graph

For shortest paths computing, we need to build a road graph from the network layer. The graph generation
consists in the generation a of node layer and the addition for each arc of a “from node” and a “to node” field
corresponding to the nodeld of the node layer

SCRIPT Build graph
() Buil Graph

3 .

Ferametrs | Log Build graph

Metenrk B i :

G/ BO_DREALSI0C 1 Fonmalion ) RaseesVolurac.gpkg s : ::---.- --- .-.."-: ::1-;-.- .-.-.-.-: ;

Dhraction [ophconal]

Fiads Id T
- 5F

[ = srng 1 -

e rscle 3 e
Prafe [astoral - G

i wls

il
[} )
Fimsches brgoar e wary obiet direct X

: = T 1 drecho

O: /Bl ORESL\dpmncey resas v inodesspkg 1 -

of | Oypsaf oulpud e e running algooitm

Fun s Eaich Procem Run Cios

Network : Network layer (arc layer original +
reverse arcs layer)
Node id : geographic string(unique)
Prefix : m (in order to differentiate arcs from for different modes)
Nodes layer : Name of the generated nodes layer
Run

Result :
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{z) Build Graph =

¥ "
Faramatars Log Build graph =
et
depdl_c [EPSG:2154] -

Cerection [opbonal]

e

Gaagraghic sring|unigs) -
Frefod [optional]

m

Hodes layar

w Dpan output file sfter running algorithm

%

Fagn a8 Babch Procsss [T s

8. Generation of the Musliw individual network file

The shortest path algorithm is working with networks and matrices ascii files in the Musliw file format (semi-
column separated text files).

SCRIPT Musliw individual network
Allow to generate a Musliw individual network from a Qgis road network layer

Load road network layer

Run “Musliw individual network” script
Road network : road network layer
Sens : “sens” of direction field
Time : walk-time
Length : longueur e 5
i-node : i
j-node : j
Time category id : keep default value
Time period id : keep default value
Start time : keep default value
End time : keep default value
Calendar : keep default value
Arc label : highway
Mode : m (si marche)
Musliw network: save file (with .txt extension)
Run

I;i'
|f
b

Result
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{3 Férnms Mgt baropod sedradue *

4
Pewmitm lsural Rezeau Musliw tranzport

st e individwel
DEFT_0_Clewn_Wairin_Zor [EPSG:2104 - [

Fardira (. orax. v, prax)

Tewm aes

dara or hcheer P 1

Eraeqemigi o wi ik
Chargar enosdsgs du fichis emism).

P o [ R e (=%

9. Suppress isolated nodes (hodes which are unreachable/ non
connected to the main graph))

SCRIPT Isolated nodes

= Pletwork
(vl
9r Auto-conneciors
{:‘% Buitel connactans
e
¢ Buid graph

Nodes: open nodes layer

Node Id : num

Musliw network : open walking network .txt

Netowrk Id : 0 in a first step (networks are
sorted depending on the greater number of nodes, then

4} Concatenste network files
$F Concatenste networss folder

i"i"'? Connect nodes 1o lines

1, or even 2, etc. depending on the network analysis A Create indidus! nesworks arcs
and the homogeneous chosen network ¥ Create updated links
Connected nodes : Save file as... £ GTFS rmport
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:/E0_DREAL 3013 Vore_Qgs/DERT_80_Oisejnoewd g0.sbp = |
ode 1d

bt g -
D_DREAL|20 19 Marche_VP_Mushvreseau_marche_DEFT 0.t @ |
Netbvwork [d

.Isulited nodes

Create a laver of connected nodes from a rodes
layer [ex: gererated by the buld graph algorithm]
and & Musiny network. The algorithm buld the
different graphs correspanding o The Musiv
Ptk

and reake a node layer comesponding io the
graph having the largest number of nodes. The
interest of this glgorithm 15 1o analyse the
connectiorns of gragh and

b pravent & Muske compulation based on an
tsodabed niceche

Paramebers:

Modes: nodes layer (eox generated by the buld
graph algon®hm )

Mods id: Reald that contains e node Id

Musw Network: & Mushe network veith
{Wwfﬁd‘&-ﬂ CofTespanding 1o e nodes
layer i

Metwork 1d: Mumber of the network gragh o
select for corencted nodes networks are sorbed
by e rumber of conneched nodes. 0 (default
value] i the largest

b s ks, o8 B s e ok ol
| 0% | Cancis
Flun & Batch Process | Rn || Cose

In this example, there are for the network (ID 0),94 931 connected nodes and 59 non-intersecting

networks.
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() Isolated Modes

DEPT €0 _Odise/cornected ncdes €0.gpkg’,

"HUH_RESEAU" : 0, "HEFEAV' © "WVBR_DRERLANZIOLE
\Marchs VF_Muslivi\reseau marche DEFT E0.TMG" ]

Mﬁ:dﬁu’qﬂﬁ...

dup okl il y & 59 rédseaun: dhsioints
Reésemy 0 545731 noeuds conneciss
Rés=m 1: 133 nosuds conneciss
Fdsea 2t 32 noeids conneliis
Résesy 31 31 noeuds connecies
Rén=m) 4 29 nosuds conneciss
Fdsea 5i I7 noeids connecits
Résea & 20 noeuds connecies
Rén=sy 7: 18 nosuds conneciss
Fbsea 81 16 nosuds conneciis
Riéses 3 16 noeuds connecies

Run as Batch Proosss

] "pusm", "HOEUDS' : "C:fED DAFALSI015/
Vodrie _OgissDEFT_&0_Odsesnoeud_80.shp',
"HOEUDE OTILEE" : "F:/BD DEEAL/2019 Woiriae Qgis/

Izsolated nodes

Creats a laver of connecied nodes from 3 nodies
aper [ew penerabed by the buld graoh slgonthm)
and & Musiey e biark, The algorithm Buld the
defferent graphs cornesponding 1o B Muslv
netwonk

and creabe & nade layer coresponding to the
graph having the langest rumber of nodes, The
niterest of ths slgonthm = to aralyse the
cormechons of graph and

o pressent 3 Miusley compiatation based on an
solated nods

Baramebers;

Mades: nodes layer (ex: gererabed by the buld
graph algonthm )

Mode id: Feld that contsns the node [d

Wigaley Mirtwork: & Mushy retwart with
ronmesponding node id comesponding to the nodes
aper i

Setwerk Tal: Mumiber af the nebeork gragh to
cedect for conencted rodes (retworis are sorted
by the rumber of cormected nodes. O (default
wahaz] @ e Lo gt

o b el Bl b S s e b pm

LA

Charge Parameters Close

10. Prepare GTFS - From a raw GTFS (nhot prepared for Musliw)

SCRIPT Prepare GTFS = & Hetworks
Right click on the script/ Execute as batch process ¥ Analysis
¥ Computaticns
¥ Msiric
GTFS source folder: Select the source directory (where are located the = Metwork

GTES files)

Network Id : AE (AE example for Lille Airport bus line)
Extract stop_id ? : Non (select Yes if you want to modify the stop_id

string with

Exctract formula : write the formula: Ignored when “Extract

a formula)

stop_id?” is not checked

GTFS output folder : Save result in the output folder. Example

« GTFS » folder

Run

Result:

4 Auto-connecton

# Build connectors

4 Bubd graph

#f Concatenate networks

L Conndct nodes to lings

# Create individual networis...
& GTFS impart

5 kolated nodes

5 Mughive indnadual fitvecrk
¥t Muslive tirmetable network

#F Reverse arcs
£ Beverie selectsn gecendtngg
£ Update field
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{2 Babch Precemung - Propare GTFS o

]
|
‘ Farassien | Lag
|
|
|

== |._|
BIFS souce Tokler Metwark ld Esibiasl Mg _il? Entract Padimala GUFS gl Fobider
Aulofiki. Aol . Hudall . Aulghl Audafal

10 M serreidE o « | AE S = |- B0 DREAL/IDIGTES

3130 | Wgrurces iy A iy o w ] Gl DREALMEAWGTIS ]
|
|
| Linad Lypsrs o Coregietion
|

0%
= & gl Frcosen =N Cices

11. Generation of a PT network

As the GTFS extractions od the different PT networks have not been done at the same time, it is very important
to select for each GTFS a period where timetables are available.

In the result folder (saved GTFS files), edit (for example with Notepad++) the calendar.txt ou

calendar_dates file from each network in order to choose a typical week (not during school holidays for
example). Example : from 10/06/2019 to 16/06/2019

» AE » GTFS » AR

Mam Madifig le Iype Talle
| calendar.tst 190472019 15:37 Drocument texte
S Dhuwrir
restes. b 1804 i

o, 10/04/2009 15:37 Disciamani lada IPmprenner

| stops.ta 190472009 15:37 Document tedte Modifier
T-

| tripes.tet 1904,/ 2019 15:37 Dhccisisnt biks Dip *
CRC SHA b

[of Edit with Motepad++

P e Pletvscris

| b Araksis

Computatinny

Wit iie

Mebwurk
& Auto-connectors
:' Build conneclors
ot Duild geeph
¥ Concatenabe nebworks
o Connect nodes ko lines
% Creabe vl pebaoks...
& GTFS impart

iww

GTFS Folder : open the directory where the GTFS files are located
Calendar start: enter the first day of the period (often a monday for a typical

|
|
SCRIPT Musliw timetable network |
|
|
week period, but you can choose any day and any period duration) |

Calendar end: enter the last day of the period ( sunday for a typical week | + ':f‘:'_””_“'j”'f: o
period)
Lines based network: checked by default for most uses . 3 Prepere GTFS
Musliw timetable network : Save Muslwiwnetwork name as (with .txt | - :f‘::f:l‘:"” it
extension) — Example AE.txt % Updeteficld
Run Dadabe briks pak
% Updete Frks times
¥ Updateti ]
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ﬂ Musglive Timetable Metweork oo
" - -
Farameters | Log Musliw timetable network
ETFS folder 5
Generates a Musiv imetable network from GTFS
G:\BED_DREAL\2019YETFS\AE & data [using prepare_GTFS script before is
recammendad)
Calendar start
Parameters:
10/05/2013
e A GTFs foldsr : GTFS falder
16,05/2012 calendar start: date of the first day of the perniod
| L
e caldendar_end: dat of the lest day of the periads
| : miusien_timetable_network: name of the
Musi timetabie network genarated Musliv network file
G /BD_DREALS2019/TC_Muslive/AE bt & e
| 0% Cancel
Run as Batch Process.... Run Close

12. Import PT stops in QGIS

SCRIPT GTFS Import
Right click / Execute as batch process (To save time in case of errors or in order to modify the batch process,
don’t forget to save the batch process script in Json format)

GTFS Folder : Select the GTFS directory

Calendar start : ex: 10/06/2019

Calendar end : ex: 16/06/2019 (corresponding to the week from Monday, June 10th 2019 to Sunday,
June 16th 2019)

Start time : keep default values (default values corresponds to the whole day. You can change them
if you want to reduce the analyses period ex: peak hours)

End time : keep default values

Table names : AE (put the network name, for example AE pour Lille Airport shuttle

CRS : let default values (EPSG 2154 for France)

Encoding : « utf8_8_sig » Keep the default value. If this doesn’t work, try another encoding« utf8 »
or « cp1252 » for example

Output folder: Select an output directory (example “shp” (as output files are.shapefiles))

Run

Results :
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13. Generation of the connectors

Connectors are virtual links designed to enable multimodality between two modal networks. For example, you
need to create connectors between the walking network and the railway network to enable people to combine
tran and walking.

Load the previously generated nodes layer

Load the walking network nodes layer

SCRIPT Build connectors
Generate from two points layers (PT stops and road layers) a Musliw network file for connectors and a
connectors layers. Connectors are visible through the connectors layer

Connect PT stops to the nearest pedestrian nodes

Right Click/ Execute or Execute as batch
stops : PT stops layer (stops.shp)
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stop id : ident
i-text : t (transit)

i-mode: t (TC) - mode id at i node

Nodes : pedestrian nodes layer

node id : num

j-texte j : m (walking)
j-mode : m (walking) — mode id at j node

search radius : 1000

speed : 0 — if 0 connector wille be with no travel time

maximum number : 1 — only 1 connector per PT stop

Connectors file : connecteur_reseau_tc_map (name of the connectors layer)

ksl EBabc® Precemuing - Build conmachzn

FParsraiern L]
i =
SAops Shap id
1 Auiafil Autodil.
2| GBl DRE = e
Loy Ly 0 COaple i

Har b e PRS0

Ll Babch Procasirsg < Build cannedtan

SwnTEilers | Leg

% == B

jomede Fuadiui]rm)
| Autaffil. Autahl .
2im 1060, 000000

Lodd ryird on cormphaiien

Aur a2 Snghe Frocess

tod

Aea el
Spawd
Auiofil.

- | 4000003

I

et

nod_id |- bt
Al

Mode

LRl Auiafl

/B0 DRE =

Felamimurms numdsa
Aumhll.

14. Generation of the multi-modal network

SCRIPT Concatenate networks

Cannecleri e

Autafil.

= | G/BD_DREAL/ M9/ onnecteurs/connecteurs_ALgpkg

Concatenate different networks files in Musliw format (.txt extension)

Walking network
Connectors network
PT timetables networks

Put each file that need to be used in a specific directory (example : folder « concatenate »
network elements foldere : select the folder where .txt files to be concatenated are located
global network : save multimodal network as (with txt extension)

Run

Résultat :
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() Concatenate Networks

Parameters | Log | Concatenate networks
Network elements folder | Concatenate Musiw networks elements,
|
L tmetabile based network elements, indiudal
Global network modes elements and connector elements in order
= to generate a global muitimodal network as nput
it @ ||| | for s ool
Paramelers: |7
metwork elements folder @ Muskw networks ]
| 0% || cancel
|FI.|n-HuthPmcE-... |LH Cose |
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Part 2 : generation of the territorial accessibility map

15. Matrix generation for R
MUS"W Paaies | Log " Musliw simple matrix

G380 _DeEaL [ boesdstDF_noaxhsie = | () +.

SCRIPT Musliw simple matrix

Nodes : nodes layer e I

Node Id : num bl

Trip start : click directly in Qgis the start = ™™
point ;T;:.LZETJ!HIMI'FEZ L |

Tl‘lp end : select directly in QgiS the end TOSAHA, FT720, TOSPIBA 1140 [EPG 2154 a
point 7

Demand : number of passengers i =

Day : 1 (0 is the first day from the period, -
1 for a typical week is corresponding to a Tiwt
Tuesday)) goa

Time : time format 00:00:00 ::"“"'““

Departure/Arrival : Choose T

Write mode : write or append vt

Musliw matrix : save matrix as... e

[ ]
Aur s Badch Procem Fam

16. Musliw parameters file

=  Computstions
4 Musliv computation

0F Muslivi parameters

SCRIPT Musliw parameters —— | e cumanrc

Individual mode speed factor : 0,25 for cycling

S g e

I moad ot teooe

Output links times : Without timetables e
links(travel times file) i

[Enregistrer dans un fichier temporaire] R e




17. Musliw computation

- Com-iutatinns

Musliw network : reseau_multimodal.txt
Matrice Musliw : matrix.txt

Penalties Musliw (optional) : penalties and
transfers file

Accept to download Muslic binary from
Github : Must be if ckecked if Musliw has
not ever being loaded.

18. Update ti tj

SCRIPT Update ti tj

Network: reseau_voirie.shp

L Muilee Comgrtitcn

Faramelers | Log

Biridrey ol bk

it Wiy _piulbcdal gl 2010t £
My malrm

_modele_resmultmodsl kghtmatoe, xt 8
Mueshv parameebers
lghtperamere_res_muttmodal kght bt 8

hiurilre it [oyeiaoewl]

o Arcapt o downlnad sy Brary fron Github
Ohutput

0%

Rur g Babch Prooess

Muslivw computation

Travel times file : Choose the travel times output file generated by Musliw (_temp.txt)

Musliw time : temps

Arc time : Tps_marche

Departure/arrival : departure if "d" in
Musliw matrix, arrival if "a"

i-node time : ti if this field exists (update)
or possibility to create a new field, in
this case write « ti_bike » for example.
J-node time : tj (as i-node time but in j)

Check Initial/final waiting time for taking
into account the remaining time from the
stop (for example if the arrival time is
8h20 and you asked in the matrix to arrive
at 8h30 at latest, then the remaining 10
minutes are not taken into account if
checked)

[, Update Ti T)

Farsmeters | Lag

M= bragak

G ED_DREAL 0 soriph_rroxdele_resmidty =
Traveed bmes fle

p_rewrudbrscdal_kohtvesll o _tenpe. ki @

By brs

[rubislSiral wdbng beme?

Rim a5 Baidh Frocess

L
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Option 1: SCRIPT update links times

If you just need to make an territorial accessibility map, you case use the script “update links time” instead of
“update ti tj”. It uses the Musliw time “temps” by default and get time values directly into travel output times

file.

(5} Upidete Links Timeas

Pawraratrs | Log

Yo b

Traveel times fle

Extanl

I3, 5980020, A L85, TLIN1AZ.0001 [FPSG: 21 | | ...,
e bime

3 =||E
|-node e

g =&

TrobalFnal wasrg brme?

Ry a8 Baitch Procgss

=

Update links times

Read the ravel bmes fle .. _Semps, b computed by Mushs

and creates (F they don's aast] in $e rebyvork laver Felds
vl |-l el joode ol Bl At dved
= arre ler
2 5
gyer - neEfmors e lenear oooeclhs]

traveel brees fle; ravel bmes bext fle ., _bemps, beft gerenabed

vy ey,

feriire; fendtre debermnents les oros & metie & jor {seuk
oeux & Mrdéneasr seront mes & oo

deparbrefarmval; depacture iF 07 im e matm, aemeal
L]

_rnde tme: avel Bme at -node ek
jnode Sme; travel trme ok Frods fiskd

ribiadFinal wealing Bme: i order o teke inbo soosunt o not
rotalfinal vading tme [Rastl]

o g

Option 2: SCRIPT update links pole
Use this option if you want to make an discrete territorial analyze map (for example, if you compute a territorial

accessibility from several points, this option allow you to generate the catchment area of each point.

(=} Update Links Pole

Farameters | Log
Harbvark

Travel temes Rl

Extert

3056500520, 8 168, T18102.008 1 [BPEG:2154] g
Denarture isrreal

Drepar e i
Inbermcdaity node

ot = || E
Civicies necai

o - (| &

0%

Run a5 Baioh Process

x
Update links pole
Read the ravel tmes fil= .. _temps. bit” computed by sk
and oeates §F $ey don't exss) in the nebwork Lyyer fislds
where Friermodsly Node S SErE SNeS NoOE SN SR
Par arnielin' s
neteork : nebwork lyyer (bnsar objects)
wav Bl T ravel s Dt S .. bempa, Dol Genir aled

by Mgk

mxbet: vandow for felds updabe ::C"-' riss: N the winoos w
be updates]

intermociaity node: initiall final node of iniermodalty
Cepends o aerival fdepantor e dhoae)

ongin nocie; ongn o destinabon node {deperads on el
departure choios] n order fo debermine erace srean
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19. Linear Interpolation

SCRIPT Linear interpolation

| I| l:_.: unuar interpzleton
Firimriac | g Linear interpolation
teeter =

B _[RER 130 2odecrpt;_moidss epm, =
e

oS

el

Spread

rap—— ¢

Lrpicioaton| s

A Jrpanm ¥ 4
Network : réseau_voirie_shp Puas. s
Window : Allow to define the analysis area i;m >
i-cost: ti _— ;
j-cost : tj R
Direction : Sens 1000000 .
Spread : Diffusion Pooe e ¥
Impassability : Impasse e =
Pixels nb x :200 T"“ "
Pixels nb y : 200 iy :
Pixel size x : let default values 330¢, 00NN a [:
Pixel size y : let default values Soresd meed
Decimals : 5 L X
Radius(m) : 1000 P
Spread speed : 4 (4 km/h for walking) speed to koo :
be adapted depending on mode (15 km/h r '
cycling) L
or for a distance map : 60
Impassable? : do not check o

individual values: choose a field for in case of e st rocess
an individual value analysis (ex: pole) or

keep .’ as default

Raster file : save raster as

Run




20. Isovalue polygons

SCRIPT Isovalue polygons

Raster : raster layer

Band : 1

Min: 0

Max : 60 (depends on the duration)
Interval : 10 (iso-value interval)

No value : let default value
Polygons : check it

Individual values: check only for
individual value analysis

Contours iso-valeurs : save layer as..

Isochrone example

Tl prbyer
| MCrente temporary Laver]
o Cpan tutzut Be after roneg algenithm

Isovalue polygons

Caterales dureahes podpaon from & res ey lper (e woide
W Gifr b Bodhroned anias)

Pafarieter s

rasier input 1t Layer nans

harad; hand 5o compuie

e rEETLUT vk A o genen s

falx: Adarron ebodat Irtd b pEErale

intereal siep between each Baske

Tha i e oA asnnncine g e raste np_apkpe
pagane; T genarates poligon Paiss genersies
Poiinag
b e
remst nume of the resdes maveue sobpgons lper

| B i Babeh Proces .

PR RS S PR R g
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Partie 3 : To go further...

21. Compute population inside iso-value polygons

SCRIPT Spatial aggregation

Open the iso-value polygons layer
Open an administrative layer with a population field

G} fgenud iiggeegation =
Polygons : select the iso-value polygons layer HT::’” 8 Spatial aggregation
Id : polygon id (corresponding to the threshold p—— — S aggregeiion bat
defined in the polygons layer e
Source : administrative layer e =
Variable : field name containing the population = s
data /g e o jeormrunes_Farce sty

Aggregator : sum (to sum). Choose between sum, = "=
mean, minimum, maximum £in i E
Output : save result as (polygons layer) i

o

it

o Open oo Ml STEr sunneeg SO e

Aun s Basch Frocess Rumn (=20
Results

G} Sorie = Total des 4, filirées: 4, sélect = E

[ ] ke - T p:- L »

id PO ULATION

] 1, (hORDEA 21,5135

5, (DDA F3E1 35352
§ 100, R0 ST, GELIGE
i 15, ORR0N0 5542 47300

T Honiner hwes ks ey,
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B- Production of a PT services offer
(example : french regional railways

offer)

1. Get the theoretical offer on the SNCF open data website

(https://data.sncf.com/explore/?sort=modified )

P beyiore— SN0 Op=e Lila =,

€ & DRI W 11 oo 0 e T e 0 T o £ LU~ + Iy 0O & ® =
£F Lz plueisic Iﬂl:\-l:.wr.'u:'w m'.‘l_'.'a::'ﬂ'l'::-\.l"l. Tl fratares ciigogioe 9% Liborbees dm samour.. B0 DR deformadion du. . ) Qe -E' ZRH Parataiza . W
20 Toanl BT S PR R T e D, AL MECET o = it i ca il Podckpa o ke B ek i p ST el T e il L el s e Pz e il ar, e e W fa

TarawE d PEHOSH 9 V=4 PRITETI 08 P R R 4 SIS I HE HEHE &% 330000 S0 SEUVEL CORET i Poltigs dha ok poat BT INVE T PR BRI S O SREr 18 8 BOEEI B A e e
........ Forr e

m ACCEDER A LAPISMOS  DeTA OGL CONTACT
OPEMN DATA

216 jeux de données Horaires des lignes TER

. p - Hevia=ca dos lgras: TET wu lovmal STRE,
Toi s s R Zvavne
S TR TER

Plociie Popobins DelRol 0 vy Ot Delabaes Lz rar (00U
Mhsnaibes T A

O F3 OISR

LUV un il

Horaires das Tram-Train TER Pays de la Loing
Hevaa=ca dos lgras: Tas T-aw TER Fogs oo b Looie oo e ST=E
Pashs linn TER

Liarecm Opan Cwistme Licn - =L
Maaries T deblirand

Harires nas lignes Intercitss
Hovaa=cs dos D= incacindks au lonman STRE
Pamhulian TIe

Licarcs Tpen Cwiskme Lo~ 0000
Diasdea T ddsmare

Producteur
ARCE Snviay, VRECTEIN
SANEE STHATE Haraires das lignes Transilicn

= takiema

Choose the services that we want to represent (In our example “Horaire des lignes TER”).
Click on « export-ter-gtfs-line.zip » to download and save the file



https://data.sncf.com/explore/?sort=modified

o Hzuwrer cm g [EE—3 0L %

s | Ll hmos A snchaeme SIS 127 gifRsahe = v » @D & & =

£F Lz plupisic Iﬂl:\-l:.wr.'u:'w m'.‘l_'.'a:l'ﬂ'l'::-\.l"l. Tl fratared ciigogioe S99 Liborbnes dm smour.. B0 DR deformadion du. . ) Qe -51 ZRH Parataiza . e
1

ACCEDER A LAPISWEF  DAla CHU COM1AC]
':]F"EN DATA

FioRiJe e S5

Avewn Sre st

R o

Panziger

W otk sl el ol gy b e e SR o <] Loy gkl

Accept website policy

Ouverture de export-ter-gifs-last.op *

Vous aver choisi d'owvrir

i export-ter-gtfs-last.zip
qui est un fichier de type: Compressed (zipped) Folder
a partir de: hitpsy/fdata sncf.com

Oue doit faire Firefox avec ce fichier ?
i) Quvmir avec | Explorateur Windows (par défaut) e

':':':IE:Enregistrer le fichier

[] Toujours effectuer cette action pour ce type de fichier.

QK Annuler

Save and unpack the archive in a directory
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2. GTFS pre-processing

A pre-processing has first to be done on the raw GTFS with the « prepare GTFS » algorithm in order to be
correctly formatted for “networks” plugins scripts and in particular with the mutli-modal calculator Musliw.

Q& Prepare GTES =

Paramelers  Log Prepare GTFS

GTFS source foldes Scan @ GTES Folder and generates a well-formatec

G\ Telechargements\SHCF_20200615 @ ||..|| |GTFS consistant with Musltv in partioutar for lines
Nebwiork Id Parammelers:
TER GTFS sourpa foldar: the folder of the GTFS source

files

W Estrad stop_ud?
= GTFE daslinalion foldar: feldar ol Fe Muslive well

Extract farmula formated GTFE
[-&:] Metwark 1d; id in arder to differenciate nekworis
1 10, & ID,...1 Ceee; LI amd 15696 -> stop
GTFS output fakler 1o Loty (Dl oo L andLSe0e sy
i i - | Esfract sbap_iwl: il brue the user must wrile a
formuta to extract the stop_id from the iniial
riode_id strirg
Estract farmula; the farmula to extract stap_id: (e
"OCE;Stoparea:BF2EE315") wih [-8:] forrmuds <=
'-C'IIZI-:'-'r.rnﬂ..'FF.:Hr'.i"nl'-%l.'ﬁ-';-F:_ "RrEan31S
fiL Cangel
REun 3= Dakch Process... | Run Close

The script generates a new GTFS dataset compliant with networks algorithms

r T Zop oz A TER & .
m. :\-.'n-_'l s i e [ 3
o] R = R T . o R P 3
.*. _J_ g =CEZE 2 x =1 ‘-\. "\-"'| i Ceni T pcbawmr Lol
a4 Tzpwi la dherr s R A .- ~ Foaakins 1 RAIAT
_Ep:dlr.l- Czgmr Lol B F il in o r:\-:ﬂ-' -:: B 54::1: TET TERTE m::: ?M:_' FiL s “: e I bt
W e R R Pl 2 [H & Bl B
-_ * T P CREFL 0 Drroasll ey 0 pEnbalE B OILR w03 Fechercher dane - TER B
B AT, A e =2 Mo g Mot i Teze
- PHH Hacladw Fraare g ghesdazae sy sl i lI Falamar = AT 1T P rrerf=a
Duizestan peher folioe 14 vabemehn_shian pel SAGIANIRS Dearerl a
A rran s @ bomraiinn sb =i b nn 103X | '| LI o o | e LR bt My imerg ==
[ JETOHT |J FESTHFI SR L] 01 LI LU WAL Lezaranl
& KRk LA ER l sopeba NTITIR IR Desimeres
TR IJ [T 9 E-8 - LPRP ) LU WAL Leczurmarnl &

B Buezac

M Comumers

= Imace

I" Wmigpss

A Obps 30

& rlatanrmene
B v

RRLLEE E N il t ¥

fi FErmEnbiE) H |-F'
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3. GTES import in Qgis

Run the « import GTFS » algortihm to be able to view the corresponding ¥ Malrix

offer in Qgis

* hetwork
 Auto-connectars

4% Build connectars
'ﬁ' Build graph

& Concatenate net,
£ Connect nodes to.

£ Create individual ..

the start and end dates of the calendar must be dates where corresponding data (timetables) are available in the

GTES file.

For that point, it is recommended to edit calendar.txt and/or calendar_dates.txt to choose a week or a period

where timetables are available

() GTFS Import

Farametars Log
GTFS Foldar
Giipoubelle \TER
Calendar start
L5009
Calendar end
71072019
Start s
[ HILTH I
Emd time
Fa:50:55
Tabke names
TER
CRS
EPSG:2154 - RGF93 f Lambert-53
Encading
utl_8 s
Dupust falder

G:ipouballe\ TER_SIG

Run as Baton Frocess..,

&

GTFS import

Scan & GTFE folder ard generates the laye: of
gtopes, and the laver of simplitied arcs and Fnes

Comipirtas the transpart offer for tha speciiad time
pericd ared calender [number ol sbaps)

FParameters:
GTFS_folder : GTFS folder path

calandar start: calendar date of tha fret day of the
peericed [l rnimy YY)

calendar_gnd: @lendar date of the last day of the
pencd [dd/mm e )

start_time: stert trme of the penod [hh:mm:ss)
erd_time: end Lirme af the period [hh:mm:ss)

table rames: rodt Tor gencrated bbes (e IC =
1= nodes.shp, ¥C_arcs.shp and IC_lines.shp)

CRE: gereraled tables CRS

erding: encoding

Lanoca

33



4. View stops

Load in Qgis the « _stops.shp » layer which contains regional railways services stops

DCiata Source Marager | Browssr Y
]

H’Eluwm = Growser

e LET X6

Ve v [ Qgis -
BT resean_n
¥ [ reseau @
k5K
b [ SMCF
k| sq data_test
b 5 TER
= ™5 1ER_5IG
A TER_arcs shp
(= TER Jines shi
kL] test
B[] test gps
F [JTR
P COwe
v [ 2015zip
b [E] 20i6sip
v [ 2077zip
b [E 20iasip
(= A_arcsshp
A & lin=sshp =
Results (zoom in Lille regional area)
(e R a &
el CEt Vi e FirE P e RaH Dwatne s e PRXE edsirg o Ep
e AEAPEF g i G LMD E & BERE =-4" -
L R T A z . T B Ml =n. @
: B~ Gy g
[ R e e R sl o el gl — R emnlng T .
B vaare~ » : i . T A v
[ T S 1
= P e TR b G mdan e W =
TR el gw d
v 0 erar gz eI
FOE el ey
b Vomornrkeoden
L R Ty A
FOE i
v R
b TR
[ T
« §F Hiranr
ERE
Ciamadw
f H
T i
SR TN T
ol I
W Lmaguar
e dmirod
B Y
Wk mia -
o O o
F Y S P
T Lord W e
W P e
B Py om i
5 Freaneea
E ) T TR R
S Updex % 4
{ B gL ey
r N - - [
| 1 o
I L -.__: ;d" ] 3 1- . --c-:.:‘:r'.... . iy + b ¥ vpara s
i A i Frk e o a L e o ] e -
Treak, b © H; iy Smadr TEHRSEIE T b LHE Y R eonte 1R 3 M 33T T o e TR Lw W
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5. Show stations names

To show the stations names, you have to show labels with the field “nom”
On the other hand, we notice that the station name is defined with “Gare de” before the names of the station

(e R
ol [t Vi et EdrE st VRN RMHY DMIEHE SW> M BRICD e s
A AFARE Y m
s

‘Sura-il-l'll-'lm

T - L
Lerim W
E vaarter »
[ T Y
. oM bem e F"al ”
‘:'-“-th'!'\-:in-

M f WEE - a-
g B aEsEEase BOGE% Aa B

gz orand o

gz e lodas
Eln e ok By Lrete

:-\.H'! ECR L

“fﬂp-d-ll.a e [Hei T

SR e

- r
W 1 F.F

e ou Leas B e

v e i e

.-_..'Il [ o]

F\--t L o CLope
Wnre ow s Tardeen

T o = R ﬁ.l_rllh.'\-ﬂw
G e Mot o BT ww i Lacarmas

Larw o e fonade Lo

farz 2 Tonda

e e daes

i Laeg 1

L A W

Pt e

FE TR FL S LT

s g 0

reak v B HE iyl

J’br- EoRC ]

gz el

‘:'-ulw-fil [rwsin

oomieg s < i

faEalp]
[
¥
[
%

=
£
4
5
w
i
H
H

: 28 5082483

LR
R TR ES T
ol I
W Lmaguar
e dmirod
B Y
* S R
5 G oo
B
T bond w e
W P e
B Py om i
5 Freaneea
E ) T TR R
5 lpdex W d
B gL ey
ks i
gy

bR

v iR el

"il ok K i

Smndr WML TE Rab LEIFL Y g ot 1A T M 3T D o ek B W

To not show “Gare de”, it is possible to use a regular expression which will replace “Gare de” by an empty

string.

5} Expressian Dialeg

=
Exarassin “u=chzn Sdbor
i) l!l [ ok snony Helz function regexp_replace
fegein replace [ o L | %3 "izafe de! v oY :l lert 1 Schums 2 slrng wrih the supphed
lenigth segelar prpressian replaisd.
:paﬂ.r Sy
reexn match rmgexp replece Lot wony, cegme,
reqexp replacs ENAGTIAL]
regen subetr e
respliaee:
rught mprl g the dring lnepibn e
rmard mizkchcs in
oo (R R T
ehmens
i COipine 50N 10
gl replace. Hackdsnh
bl charachers must ba
ta shnng deuhle puaped
trim g, hE" o makch 2
|| = R R N T . upper “-_n-_ spALE
wardwnan —— TJ“':‘EQ'i'Ih.‘ ”
Fapturs | Chaly-3nme-Coael - b e UL L
il L 3 Varlabiles replace =iy raiching | =
Presiew: "Chaily-Baissy-Chata? Racent(genanic) " | b
ot || cancel Heip
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Result

(e R

el CEt Vi e FirE P e RaH Dwatne s e PRXE edsirg o Ep

NI ETIErY
WA B -

TEALE & RMEMES-, g

B aEsEEase BOGE% Aa B
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oM bem e . %
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o e
of WL
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i Jp
B T
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v iR el
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6. Produce a proportional symbol size map

To perform a map with proportional symbol size, you have to customize the symbol size with an expression
containing the variable to represent

“out_mon-fri” field represents the average daily number of departures during the time interval you’ve chosen in
script “GTFS import”. The keyword @value represents the width attribute value. To keep it in the expression
allow to adjust the size directly by modifying the value in the size width, without having to modify the

expression.

G Excrzss on Sing Suida

DANGIE | LY R
2| ool
Fralus =14 i

= e =] [
woptwed P oz able e a0

Feclas (e pLzmm S -
Frwmoma il

Result

7. View the number of services by link

FEE I

- w T

T S ok

RS O
[T o] o]
Duleed T
Ankiars s
ML
am
2% T
= pal_flzr,
1.7 i dnd

3 jaon 0

23 el

32 In oy
EEERTITTS
REEN L1
=4 pul_am
Az wrpd Mol

Apry Krirng
ek

o Lustr Procualics

=l:r1lwrﬁ:
+ i Marksr
¥ Nairple mneaka
& ooy *
efnn e v
st e Sheala rvaka

greup dis

Dzdde ik assinsiman bz LATEL T Howwds
L - R R |

Pl Z ckhour D zormm Lz oy
el Tl s e ek boedien

[LTER 8

Vol

LA & 1)

Il semplee

To view the number of services by link, you have to load the “_lines” layer.

TEF alupas — Sprrimcboyy

B OOEEEE

r Hopaherayg

Lo L

]

On the other hand, the line shape is simplified. it consists of a straight line between two successive stops or
stations. That could generate an unclean representation due to the overlay of direct and omnibus trains

Load the « lines » layer
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Result

(e R a &
el CEt Vi e FirE P e RaH Dwatne s e PRXE edsirg o Ep
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8. Widths proportional to the number of circulations

Warning: If a network contains a common core where several lines pass in the same road (two successive
stops), the settings below is no more adapted and need more complex expression not presented in this document
that allow to view the different lines juxtaposed instead of overlapped

Define a custom stroke width and offset
3 Layer Frapesties — TER lines — Symhalngy kS

= slrgic symbal -

53 Lakels

L sk

ELLE L':.ur Iy armpls e

Sakr I, | -| =L

EHEITE-CR N || PR UL T L E=R T | T - E"
Difse 0,00707 = dilmmers = | {51
Swoiz dyk = Sold Ling Ll i =1
ETTER ‘ cerael w é'
Cep e I Scusrs = | 45

s cusdom pash patiern

Ml mier= - "EL
& Rendering ¥ Ensbie mmbnl lever 451 Lrewy eacts
“ Tempara F 1y sl
Warialbles Sre T ag || Cencel Baphy Fep
Stroke width
(=) Expression String Builder h
Expression Functaan Editor
H _‘Il_. 3 L search... || Show Help
Bvalue * geametry part ... =
geometry_part_...
gearmetry poln...
geometry_poin...
symbal_color
=0 Pl S P2 el o] LI B B symbel_layer_c...
string [r,g.b,a] as int 0-255 or symbol_layer in...
Expeced format: -preGEBAA 25 hex or color 35 color's value
Feature [0 - 3 * EEEORRES
Presdesd: AL 4 st
aK Cancel Help
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Offset

() Expression String Builder x
Exaression Furctian Edénr
:_ll_E_ _'LI';' A Seacch, | |Show Valees| | group field 2
Bvalue * "nb mon-£ri 0 _5+1 1.2 nb_fot * pouble-chick ta add field name to
1.2 d1_tot expression string.
1.2 42 1ot right-Click on field name to open |=

1.2 nb_mon-fri Walues | & Search.,

s e e ey o gy 1.2 d2 -fri
= G D iy T T
Exusetiand Roernak: =tring of doubles ‘x,y' ar array of doubles 1.2 g2 _sat
[=, ¥1 B 1.2 pb_sun
Feature |0 - b | 1.2 d2 sun
Freview: ML b Filesand Paths -
ok || Cancel Help

NB : Numeric values in stroke width form and offset from have to be identical with the expressions defined
above.

Result:
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9. Label the number of services

Choose nb_mon_fri (average number of train courses the selected week from Monday to Friday included).

As it is an average, specify formatted numbers with “0” in place of decimals

PS: In general, rather than simple labels, choose "rule-based labels". This will allow you to filter the labels

more easily, because if you have set up your simple labels in a complex way, changing the type of labels will

make you lose this settings which will have to be renewed with the rule-based labels.
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Set the same distance as the strike width and offset value on the lines layer. Check “line orientation dependent
position” and “right of line” a traffic map rendering.

—
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Irfarmehon EEETE TRER L LR o
i w lexl Sampk
el Lewdm Tprsam 5
=MD DT
Larem [psum |4 |i2z368 = || -
Fee sbe Texd Flacemest
- % Eoematting ® Fomlel  cuned | Horizt =
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% Placement  Distnce | L2000 a | =L
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As railways services aren’t all identical, the succession of stops isn’t identical too. Then, the map could be quite
unreadable. A method exists to face this inconvenience and produce a clean and pretty map. This method is
longer and more complex as it needs the generation of a network based on the real shape of lines. Then you

have to compute shortest paths for each pair successive stations. This method is not described at the moment in
this document.
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C- Production of a traffic map

The aim of this tutorial is to produce a traffic map

In a first step a Musliw matrix has been generated from the trip file of the “Grands Mobiles Picards” household

travel survey. The matrix was built with car as driver trips from people living in the Oise Territory.

The objective is to view desire lines of drivers who live in Oise territory.

Shortest paths comptations have been made with Musliw script « Musliw computation»

G Musliw Computation

Parameters Log
Musfive Nk

G FTudasDiEa | rorheS00_ VP e
Musivg mistroe
GiElndesyeehmal_60_gd_picards ¥P.LEL
Musiw parameters

C:iFrudes Disatniss paramaters. bt

Musivy penslbes [optons’]

Accept to download Musing binary from Gthub

CuEput

GOetudesume o bt

Run as Balch Process...

Musliw computation

“zrform & cakulstion of mulbtrmodal acoeszibikly

and roauking

Car dowenkoad e Mudicene By [Or

nutlimedsl rowting and aocessiadity computstian
f rhasrkad)

Mrgduge autpul Tiles [sere cokbamn separalbe

file= (1If =elected in paramekers):

. Origin cestinabon raqsitts fle ¥ od ha®
Cummidative brea an arce "_temps, b (usal

Tor scchron maps?

. Detziled paths " chemines. bt

Agsigniment resuts Fle an links *_aff bt

Log fle " _Jugua”

. Peramcters files ™ param.od
. resuks an sardnes ® sardnes bt
cumulative s o nodes "_noeuwds, L
“aramebsrs
wtwenrk @ Muslie nabwork
niahriz: Muslks maksix
aaramel== Musiw perarmelers
Can
Run Clyse

The “_aff” file contains the list of arcs (here route500) with auto-volumes on shortest paths .
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1. Get traffic volumes

The road network used here is the Route500 network

As route500 is the used network, it has to be the reference in order to get Musliw results calculations data

The traffic volumes fields is often called volau (auto volumes), and you have to get data from the “.aff” file
which contains informations about the number of cars on each “route500” arc.

E '[-_E Gl Lick Fless Dala |
5 [
Parprsgtens | Log Get link flows data
Hetwsabh
i ooy L o lweeas Sl e w th e b ras.
S1/E0_DREAL/M 18k s Solioutes0o H = L350 oy | e o -.r-.r-a-.. sohume of panaer o =20 n par bode @
wrwhare Forms muase.
Selethed teaures ont ERPELE
i remworis b neebesdk Bes s
i - = {: mm mapre nmor oo desncries e ik 0 [ aHrihobs or
L Lo b =] = Npras ST
= = [rrhonef ths bee oo T e 2 i ke e bywer sl baes
A ey CApEeeparnss bk mn e s Reees icefos ks bk edh
Flows = i Fer et Tars® e b rou sroud osed “ohitt res =ig ta
< s maps in this ceee
w DI
=k tumes: S e oF ek
Limk: tyem
aliF gt fle: Cheoer & wtomrk comeprorben affoet
types =urrnot s
L Coltya it crEmEeny: el mesdeny
G e e e FF et [ =]
=5 Povets ipar mamme o thee fomss aper generated
orcEny
utf 3 mn
Fors By
Rl e = ST TN I L - C
o | Dioen oo bpul e afer runmeng alg ot
n== Tanwe
2 m Ewch Proosm . I a=n Chorme

Le script génere une table flux_vp.shp qui contient les arcs route500 ayant été empruntés par au moins une
OD de la matrice.
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=¥ flux_wp — Feabur=s Totalk 23353, Filtered: 23338, Selected: O

= T =

L=

14

TS5

5

|
Flar”

wIBZSIREA0IIE, ..

Pt =L g e sy e
wiB2O0FB27IdG |
w32 T SESEETE,,.
wIE1 SES2Z 3G, ..
wilBZ2IGDEEIIS...
w1 BESOETEIE. .
wiB1 B1A3E I
w313 2552,
wil 22 BE SIS
w BT RBOEITE., .
w1 BT 0T S0
wHBZAZASFEITG .
BB 16850,
wiBAE S0 I ITG |

wilB3Z G20 5208,

T Show All Feabres _

i
w1E825342A52 20
U E=re el e e

wlE20E431 3220

w 152430714228

L Eg B e
w 1E230edaa2 20
wlEESI2 20228
wiEIgneaTI2 e
w 1S4 EAT 280
wlE2ES34d 2200
w | SEEEg 220
wl1EAEEAIn2 20
wlE24302 10220
1SRN AT
w1E40S TS 3220

w1E2EI T4 0228

=

3

wlBE5FII202 0. ..
wlHE2ZTSIGN 228, ..
wlBAIF4axTANG, |
w1 BZETEI4228...
w1HB1 5533352249, ..
W BESE00EE2 0., .
wlB1ERI0ET 22, ..
w1 B1E14382220. ..
wTBETEE 122N,
Wl BSEE TN .
w1 BTSN A2 6.
wIBTEFIAS2 20,
wlB2ETEST2A0T. ..
wlH2SETEE520G,,,
w1 BESDSEII0322G. .

w1 BEbI0EE5228...

il
271 D0

S, DN

1572000

S, D

ERER L]

23, DO

28 (N

ST D0

WO R

TG0, DD

flux-vp data table
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2. Define proportional widths

In layer properties choose symbology to define the line style. Numeric values of « stroke width» and

«00Offset » must be identical

e — S S

' I Laver Prapeties — Midg_vg — Svrbiokegy

fermation

%l‘:\-‘ Sawre

'i:n;u mmbal

T o L

= mple line

=3 lakelx
D Masiz Syriballzge e Sapl iz e
S | - .
1
lisgram= Stk padt | Laszon [+ | Hirasmes = | £
Figlss THfset LOII0N T |HBretes - |4I::,
Altrbiuies Forer Siroke sivie | =2aidLine - | 4=
| s | Eead = | =L
nng
A e Bl square - ":..
Bueliary StoRge
line poxton deh pevtiern
Actinm — I - — S [ —— - | 4=
Lveplay - e "-L e =
¥ Layer Hendernn
.~ Bige T | 0K Cancdl oy Help
3.__Set stroke width with an expression
Stroke width
{2} Feprpanion Sering Fuilder
Ewprassion Frrtion Frior
il ] i wla | Hasrch B e T graup fleid
Bwalow * = 0,001 geometry_part_ count = pegpleoicicto add ti2id pame to
goomchny_gart_murnm EapEkian dnng
geomebry_poing_counk Rige Clack an fisld rane ta open comest
goomebny_point_num meris sereple w2lue lpading apbans.
wpmbal ook e
Fpmbal_eper_count TR
wymhnl Layer_ndex Loading Fek2 salues Trem WFS s or'l
waluE supported, hefere the lager iz arinslly
b Aggregates Irzarber, T2, wenen ouild e quersss
+ Ay
v A vebues | Tl Seanch
Candtionals e
Ir Cenvaision Al Ui £ Zamokes
v Wusham
v Dt and Time
= Fields and ‘dslues
HLLL
FTT
it | i | N0 It I | I ST N w j
Expecled formmat: deohie [+ 0.0] el
= g L2 wokirng
Fagture | L7ERERIE2120 159533 - [ e—
Prrame: A8 ¢ Files and Faths -
o | aneel i

Then set offset as volumes are defined by traffic directions. Then set offset expression as traffic is depending of
directions. The +0.2 value is useful in order to visually differentiate both directions.
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(=} Espression Sring Builder o
Fcmersan Function BEdtor
il XL O Search.. || Show veen | group field -
1.5% @walus® R P "-'-'1 Qeometry_part_count | Doickde-lick bo add Feld nami Lo
gesmetry_part_nam =apirassion siirg
qecmetry_point_count Figh#s-Click on figld name to open conbest
qmﬂrr_pnirrl:_nurn meny sample value lgading opbans,
syenhaod_calor Hitas
syenbual_leyer_caunt :
symnbad_Leyer_inles Leading field valies fram WES lagers isn't
e supoortes, befare the laper is achually
F Aggregatis inazrted, 18, whan hulding ausnes, =
b Bimays
» Color Vahiea Ol Soaed
) e  sunge 0 Sarvpiin
b Custorn
b Dtz pmid Time
= Fislds and Yalyss
HLULL
e e o
eI RN e
Expacted format; stng of deubles “xy' or srvay of doubles [1y] :.; ¥
..... S e [ —
Fehre |wL73358ZHZIZE1EEE1] ¥ | R
Proview: MDD #  Files and Paths -
"~ ok | caeel || Hep

@value corresponds to the numeric value defined in stroke width and offset parameters. It is important to
introduce @value in expression formula because it allows to customize the width by adjusting the parameters
value without having to modify the formula.

Result

" R
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o B wTL-EBFC TaE R oS
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+ 1 Awiprasrds
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+ [ Curgushi

L] Sl ds vecEan
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P Gadape

U o I T B

SR o A T 1
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© G Cvdh giraas pae T

+ B Cudierea

+ G Merzavemant dowicton

+ G Zekad v daw o sactoa

+ Tkl

g8 GIeL

v GRS

T ar Hetwidhi

= Hnras

B Jeaeg e e taidile
W abaranir
| T R w—
- ST EREE
E N T T T RIT S BT oay o

e ] L

Froves aerl moe (10 EE

Herim bl jinkare e mee |
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(R4 4} L RETETET TEITEE T IR

I owwwckaspar e s
S lasckoaon bz
% Bronim
55 Friggeau i wpar v sk
T lakal
B CoodBads
5 Fawrrhioas Vet n
F aliie
5 e
= A Cpadawye
« i A
+ M Sopx

-

d| b8 ==

Lolwe e e B3 Searderdy| WA 0 % hids|wwonr v B oo 0% 5 Aadedu e i vredy #esina @ 29
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4. Show traffic volumes flows

Create rule based labels because you will filter small figures later. It is important to click on the &= in order

to add a rule, even if there is no filter in a first step.

) e M =
Dexricieer
- P i ==
::-.-.t.n-.-..-.
w1 ahes
L |-\.-:l.-
Lz ks,
Lum oy sy L  Br s B R A T :
sk Tavi Farslm
" Fomertng Jop e Lakal o e Fien a
- FL L Bk b
st L Pt L Lt S s i
' daeckgeannd -
J srazoe Mo ieis Fa's i W o W =]l
Sk Findra alargs
& s [ s
4 Mrsdarrg
el 1= o
Lre craciznaarad  (42]
¥ Foreixd aeiecs -:: o
L ] =l |§=
a
Formatting text
Possibilité de définir la position de I’étiquette
1“ - 1=}
4% Placement Pants v|ld ‘
! Rendenn
# g =
cotr (R - |
1 1 S —— 100 10 % -
Opadty : il ;
Al HTML farmatting
' ) #/
Favorites g~ ¥
L4
L 3
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whesam v | ayaere -y =
=&

Rl Poe e minitizn :|H'_

- €

¥ ey e phmeTa
L J
® |
Result
-le._.;u--n:s ] a | ]
| Bage Dim Ve Gabe Eebesies Fierim Uednos Erin Bede dweiel fdned Bdlwe HROGE Deend G
[ cEBERERE O =220 R Em e & S -E-F- 5 R E s -

R AT N, - “wEAE TR AQAR A H

W

o F | P s o e SRR 4 T T
| s, -
= & = 7 5,-8 2} B o aclhig oo

LT D
R
o drahmc dclawe L
3 ArabTe ara

L fatys ecie B
L S
o Ladrgapha

3 Crorsen deverhiza
o e el
3 Rl

O lamdobn

O U ko emmw
o O dzE

A Ol e bR
8 Mk wor.

O Emamverd rp
3 secsondm ..
L THE EuETHA

'\-' i mhr

Krcbothe & e SR BE A
o rdEE T . bobge soma | e g R
Ll v Lo e & uonzh
= Ak ke e s & ojua
Ued @ e FERIS e S B Bhon
o e
.- - _— e ——— -I-
-1 = |8 - Jone - d y n E
I o lape o P Bierl | Lmoree MR WA TN EOwh Naloer T i Loaps| IR = T P D ek W pmaanes &

The map has too many labels and is becoming unreadable. Moreover, the precision to the nearest unit is illusory
considering the survey sample rate.
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We will filter labels for volumes<2000, merge labels for adjacents links sharing the

volumes to the nearest hundred.

same value and round

(2} Edit Rule *
DiesTinon
® Flter  |walue>=2000 Test
He=  Cabch-all for other feahres
Scale Ranges
Mirimurm {edusive ) lanimum (indusive)
1: 100000 * 1:1000
¥ Labeks
Vabe | rounc)volame, -2) = (B
w Text Sample
[
Lorem [psum
L
Lorem [psum # | 125 | | |6 -
sbe Text Formmatting
-
% Formatting | Multiple ires
80 Buffer Wrap on character L=
abel hfask ; . — =
‘Wrap lines b Mo sulomalic wrapping . 13
@ Background =
J Chadow Manomum bre length bl
aba
J Callouts Line height 1,00 hne ==
* e
¥ Placerment
J,.r Rendering Mignment Left - 4 L
Line drecton symbal 4=
L eft
Right
Flacement (&) lefiinight above becdiy
Reverse drection
v Formatted rumbers |45
Deomal plages 0 e
oK

Define the same distance as the stroke width and offset values. Check “Line orientation dependent
position” and “Right of line” for a traffic map-like rendering

Result
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D- Create a territorial accessibility map
on a time period and/or from/to
several points

1. Create the accessibility map and the area of influence map

1.1. Matrix creation

Example with a point during a period (several arrival or departure times)

Select a point (in yellow on the map)

=
- e
L st L sse |
== - P oiene .’l

e
-.- ‘.-
= [ ] [
" — i
= ™
L L]
- L =)
&

SCRIPT Musliw matrix simple list
nodes : select the nodes layer (the layer where the node is selected)

Check Selected features only

Fill start_time and End time fields of the period : example 16:00:00 — 17:00:00




Fill time interval in minutes : example 15,0000
Check diagonal matrix (same origin, same destination.

Save matrix as.

) Muslive Matsix Simgle List 4
Parameters | Log Musliw matrix simple list
Mok
= Gercrates a Musi matrt from a point layer and a periad of
G:/B0_DREAL {2013/vorie_QgisjioerT =~ | ([[3]) %N tme (from start bme to end tee veth & step n minutes)
: the soript generates a full square matri (o od) or 2
i bl f e d:;:r.r-.'.‘.'r::' {M od with same orgin and same destnaton)
o= 100
Paramebons:
LT, - :
S = Nodes: nodes layer (rormesponding to nodes lver or the
Cemand graph ]
| 1,000000 || | modeid: Feld that contairs the node 1d
Day Cemand: number of passengers for azsgnmeant
|1 = Daw: mumber af e day i U calendar (1 frst day of the
Start time caendar]
| 1&:00:00 Slerk ime; Beginning ol the lise period
Erid ime= Step: Step tme 1 mirutes
f 170000 Departur= farresal: Departure (from Start poant bo =nd point
e forward] - &rrival (From end point bo start point backward]
= Dimgonel matmx: Chadeif you weant onfy & digonal metroc
| 15000000 ) w| insteed of & hul sgusr= matna
Ceparture fArrhal 0 [zbal: 1¥ True &n orign-destnsbon 10 wil b= writt=n
Deparhure = | cambinirg o and d 105 s=parabked by & ™~
7 — Mushv mate: Mushs matrx name (et Bl wrth ™" separator
D label?
Mushyy maliix
|G fnoubelefmatrice_point_15h_17h. bt a .|
| 0% Cancel
|Fun as Saich Frocess.. Run || cose
Result: The generated matrix
I matrice_point_16h_17h.tit - Bloc-notes = Ll x
Fichier Edition Format Affichage T
ml33898922230661500,mlE33893922230661500;1.8;1;968.8;d A
ml33898922238661500,m133898922230661500;1.8;1;975.8;d
ml33898922230661508,m1338938922230661500;1.8;1;998.8;d
ml33898922230661508 ;m133898922230601508;1.8;1;1885.8;d
L
Ln 5 Col1
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1.2. Customize Musliw computation parameters
In the field “output link times” choose « Without timetable links »

(5} Musliw Parameters b4
] _ Musliw parameters
T Create 3 set of parameters useful for mulbmodal routing
5 | or acceesbiity computation with Musiv
Individual mode speed factor Froduce & parameter file (io be sslected in musdiw
| | computation):
1
= R Farameters:
i I wehicls weight ; wesight Fector for travel time in vehide
|z | (time baseds mode e.g bus, tram, train, metro, aiplans,
Maximum trarsfer delay ferrye..)
iﬁ":' | Waiting weight: weight factor for waiting tims
Extra day durstion Individual modie weight @ weight factor for individual modes
| 2] iravel tmes (e.g car, walking, cyding, ...}
|0 |=
Boarding weight: weight factor for boarding bme
Plax, individual bme budget
m Indiwidual modie spesd factor: homathetic factor that apply
| 60,000000 12| to the indrvidual travel bmes
Maimum w'i“d ke Mmumn brensher delay : minimum safeby ime for fransfer
[ - [ex: 5means that you should wait at kast 5§ minutes at a
1500, 000000 l"’l stop before the bus leaves
Toll weight Maxmum transter delay: maxsmum waibng time for
o | transfer (ex: 60 means that you wil not be able ko take
atran that leaves more that 80 minutes after you arrve)
Dutput fiter [optonal]
Extra day duration: By default Musiw taioe=s only into
| | account timetable of the day selected in the matrix. If you
y can extend with the timetable of the day after (f
n‘f‘tmw departure]) or the day before (arrival] your must enter 1
| Withaut tmetabie inks s | Max. indiviudal re budegl: The algorithm path vl mat
! explore shortest paths that have a indwidual time budpat
| Prohibited U-wums? greater than this value
v Qutput paths? Maximum genershized time: The algarithm path wil not
— explore shortest paths that have a total generalised cost
| Dudput services? oreater than this value
| Output fransfers? Toill weight: weight factor for ol attribute
| Qutput node times? Owtput filter: apedfy the type of inks you want in the
Algorithm scale? reports {empty wall outpast al bnks ex: metro jbus | ram vl
; . | export only metro |, bus and fram ines
| 20 -
| Cwitput links imes: select what you want detaled cutput
AMgarithm exponent? at hnk beviel (Mo, withowt ou weth bmetable based links)
[2 |=| Prohibited U-turns: dhoase if if you want o slow u-tums in
b . shortest paths computaton
|11]EI|]_'I:I |: Cwiput paths: Cheddif you want to output detailed paths
ameters Output services: Chede if you want io have detail=d
o . outputs for each servics
Gffpoubels BLOSE inde. txt L = | Soc. Ji I
o e b l—"l 7| | rwdrut transfecs: Check if vou want tn have detaled k-
| 0% ||__Gance
| Run as Batch Process. . | Alun || Close
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1.3. Musliw computation
SCRIPT Musliw computation

m Musliw Computation

Parameters | Log
Musie network
| MutimodalResean_Mulimodal_Complet_npdc_H019 0t £

Mugie maltrix

z: \poubslle{matric=_paint_i6h_17h. ket &
Mugiw parameters

Gz poubelleparam_scess_periode. =l &

Musits penalties [optional]

Accept to download Mushy binary from Gthub
Cutput
|G fpoubeliefres_point_15h-17h, bt &

0%

Bur &z Betch Prooesss.

Musliw computation
Ferform a caloudation of mulsmodal acoessbiity and routng

Can download the Musdic.exe binary for mulimodal routing
and accesshility computation {if dhaded)

Produce cutput fles (semi-column separated fikes {f
selected in paramebers):

Origin destination resuits fil= *_od. bt

Cumulative times on arcs ™_temps. o™ (use=full fo
sochron maps)

Detaled paths ©_dhemins, tot”
Assignment results fle on inks *_aff. it
Log file ™_log. it

Farameters files *_param, tot”

results on services *_services, bt

Run. Clags

1.4. Compute travel times aggregation

From Musliw computation out files, we are going to use the travel times output file.

In this file, there are several travel times for each link, because there are 4 simulations during the period.

Here, we have at most 4 travel times per link, as there are 4 simulation during the period (one simulation every

15 minutes) (cf matrix)

Then, we can’t represent directly the isochrones. It is necessary to perform an statistic analysis (min, mean,

max, ...)

To do this we will use the SCRIPT indicators by link (You can also use if you want “indicator by node” if you

want a representation based on nodes

Link times output files : fichier temps (computation result)

Variable : choose temps

Check Remove initial/final waiting time
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& Indicators by Link

Parameters | Log | indicators by link
Link times file
G S Produce indcators aggregated by link, This analysis iz

|G=Mm_pﬂ-¢_lﬂ1.1m tempe. tet @ | .| | useful when you want to study the variation of travel

Wanable
Parameters:

|1=|';n |

= ink Bmes ouput fie: the Mushw link Bmes output fie

fer ) [_temps. b}
|1 | variable: The name of the variable for indicator
o e computation (lemps [lime default
¥ Remave nital/final waiting tme? { (time]) by )
m E 1 ks o fiter: expression to filker nodes times cwtfile (ex: moorr
indica remove initial ffinal boarding time: If checked the inilial ar

uink s e final waiting tme (between the excepbed arrival or

|G: fpoubellefsynthes_arc_pont_l6h_17h, et @ || .| |departure tme
and the rea one & substracted from the tota travel tme
tme based links only: [f chedeed only time based bnks are
analysed

| 0% Cancel
| Run as Batch Process... | Aun Cloge
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1.5. Update aggregated ti tj

The following process is similar as a standard creation of a territorial accessibility map, except that for the

“update of ti tj” script, you must choose which time we want to represent in the variable «Musliw time » (the

minimum travel time : min, the average travel time : avg, the maximum travel time : max).

& Update Ti Tj

Parameters | Log
Metwark
G:fB0_DREAL /2015 Noire_Qgis/DEFT_59_MNord DEPT_ ™
Travel times fie
[z \poubelle’synthes_arc_point_18h_17h. bt &
avg
Arc time
| L.2 Tps_marche
Depam.r..e,..famﬁ.
Departure
i=nade tme
& -
jods time .
| & -
Initial final waiting time?

Fun as Batch Process...

Update ti tj

Riead the travel tmes file *.._temps, tet” computed by Musiv
and creates (if they don't exiEl]) in the network layer fislds
vihere i-node and jnode travel bmes are saved

Farameters:

ayer : network layer {linear objects)

travel times fle: ravel tmes text file ... _tempe, bot generated
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are bime: arc ravsl time
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a
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Jnode tme: ravel Bme 2t -node fleld
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nital ffinal waitng gme (tattl)

Cancel

Run Chose

1.6. Update of the links pole

= Plebweark
-ﬁ At p-gernecioe

'ﬁ Buid conrectars

ﬂ' Duid graph

‘ﬁ Concatenste netviork files
¥ Concaterato notworks folder

'ﬁ Connect nodes to lines

& Create indridus] netwarks arcs
‘ﬁ Creale ppdated irks

3 GTFS mpon

'ﬂE lsolated nodes

45 Musliv individual network
A Mushiw timetable netwnrk
'ﬁ Prepare GTFS

ﬁ' Reverse arcs

ﬁ‘ Reverse selection geometries
3¢ Update fiskd
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If you also want to create a map of the areas of influence or catchment areas (if there are several points), you
must then update for each arc the pole to which it is attached, i.e. the node identifier from which the travel time
is the smallest

ﬂ Update Leks Pole
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To make the map, start again from A- Making an accessibility map, part 2 (making the accessibility map), level
5 (starting the linear interpolation).

1.7. Linear interpolation

= i Metworks
= Analyses
4% Get Ik Flows data
'-fc:-“j' Gravity ndicatoes
A indicators by link
".\:."-‘:' mdicetors by link 2nd day
ikt

v mdicaiors. by link mulliple points
f{- mdicatoss by node

fr

e indicators by node and day

-E;_‘-"_? rdicators by path

mdicetors by 0D

T kovalue polygons

To be able to create the map of areas of influence or catchment areas, you must, in addition to the identical
settings made for the single-point map, fill in the individual values field.

You must indicate the identifier that defines your areas of influence.
It is a text variable:

For example:
O, O_min,... For the closest starting or ending point
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Pole, pole_min, ... : For the intermodality point

(=} Linzar intarpaiztion o
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1.8. Drawing of isovalue polygons and areas of influence.

For the drawing of isovalue polygons, the settings are identical to those of the single point map.
For the drawing of the areas of influence or catchment areas, the "individual values" option must also be
checked.
So, to have both maps, you have to launch the "iso value polygons" algorithm twice
*  Once with the box "individual values" unchecked for the drawing of iso-value polygons
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*  Once with the box "individual values" checked for drawing areas of influence

o For areas of influence if their number is large, it is necessary to increase the max parameter, which

in this case corresponds to the maximum numbers of areas of influence to be represented
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E- Simplified accessibility map

The interest of developing plugins in the form of processing algorithm managers is to :

* Perform batch processing: Run the algorithm in batch several times

* Build models by chaining the algorithms together (can also be run in batch)

The realization of accessibility maps requires to execute successively several scripts or algorithms.

If the understanding of the process of realization of these maps is important for the consultant so that he can
understand the process, the parameters that he can modify, it seems useful to have a tool that allows to realize
the maps in an automatic way with predetermined default parameters.

For this purpose, Cerema has developed, thanks to the model tool of the processing box, 3 models (1 per
network) to generate accessibility maps very simply.

* isochrone_multimodal (multimodal network with detailed road network, large scale)
* isochrone_multimodal_light (multimodal network with simplified walking road network, small scale)

* isochrone_route500 (car road network, medium scale)

1. Installation

Each model is delivered in the form of a directory containing :

*  Musliw network

*  GIS network (arcs, nodes)

*  Musliw parameters file

* Qgis style file

* model file (.model3)
Copy each directory to your disk:

Copy the model files (.model3) to your processingmodels directory: C:\Users\<username>AppData\Roaming\
QGIS\QGIS3\profiles\default\processing\models

2. Settings

The principle of models in Qgis is to be able to chain several algorithm scripts.
A model is made of :

* algorithms (scripts)

* inputs (parameters to be entered by the user)

* links between algorithms
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In the example of the multimodal light network model, we can see that it is composed of 6 successive
algorithms and 2 inputs (point of origin and result file)

All the other parameters of the different scripts are entered as parameters in the scripts (e.g. simple musliw
matrix script).
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Each parameter of each script can be defined by either :

- a value: constant defined by the user for the parameterization (e.g. "num" for the name of the node number

in the node table)
- an input (here origin for the start and end points)
- an expression

- the result of another algorithm

The user must initially define all the parameters of each algorithm to adapt them to his needs and context (file
paths, day, time, number of pixels, etc.)

He can also add inputs if he wants the user to enter a parameter at each use. For example, here the time has
been set to 9am. It could be useful to add the time input so that the user has to specify the desired arrival or
departure time each time.

Once the template has been modified and customized, the changes must be saved. However, the models are
only loaded when Qgis is started. In order to use the modified version, it must also be loaded into the project
(green icon to the right of "save as"), otherwise the old version is used.

3. Making the map

To make the map, you need to run the template in question as a script. They are located in "Models".

First of all, you need to define in the map window the area of study of the map. The map will be defined on the

visible part of the map only
= %5 Modes
*4 oerm

= Anokysis
L. airer_irdflusnce

We can see that now only two parameters are required for the accessibility card
multimodal accessibility map :
* the origin: point to click on the map

* the result : vector file in which the isochrones will be generated
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All other parameters are defined by the user beforehand by default. The user can always change them if he
wishes but he will have to save the model again, or add an input if this parameter is to be changed often.

4. Tips for setting parameters

When building models composed of a succession of several scripts, it may be interesting to set the paths of
frequently used tables or files dynamically.

In the creation of accessibility maps in particular, the user may need to create maps for different modes
(walking, cycling, public transport, car, ... and on several study areas).

For this purpose, an interesting method consists in naming the files used for each mode in the same way and
placing them in a different directory with the name of the mode, for example

* reseau.txt : Multimodal network in Musliw format (txt)

» arcs.gpkg : The table of the road network used by the mode we want to study (walking, car,
bicycle, ...)

* nodes.gpkg : The table of nodes associated with the arcs.gpkg table
» parametres.txt : The calculation parameters of the mode in question
* result.txt : The name of the result file

Then the trick is to create a variable in Qgis that will point to the directory of the mode you want to study. For
example, here, we must add the variable "musliw_path".
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In the following two images you have an example of how to parameterize directory names using the
@musliw_path variable. You have to define the parameter as an expression and concatenate the name of the
variable with the name of the file (same as above for each directory.
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F- Create an accessibility map based on
a grid

1. Advantages and drawbacks

The main advantage of this method is that the realization of the map is much faster since it only requires the
steps of creating the matrix and the calculation and then a thematic analysis.

Moreover, this method is particularly interesting when there is a need to cross-reference accessibility results
with other data (e.g. gravity accessibility) since all the necessary data can be disaggregated to the level of each
grid cell.

However, as the grid is fixed, it is scale dependent. If we zoom in too much, the meshes become too big and
this gives a pixelated effect and a loss of precision. Finally, as the grid is fixed, the initial step of creating the
grid and preparing the data is a bit time consuming.

2. Creating the grid

The grid can be created in several ways.

To stay with the providers of processing algorithms, we can use the Qgis script "Create grid" located in the
"Vector creation" group
= {3} Vector orestion

- Birey of offset [parslel] lines:

* Airey of Iranslabed Peglures

i Create points bayer from teble

The following script generates a hexagonal grid on a defined area from a loaded layer (Hauts-de-France
Region) with a spacing of 500m.
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3. Cut the grid according to the outline of the study area
The grid can then be lightened by deleting the cells located outside the study area (here the Hauts-de-France

Region) with the script “join attributes by location”
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Make sure to check "delete records that cannot be joined"
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4. Create a zone identifier

Then you have to add a field in the grid corresponding to a cell identifier (or zone identifier)

To do this, you must create a text field "zone" for example defined by the expression 'z'+@row number
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5. Make a copy of the grid in centroids

The objective is to have each grid cell connected to the road network. This means treating each cell as a point of
interest (POI). To do this, it is necessary to create a layer of points corresponding to the centroids of each cell of
the grid. To do this, we must use the "centroids" algorithm.
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6. Create the grid - road network connectors

In order to integrate the centroids of the grid cells into the accessibility calculation, it is necessary to generate
the connectors between each of the centroids and the nodes of the road network.

= Plefwpnik

:“:" At p-cennecice

Buiild canrechans

3 Buid graph

Special attention must be paid to the values entered for "node mode i" and "node mode j".

In the example below, 'z' is entered for 'node mode i' and 'm' for 'node mode j'. This means that the connectors :

- from zone 'z' to road node 'm' will have the type 'zm

- from road node 'm' to zone 'z' will have the type 'mz'.

These types will be the ones used in the calculation parameters to filter the results only on the zones and not on

the whole network.
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7. Insert connectors into the multi-modal network

The "Build connectors" algorithm generates a table of linear objects corresponding to the connectors (here

connectors_zones.gpkg) and the "txt" file of the connectors in Musliw format ready to be integrated into the
multimodal network.

To do this, the file connectors_zones.txt (connectors in Musliw format) must be concatenated with the file
"reseau.txt" of the multimodal network in Musliw format.
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8. Create an adapted parameter set and launch the calculation

To be able to visualize the results, it is necessary to generate a specific parameter set a little bit different from

the usual parameter set for the realization of classical isochrones maps.

= Compulalicrs
"IJ& Mg Compulaban

In particular, you should :

* Enable "output nodes?

* Enable "detailed travael times" "compact mode" if you want to reduce the size of the node file

* Set up the "output filter".

o zm (if the mode identifier is z for zones, and m for the network walk) with an "endpoint"
calculation)

o mz (if the mode identifier is z for the zones, and m for the network on) with a "starting point
calculation)

Then, it is necessary to launch the Musliw calculation

9. Visualize the results

Import the Delimited Text file ..._noeuds.txt
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Perform the join with the grid layer
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Make a graduated representation on " temps " or " temps -tatt1 ".

Faphy
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We obtain the following map
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G- Creation of gravity accessibility
maps with or without spatial and/or
modal competition

1. Presentation

1.1. Introduction

Unlike accessibility to the nearest service, which provides information on the fastest travel time to access the
nearest facility, gravity accessibility makes it possible to construct indicators that take into account the
accessibility not of the nearest facility but of all facilities.

Indeed, it is not the same thing to be located 10 minutes from the nearest general practitioner who happens to be
the only one within an hour, for example, as it is to be located 10 minutes from the nearest one, but with the
presence of one or more others within 15 minutes. The gravity method also makes it possible to determine
whether it is more interesting to be located 10 minutes from a single doctor, or 15 minutes from two doctors

1.2. Principle

The principle of gravity accessibility is to give a value or a weight to each equipment (e.g. to each general
practitioner) which depends on its accessibility. Gravity accessibility then consists in summing up the weights
of each equipment. The value of the weight is defined by a decreasing function of the distance called the
conductance or resistance function (distance, access time, generalized access time, cost, etc.).

1.3. Function used for accessibility by gravity

For accessibility to services, the principle chosen is as follows:
- We want a service on the spot (t=0) to count as 1

- A service not accessible or at an infinite time counts as 0

- A service located at t=t0 counts as 0.5

The choice of t0 is a parameter defined by the user. In the example we have taken it equal to the average time
observed in the Household Travel Surveys according to the mode of transport:

- Car: t0=15 minutes
- Public transport: t0=30 minutes

Ideally, these parameters should be calibrated on the basis of survey results that make it possible to assess the
attractiveness of one facility in relation to another, from the standpoint of accessibility alone.

[
[ =
[y

In this study, the resistance function used is of the form 2
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1.4. Required data

To calculate the gravity accessibility for a service in a territory, it requires :

- A table of areas of the territory (polygons or grid) that contains data on the population(s) for which we are
looking for territorial accessibility to the service

- A table of facilities (amenities representing the attractiveness of the service, e.g. table of doctors, table of
schools, jobs). This table contains a column characterizing the attractiveness of the service (e.g.: number of
pupils for schools, number of jobs, '1' for doctors if we do not know their average number of consultations)

- An accessibility calculation based on a matrix between each generator and each population zone.

2. Gravity indicators with or without spatial competition

For the gravity calculation, it is necessary to check that in the parameterization file, the output 'Nodes file' is
activated and that in the 'output filter' only the sections connecting the zones to the road network (outbound or
inbound) are activated, depending on whether the calculation is done with a starting point or an end point.

Depending on the size of the matrix (at least nb zones*nb equipments * nb hours per od ) the script will, based

on the result node file, calculate gravity indicators taking into account the socio-economic data of the concerned

population.
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The script produces two result files of delimited text type with ";" as separator.

* Afile..._zones.txt: This file contains the gravity accessibility indicators related to each zone with the
following fields:

© zone: zone identifier
© nb: number of DOs that contributed to the calculation of the indicator
© n_tot: number of accessible amenities without taking into account spatial competition

© w_n: gravity accessibility indicator with spatial competition without taking population into
account

© w_pop: gravitational accessibility indicator with spatial competition with population taken into
account (nb of amenities per capita). In the example below, this is the number of college seats per
capita.

zone nb w.om n_tof w_pop

Z2 117 0444 1909 0.00810
£3 117 0.303 1263 0.00562
24 117 0,334 1405 0.00618
s 115 0295 102580 00005498
iy 117 0318 173322 0.005%54
IT 117 0370 1563 0.00600
it 117 0400 1701 000743
9 104 0,035 126G 000056
Z10 107 0,033 137 0.00092
£11 117 0.165 677 0.00337
£12 117 0.183 755 000372
£13 115 0160 gl QUD0EE
£14 117 0,332 1421 0.0065%4
715 117 0331 1417 000652
Z16 117 0323 1339 0.00350

7 117 0,332 1389 0.00610
218 117 0,396 1%38 0.00727

19 117 0.342 1438 0.00631
220 117 0.386 1641 0.00708
| 115 0356 1%5bh 00006091
A 117 0392 1671 000518
723 117 0280 1153 000526
224 117 0,435 1866 0.00806

* Afile..._equip.txt : This file contains the gravity accessibility indicators relative to each of the
equipments

© equip: equipment identifier

© nb: number of DOs that contributed to the calculation of the indicator

o pop: total population of areas that contributed to the calculation of the indicator

© w_n: gravity accessibility indicator with spatial competition without taking population into account.

© w_pop: gravity accessibility indicator with spatial competition with population taken into account
(catchment area)

© w_pop2 : population by amenity (by doctor, by job, by college place, by equipment, ...). . In the
example below, this is the number of inhabitants per college place
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© vol : volume of amenities of the equipment (here number of college places)

BOUIp nb pop wn [wpop [wpop2 [vol
DGO0G365 45040 17351'589] 1072 39900 4.0 all
0600514.] 46271 17353'322| 6753 484244 253 645
DE00E53K, 46030 1355208 T334| 4687667 2801 245
D6O0032K. | 46680( 1354660] 8195] S73483 204 aog
(EE16261 ABLMH 1352838 0757 21540 122 294
DEa2E1F ARTEN 1352187 4550 J00MES 17.7] 405
DEO0GEE.] 46654 1'354'617| G876 4500684 250 563
DGO0AEAC 46764 1354'006G) 65| 467076 23.6 53l
00112766 1673 05284 114 347 0.8 1261
06901251 46866 1355'225 5137 412216 195 351
060172478 46836 1355284 TS02] 551°326 276 168
DEO0E51H 46610% 17354702 67208 S00744 2501 494
eSS AZH2H 134572 QHS 1HE1Y 14.2 1141
DES0E5N ARFGN 1352716 H5EE 419154 214 943
DEO0GE3M | 46381 1353738 4370 348552 16,3 603
0G24197M | 45690 1735008430 2'411] 124537 0.4 137
0G93619.] 46733 1354408 3281 255085 136 B1H
06929686 46724 1354785 4827 303858 196 303
D690027E 46628 1354'728] 7'406) 564'146] 27.9 1083
DEA304 58, 46441 1353637 3102 244540 13.2] 361
DELE6HL ABHN 1354954 M1 ShEE2ES 26 34
DELa337I5 A5848 17351'953] 5E70) 490006 23.1 i
DEa0T127 46397 1353730 4370 340557 16,3 156
DGo0G42Y 46330 17353635 5TH1| 4300252 219 11H
0G234T8F 46621 13543091 4413 170467 15,3 1254
06932000 43690 1344950 927 17758 134 270
DGO010M 46370 1353907 4850 418424 2006 284
06001036 | 462521 13537124 5500 430451 223 1043
LT | 46165 1353008 694 449145/ 2.8 1405
DEL0 FAF 45581 13514H3] 435 297854 168 H2%
(93074 A6RTA 1354004 8081 462877 2.2 Q4|
OG23446W | 45651 1351008 4215 318111 16,2 B3N
DGO16506 456900 1'350'843 2411 124537 0.4 380

3. Gravity indicators with spatial and modal competition

The gravity indicators with spatial and modal competition are a generalization of the above indicators. In

addition to spatial competition for access to facilities, the calculation also incorporates modal competition
between several subpopulations that differ in their use of transport modes.

In order to calculate this indicator, the area layer must contain columns corresponding to the subpopulations to
be studied.

Here in the example, the population is divided into 3 subpopulations in the following columns
pvpO: the population of households without cars
pvpl : the population of households with one car

pvp2: the population of households with 2 or more cars

For each of the sub-populations, we need to know the modal split of the trips (here for the home-college
pattern) if we are interested in the accessibility to the colleges.
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The mode table must be filled in as follows:
* mode : The mode label
* t0 : The value of the time in minutes for which the resistance function is 0.5
* modal share: The modal share of the mode for each of the subpopulations (in the form of a Python
dictionary where the keys are the column names of the subpopulations)
*  Musliw node file: Musliw node file of the gravity indicator of the mode in question (see G 2)
It is therefore necessary to have previously calculated the gravity indicators for each of the modes (see G 2)
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The script produces two result files of delimited text type with ";" as separator.
* Afile .. multi_zones.txt: This file contains the gravity accessibility indicators related to each zone
with the following fields:

(e]

e}
e}
e}

zone: zone identifier

nb: number of DOs that contributed to the calculation of the indicator

pop: total population of the area

n_tot: gravity accessibility indicator with spatial competition without taking population into
account

w_pop: gravity accessibility indicator with spatial and modal competition with population taken
into account (nb of amenities per capita). In the example below, this is the number of college seats
per capita.

pvpO,pvpl,pvp2: This is the w_pop indicator but relative to each subpopulation. The name is that
of the corresponding column name in the area table.

ZOne nb |mtot wopop [pepl  [pvpl  pvpd

Z2 1072 233 0.0178 0.0231 0.0123] 0.019G
Z3 1072 143 0,005 0.0150{ 00072 0.0125
24 1072 158 0.0119) 00177 00082 0.0137
Fidi 104, 1580 O.0101) Oudda4l 000000 0oL
K] 10072 151 0.0114] D68 00008 000133
) 1072 272 00186 00224 00127 0.0244
Za 1069 250 0.0201 00255 0.0038( 0.0258
Za 10705 ol 0.0024( 0.0008] 0.0016{ 0.0043
Z10 1027 51 0.0024] 0.0008] 0.0016] 0.0043
Z11 1057 71 0.0045( 0.0049) 0.0031{ 0.0061
Z12 1057 76 0.0050{ 0.0059) 0.0034) 0.0065
L13 105¢ GH CU00a4| OU004a8) Qoo oooed
£14 1057 157 0.0114] 00064 00008 000133
15 1057 1561 0.0114) 063 00079 0.0132
Z16 1072 148 0.0102( 0.0049( 0.0070] 0.0120
Z17 1072 155 0.0111 0.0161 00077 0.0132
Z18 1072 200 0.0154 00234 0.0106] 0.0175

19 1072 175 0.0134) 0.0181] 0.0087 0.0151
220 1072 179 0.,0139) 0.0221) 0.0096 0.0152

£ 104 14 Qoo DUl Duo0us) Dudl4d
e 1072 1032 000148 0U022¥ 000101 o163
723 1072 137 00089 00137 0.,0088) 0.,0122
224 1068 313 00223 00296 00153 0.0277
£20 1072 325 0.0233 0.0316] 0.0160] 0.0286
Z26 1057 24| 00023 0.0031) 0.0016) 0.0027
227 1057 61) 0.0037 0.0033) 0.0025) 0.0054
2208 a7 50 0.0023( 0.0006) 0.0015) 0.0042
st aay S DUOOEE) DuOOmE| Ouo015S( o092
L0 1057 GO (L0043 U00AG( OuO0E0| o0

* Afile ..._equip.txt : This file contains the gravity accessibility indicators relative to each of the
equipments

(e]

o O O O

equip: equipment identifier

nb: number of DOs that contributed to the calculation of the indicator

pop: total population of areas that contributed to the calculation of the indicator

nb: number of DOs that contributed to the calculation of the indicator

w_pop: gravity accessibility indicator with spatial competition with population taken into account
(catchment area)

pvp0,pvpl,pvp2: gravity accessibility indicator with spatial competition with population
subpopulations taken into account (catchment area by subpopulation)(column names identical to
those of the zones table)

w_pop?2 : population by amenity (by doctor, by job, by college place, by equipment, ...) . In the
example below, this is the number of inhabitants per college place
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© w_pop_pvp0, w_pop_pvpl, w_pop_pvp2: sub-population by amenity (per doctor, per job, per
college place, per facility, ...). . In the example below, this is the number of inhabitants per college
place for each population category

o vol : volume of amenities of the equipment (here number of college places)

©]

Euig pepl fpop pepl e pop peed fpepl o pepl wopop pepl pep? pop pepd e pop pepd ol P Wopup W pupl e
IEH1GLAE A%ER 24718 { 15276 Gi26%a a0 183 A0 BAD ARG 1TMTEY 3MTad 548
Fitiibadr | 0 SariEE] N THHA Hh5A] A 1Mm1a 4nd bt B e I - N - e W [ | AR
DAILETSN ¢35§ 257114 R3O0 AISWTL TEA 33013 AZIGI0 357 422928 1905069 173533 1418
AT | 2 251K HAD13 GRS L33 3w anzm) LR ALEEE TEEDAN 120141 1503
L HMIHEEDY 2411 Z.-'!'i'n"H?_ 15'1'.!1_ HanoE? .':'.l:it'f_ 1?‘.:I'EI_ 4211011 461 4170 1705 Z'IZ'I‘.'.\'.IZI_ .".h!l_
DI11555Z i 7 408 73230 052 1252 106W08 151 230258 100y 1vsa 233
Eill 14 Hlae AT A1 g4 208 1A% LRy 408 A2TA 1FEGA AR borl
AT R TR PTAT B2ST B.0E p062d  arindl B0 41000 104747 50900 14.08
DARZL15a gl 2571 Lol 24758 25542 £31 16182 42210 £13 ALBWS3 LSMT70 50743 14.28
AEIEELY] 180 AT LI {31 i EN 106 Bl 21 7FEH R e I RS A 10724 ahd
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naplEss | 73E0E 25710 5.5 126%43 825708 1145 AT 422373 GOSN A257A3 LS05I06 2MEB1S 376
Eill 14511 s Ahiitail L AT AT L0 143 41 400 THHGH 1R ALV HAA
TERRIIETS, = T R TEl Tl G2near 157 B 420159 150 210615 lonatod 1590 408
DERICORT 0 3 DO 512 71738 DAl 153 105261 220 208235 17699l MM 28D
Eidl 114, L5 ALY 2001 A0 AT g AR H.! A LA A S20HAT TR 158 TN 164k
ENIEEAD e T L IO 2oy &2aqae 145 5420 210455 379 00T 1edrTsd 0aqa GeE
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H- Using processing models

1. Introduction

The advantage of developing the "networks" extension in the form of an algorithm provider is the ability to

create complex processing models by combining different algorithms and also to carry out batch processing.
To make things easier for users, processing models have been developed and made available to perform the
most frequent complex tasks.

These models are as follows (sorry in french):

- Isochrone: Drawing a monosite isochrone

- Isochrone multiples: Drawing of a multi-site isochrone

- Réseau individuel choix référence comple: Drawing of catchment areas

- Individual network full reference choice: Generation of a road network from OSM over the study area
(exhaustive network)

- Réseau individuel choix référence light: Generation of a road network from OSM on study area (simplified
network)

- Réseau individuel fenétre complet: Generation of a road network from OSM on the study area defined by
the visible canvas (exhaustive network)

-Réseau individuel fenétre light: Generation of a road network from OSM on the study area defined by the
visible canvas (simplified network).

- Réseau Transport en commun: Generate a public transport network from GTFS data and connectors to the
road network.

2. Installation

* Go to Preferences/User profile/Open active profile folder to open the corresponding folder

* Then go to python/plugins/networks and copy the .model3 files into the processing/models directory from the
active profile folder.

* Deactivate and reactivate the processing extension so that models are taken into account
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3. Running the model
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“®Go to the edit box in the Templates/Cerema menu and double-
click on the template you want to run.

Enter the required fields and run the procedure.

Only the essential parameters are requested.

However, you can customize the template by editing it. This
allows you to change the value of the various algorithm
parameters.

It is also possible to add entries to the dialog box to ask the user

to specify one or more other parameters.
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Ex: individual network by reference light dialog box
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4. Description of model outputs

* Isochrons and multiple isochrons:
The model produces a layer of iso-value polygons representing the isochrons by time step (default 0 to 120
minutes in 10-minute steps). These values can be customized by modifying the parameters of the "iso-value

contours" algorithm.

¢ Catchment area :

The model produces a layer of polygons representing the catchment area of the nearest point in terms of
multimodal accessibility (network indicated in the Musliw calculation) of each hub indicated in the matrix

(departure or arrival point).

¢ Individual networks :

These models generate the following files:




- A table of road arcs with the addition of the following columns (direction, diffusion, dead end, length,
time_m, i, j , ij)

- The corresponding road network file in Musliw format (.txt)

Public transport network :

- a GIS file of nodes: a layer of point objects made up of stop points with information on the name of the stop
and the frequency of use

- an GIS file of arcs: a linear object file representing a line linking two consecutive stops, with indications of
the initial node number and final node number.

- a GIS file of lines: a file of linear objects made up of lines linking two consecutive stops on the same public
transport line, with the initial node number, the final node number and the line number indicated. The layer
also contains frequency information.

- a public transport network file in Musliw format (.txt)

- a GIS file of connectors between public transport stops and road network nodes

- a file of connectors in Musliw format (.txt)
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I- Musliw documentation

For the computation of multimodal accessibility based on timetables and time on links, it is necessary to import
a network and a demand matrix. It is also necessary to set up parameters for calculating the TC generalized

time. The following paragraphs describe the process.

This calculation also works if there are no links based on timetables (ex : walking, cycling or car network only)

1. The « network » file

To define a time based network in MUSLIW, you need a file of the following type .
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The network file is a "Delimited Text File" with "; » As separator.
NB: MUSLIW automatically handles the problems of decimal separator ".' or ',". It converts them automatically
according to the settings defined by your operating system.

*The different fields in order are:
* origin node number of the link; maybe also an alphanumeric string;
* destination node number of the link; maybe also an alphanumeric string;
« travel time of the section:
o number of minutes, if the mode of transport on the link is individual: car, walking, cycling;
o -1 or, if the mode of transport on the section is a public transport with schedules.
* length of the section :

—length ;
—«0» if length is unavailable.
*PT line number : (a number )
«if positive (> 0) :
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—line number (integer), for links of public transport with schedules ;
*si negative (< 0) :

#° period id during which the travel times will be identical The link is then considered to be
of individual transport type variable in time. You need to describe the time periods during
which time is applied. The identifier must be different for each period with a different
travel time. An example of coding can be found below:

» -1 for the morning peak period,;
» -2 for the evening peak period,;
» -3 for the off-peak period,;

* -4 for the night;

» -5 for Sunday and holidays.

L 2K 2R R 2 4

Service id :
—service id (> 0) id (integer), for public transport sections at times;

— service id (> 0) the range number (integer) for the individual transport links taking into account
schedules and the calendar; ;

— -1, for individual transport links (VP, walk, bike) without taking into account schedules or
calendar. The section will be accessible 24/7, and will invariably present the same travel time.

*Departure time at start node :

—departure time, in minutes (past midnight), for public transport sections at times (eg 6h00 = 6 * 60
= 360minutes);

—start time of the usable period, in minutes, for individual transport sections taking into account
timetables and schedules;

— -1, if the mode of transport is individual without taking into account schedules and calendar: VP,
walking, cycling

earrival time at end node:

—arrival time, in minutes (past midnight), for public transport sections at times (eg 6:00 = 6 * 60 =
360minutes);

—end time of the usable period, in minutes, for the individual transport sections taking into account
schedules and calendar;

— -1, if the mode of transport is individual: car, walking, cycling.
eservice circulation schedule :

—o string of "n" characters: n = length in days of the period. The circulation of the service for each
day of the period is determined by "O" for "circulates" or "N" for "does not circulate". For
example, for a service that only runs on the 10th day of the period, the corresponding string of
characters will consist of 9 "N" and then an "O" in 10th position. The chain of a service that runs
every day will be composed of n "O". This chain determines in the same way, the days of
circulation the links of the type individual transport and those defined with schedules and
calendar;

o -1, if the mode of transport is individual: car, walking, cycling.

— -1, if the mode of transport is individual: car, walking, cycling.

*label :
—the label is useful in the result files for identifying sections and routes by name rather than just
node, line and service numbers. The part of the label before the first vertical separator «| »
Generally determines the line identifier. The user is not limited in number of characters.
*Link type :

—the type of link makes it possible to define time and cost weighting parameters differently according
to its considered type. Thus, a default connection time of 5 minutes for the network type 0 and 35
minutes for the Eurostar or aerial sections can be set to take account of the registration. Link type
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could be a text string (ex : Tram)
*Toll:

—The value to enter is the monetary cost on the section. Musliw will then calculate the optimal path
taking into account the toll that is introduced in the generalized time thanks to a new weighting
parameter that can depend on the type of link. In output Musliw will also provide a "toll"
element that indicates the cumulative toll on the origin-destination.

The limit of the number of links and services is not defined. It is the memory of the computer that will set the
limit of the allowable size..

For 32-bit operating systems, the maximum size of an object is 2 GB. Thus, MUSLIW will not be able to
handle larger networks, even if the RAM is higher (4 GB is the maximum manageable size).

Conversely, this limit is much higher for 64-bit systems such as Windows 7, Linux 64, etc.

The major advantage of having a network integrating the service circulation calendar is to be able to vary the
periods of the accessibility study without having to recode the network accordingly (especially with regard to
Saturdays, Sundays , holidays, etc.).

The example below shows the coding of node numbers by strings and the type of network coding (0 for all
sections except "station; bruxelles E *" which is type 1).

depart;gare;5;-1;-1;-1;-1;-1;-1;MARCHE, O

gare;bruxelles tgv;-1;-1;1;1;480;530;0000000;TGV|LILLE-BRUX TGV;O0
gare;bruxelles E*;-1;-1;2;2;500;532;0000000;E* | LILLE-BRUX E*;1
bruxelles tgv;bruxelles centre;5;-1;-1;-1;-1;-1;-1;MARCHE;O
bruxelles E*;bruxelles centre;5;-1;-1;-1;-1;-1;-1;MARCHE;O

1.1.1 Possible use of the type of link

*The type of link has two essential uses:
» differentiate time and cost weighting parameters by type;
» perform calculations of shorter paths on a part of the network;
« to filter the individual sections of a particular type (must enter a corresponding negative'"cmap" negative;)
» To filter the sections of a particular type of time, you have to enter a negative "cveh".
« allow statistical operations by type of network

1.1.2 Example of coding of individual LINKS taking into account time
periods and calendar

The following excerpt provides an example of a stretch definition whose travel time depends on the time period
and calendar :

11;151;5.3;0;-1; 1;420;540;000000N
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11;151;3.
11;151;3.

;—6; 2;0;360; NNNNNNO
;—6; 3;1140,;1440,; NNNNNNO

~e

11;151;4.1;0;-3; 1;540;960;000000N
11;151;4.1;0;-3; 2;1140;1200;000000N
11;151;4.6;0;-2; 1;960;1140;000000N
11;151;3.5;0;-4; 1;1200;1440; 000000N
11;151;3.5;0;-4; 2;0;420;000000N
11;151;3.6;0;-5; 1;360;1140;NNNNNNO

1;0

1;0

~e

The travel times are:
* 3.5 minutes at night (20h-24h, Oh-6h);
* 4.1 minutes a day (9am to 4pm, 7pm to 8pm);
* 4.6 minutes in the evening (16h-19h);
* 5.3 minutes in the morning (7am to 9am) from Monday to Saturday;
* 3.1 minutes Sunday at night (Oh-6h, 20h-24h);

* 3.6 minutes on Sunday during the day (6h-20h).

NB: Do not forget that if you enter the time periods and a calendar for individual sections and

that there are periods of the day or days in the calendar that are not defined, the link will be

inaccessible for these periods (which would occur in the case of a closed road or street). It is

therefore important to cover the time and calendar spectrum in the description
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2. The penalties and transfers definition file

This file contains all the necessary information for the introduction of penalties and prohibitions of turning
movements and transfers.
The penalties and transfers definition file is a "Delimited Text" file with "; » as delimiter

35046;35482;3802;35047;302;1.5
28325;282064;-1;28347;-1;-1
28347;28325;-1;28442;-1;0.25
*The different fields are in order:

* nj: node number of the intersection or stop considered;

* ni: origin node number;

* line number of the incoming link (ni-> nj);

* nk: final node number;

* line number of the outgoing link (nj-> nk);

* penalty time:

* 0: no penalty;

* -1: movement or transfer prohibited;

* otherwise: value of the penalty time in minutes.

If the penalty time is relative to a transfer, ie one of the two line numbers is not "-1" the penalty time will be
used as the transfer time instead of the default transfer time set in the parameters that will be used by default for
all other network transfers

The fact of having distinct line numbers for different periods describing the travel time links sections of the
individual transport type makes it possible to describe penalties for turning movements or for different transfers
depending on the periods.
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3. The «Matrix» file

3.1.1 Standard specifications

The matrix file is a "Delimited Text" file with "; » as separator.

£ TextPad - C:\palmierire... El@lgl

Fichier Edbion Recherche  Affichage
Cudils  Macros  Corfiqueation  FenStre
Aide

D@k BSRE 4 =82

C:'palmicr reseaux’ matrice_sncf_ ™ *
i*IEiE,HEE;“I,S;dEEI;a :'
1185;1185;1,3,425;a
1185;1185;1:3;430;a
1185,1185,1,3,435 2
1185;1185;1;3;440:a
1185:11685:1,3,445: 3
1185,1185,1,3,450: 4
1185;1185;1:3,455;a
1185;1185:1,2:460:
1185;1185;1;3;465: 4
1185;1185;1;3,470;a
1185;1185,1,3:475;a
1185;1185;1;3,480;a
1185,1185;1,3,485: 3
1185;1185;1,3,490;a
1185;1185;1:3,435;a
11685,11685:1,3,500,4
1185;1185;1;3;505;a
11685:1185:1:3.510:3
1185;1185:1;3:515;4
1185;1185;1:5,520;a

4. 44N 4.7 s

£ »

Four I'asids, appuyar sur FL

The different fields in order are:

» origin node: number of the origin node: this can be any node of the network;
* destination node: destination node number: this can be any network node;

* demand: the volume of the demand that you want to assign between the origin node and the destination
node;

» day: indicates the desired day of departure or arrival. This number refers to the period defined for each
service in the "Network" file. The first day of the period is day 1. Thus, day 3 is the 3th day of the period. Be
careful the number of the day must always be strictly smaller than the number of days of the period;

« time: indicates the desired departure or arrival time in minutes. The time in a day varies between 0 and 1439
minutes. The software tolerates negative hours or more than 1439. It will increment or decrement for the
calculation of the number of days * 1440 for the time to be between 0 and 1439;
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* type of time desired:

o "d" for departure: the calculation will be done from the origin node starting at the indicated day and time
by iteratively searching for the different successors to the destination node;

o "a" for arrival: the calculation will be done from the destination node at the indicated day and time by
iteratively searching the different predecessors to the origin node.
There is no size limit for the number of rows in the matrix file.

When looking for the shortest path, a link is taken into account in the route if it allows to reach a successor
section with a cost strictly lower than the path chosen as the shortest in the current iteration . Thus, if several
itineraries are equivalent, the first found will be the one selected; the entire demand of the row of the
corresponding matrix file will be assigned to it.

3.1.2 Advanced specifications
MUSLIW offers the possibility to detail for each line of the matrix file the parameters of the calculation (in

blue) and even possibly the parameters of the algorithm and outputs (in green).

However, if the calculation parameters (blue part) can be indicated without being those of the algorithm and
outputs (green part), the reciprocal is not true. In order to be able to indicate the algorithm and output
parameters in batch mode, it is also necessary to indicate the calculation parameters.

As shown in the example below, the fineness of the setting can vary depending on the lines of the matrix file.
On the other hand, to be active, each color block must be complete.

1546;1368;1;1;420;a;0d1_420 ;1;1.5;3;5;1;2;120,0,30,2,120

1546;1368;1;1;435;a;0d1_435 ; 1;1.5;3;5;1;2;120,0;30,2,120, true;0;0;50;10000;2
1546;1368;1;1;450;a;0d1_450 ; 1;1.5;3;5;1;2;120,0;30,2,120, true;0;0;50;10000;2
1546;1368;1;1;465;a

1546;1368;1;1;480;a ;od1_480
1546;1368;1;1;495;a;0d1_495;1;1.5;3;5;1;2;120,0;30,2,120, true;1;0;50;10000;2
1546;1368;1;1;510;a;0d1_510 ;1;1.5;3;5;1;2;120,0,30,2,120
1546;1368;1;1;525;a;0d1_525 ; 1;1.5;3;5;1;2;120,0;30,2,120, true;0;0;50;10000;2
1546;1368;1;1;540;a;0d1_540 ; 1;1.5;3;5;1;2;120,0;30,2,120, true;0;0;50;10000;2

The field between the red and blue blocks is a text field to identify the row of the matrix. If this field is empty,
Musliw will take by default the line number of the file.

The usefulness of this field lies especially in the case of important matrix files for which the calculation of one
or more lines did not give the expected results. This identifier makes it possible to restart the calculation only
on Ods you need to recalculate (by the constitution of a specific file matrix) and to easily replace the results of
the first calculation by those of the new one.

Blue block in order : Green block in order :
*In vehicle weight ; *Detailed paths (true/false) ;
*Waiting weight; *Detailed travel times(0 None, 1 without tum based

links, 2 with time based links) ;

*Individual mode time weight ; *Algorithm (0 GGA with buckets, 1 Dijsktra with
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buckets) ;

*Transfer weight ; *Algorithm scale parameter ;
eIndividual mode time scale; *Max of buckets ;
*Minimum transfer time; *Algorithm power parameter.
*Maximum transfer time ; *Output filter

*Number of days.

eMaximum individual mode cumulative time

*Toll weight

*Maximum generalized cumulative time

Since the calculation weighting parameters can be differentiated according to the type of links, they can be
entered separated by a "| ". Ex 1,1,5; 3; 2; 1; 2 | 5 | 35; 0 specifies a different connection time per link type (2
minutes for type "0", 5 minutes for type "1", and 35 minutes for type "2")..
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4. Computation time optimization

To minimize the calculation time, it is necessary to sort the matrix file according to the rules below:

For calculations from a starting point, the file must be sorted by:
* Origin;
* Day;
* Hour.
For calculations from an end point, the file must be sorted by:
* Destination ;
* Day;
* Hour.

Indeed, MUSLIW calculates the shortest paths of one point to all the other points, so if the origin, the day and
the hour of departure or arrival wished are identical between two consecutive lines of the matrix file, it is not
necessary to recalculate all the shortest paths, resulting in significant computing time savings for large networks
and large matrix files.

5. Computation procedure

5.1. Basic case

The procedure is launched via the menu bar "Procedures> Time based assignment". You must then fill in the
dialog box that appears, as shown below.

'::.! P Compulation =
]
Faranveders | Log Musliw Computation
Hudha maberk Parform & caloubsion oF malfirands
skl I o
= e il g st

Hudha parsrmsters

Mlushes cenaies [optional] LN M LY, ]

Accast iz devmiced Mok bnary From Lithek : Fosigrenant remsdy e
Gzl i s
= sty | r:
& ® (L} ]
]
%ain 35 Babch Process Zun Do
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The user must enter :
* The network on which he wants to calculate the accessibility or the multimodal routes

* The matrix (origin-destination matrix, also defining the days and times of departure or arrival and the
number of passengers)

* The penalties for turning movements or connections
* Calculation parameters and result data (from a parameter file)
The parameter file can be generated in two ways:
* From the "Musliw parameters" script
* By reusing an existing parameter file or one produced by a previous calculation.

Each Musliw calculation generates a "_param.txt" file that corresponds to the parameter file used for the
calculation. You have to fill the following settings
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* In vehicle weight : weight for time based travel
times (on board the vehicle);

» Waiting weight : weight for waiting times;

* Individual mode weight: weighting for individual transport mode travel times (Walking, MAP, Bike);
* Maximum generalized time : Maximum cumulative generalized cost

* Maximum individual mode time: Maximum cumulative individual time

* Boarding weight: weight for transfer times;

* Individual mode factor speed: uniform multiplier coefficient of all individual transport travel times.
Performed once before launching all calculations. In the case where the individual transport times have been
defined from a constant speed, this coefficient makes it possible to test a different walking speed without
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having to modify the travel times in the description of the network. For example, for a network whose walking
times have been defined with a speed of 4km / h, if we want to perform calculations for people walking at
5km / h, we will take a TMAP coefficient equal to 1, 25 without having to change the travel times in the
description of the network;

* Minimum transfer delay : minimum connection time. This is the minimum time possible between arrival at
a stop and the possibility of getting into a vehicle. This time will be weighted by "COR weight" and taken into
account in the generalized time;

* Maximum transfer delay : maximum match time. This is the maximum permissible time between arrival at
a stop and the possibility of getting into the next vehicle. Beyond this value the correspondence is considered
unattractive and will not be taken into account in the search for a shorter path;

+ Extra day duration: determines the number of days during which the algorithm will search for the shortest
paths. '0" indicates that only services on the day indicated in the origin or destination concerned will be
examined. Without this possibility, the search for itineraries lasting several days or very infrequent, such as
international regular bus lines or even questions of the "accessibility by staying N days at destination" type, can
not be carried out

* Toll weight: toll weighting. This weighting may be different depending on the type of links.
* Algorithm: Graph Growth Algorithm at intervals; Dijkstra at intervals;

* Algorithm scale: 200 (see algorithm parameters);

* nb classes: 10000 (see algorithm parameters);

* Algorithm exponent: 2 (see algorithm parameters);

*  Output paths: by activating this box, MUSLIW will write, for each origin-destination, the route, that is to
say the succession of links and services with the different components of intermediate time reconstituting
the route. In case of many lines in the matrix file, this file can quickly be very huge;

e Output links times?: in case of many lines in the matrix file, the output file with the detailed time can
quickly be very large. It is therefore possible to choose the following options:

© no outpu: no output;

o without timetable links : write for each origin-destination, the travel times of all accessible individual
transport-type links, but no time based links.

o with timetable links: writing for each origin-destination the travel times of all accessible links of the
individual or time based transport type.

© compact mode: writing in the file _nceuds.txt only the fields strictly necessary to generate the
isochrones, ( 0, numero, temps, tatt1, volau), useful in particular for the gravitational calculation
which generates very voluminous files

*Output filter : This field allows you to specify the types of links that you want to include in the detailed output
file. If nothing is specified, all accessible links will be printed in the result file. This filter is cuamulative with
the detailed time option selected. To filter several types of sections it is necessary to enter a list separated by a
"|". Ex: entering "1 | 2 | 4" as a filter will lead to include only accessible sections of type 1,2 or 4 in the
detailed time output file

*Prohibited U-turns: If checked, it prohibits by default the ability to perform U-turns (same origin node and same
end node in a rotating movement or a transfer). These prohibitions will also be effective for links of transport
schedules;

*Output services : this option allows you to generate a results file giving details of the flow volumes per service,
for non-zero ones;

* Output transfers: this option makes it possible to generate a file result specifying for each turning movement or
transfer node, line by line.
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*Output nodes: This option allows to generate a results file for nodes (from the links connected to the node with
the minimum cost)

5.2. Advanced settings

The advanced settings allow you to apply weights and values depending on the type of network.

The parameters that can be set according to the type of network are:
- On-board weighting;
- Waiting time weighting ;
- Individual time weighting;
- Correspondence weighting;
- Individual time scaling factor;
- Minimum transfer time;
- Toll weighting

The parameterization is done by a key/value system per type of section, separating the different types by a "|"
and the key and the value by a ":". Thus, in the example above, "5|2:35" means that the connection time is 5
minutes by default and 35 minutes for network type "2". When there is no particular value defined for a type in
question, MUSLIW defaults to the value of the modality for which the key is absent or is equal to "0" (to be
expected).

If no type is entered, the type of all the sections is set to "0" by default.

5.3. The “results” files

MUSLIW outputs four result files that provide different information:
* time and volume by origin-destination, for those requested in the input matrix;

» all accessible links within a time limit fixed by origin or destination, for all origins and destinations of
the matrix;

* volumes by segment and line segment when these volumes are non-zero;
* the detailed paths for origin-destination requested in the input matrix.
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6. <FILENAME> OD.TXT

Ao oo s sren e crerd leanas oy tnpaz el szoar s .||l_||'gl-u|_||Ir_|1||.||_|.'.1-||_|.'.'\.-':_|:1|-|:_||||-_|I||H;| how oz b+
Tom R TN TR, R T D e D T ) S sl R Al 1 L T T L 1 G WA IL gt I.ra l'|" "Rz Céfagrie TR L
2,240, IAD 00020 246 S0 000 A% 254 25000 18 BR300 D000 dS0E S 70 0 O cRES IC0R T f .'.‘ 1,20 ASFCHS Fpi 373000
AN IR e ST WD b DL by W LT U T AR T e D AR A g |":”U-|-' L
A, 33123200 ES0 953 565000 14,02 0 C0D 14 C02 0 02 Dm0, 2000 21.002,0.333, 2a63s31115.2, .:.:l.l‘.‘l'-'! HE
£2 AT IR 0 T I TIH LR LK TS S RS 18 Ll I A T 1 ro A RS AL HE hgra 2 sk CH
B, 28EC, 1™ 0000 0T T30, 1MPC000 B2 253 B2 000 5251 ESARCID IS E03 1 S D e 32003, 2 0, 1.5 2 1 20 KaRCHE s 116 iy e M KERIHFE
STEATEET A RESSA T AN R PO Ems eSS i A A T a0 R LR
BATT 1251000434 I3 530000 42,722 1000 25,722 0 00 0L 000 :l.:ﬂ:;E:l.F] R ZA T AL 9E 5 MAATHE
GATT AT T EAN AR OO0 A FSR N R AER RS TN AT A R GA TR AFITIRRE ] AN CASRCHS fprm BE AT HF
TN 25| T2 D S G O o NG T, L R L O OO DT 2 LRI\ 10 5 E'.I 20ARCHC
AT I 07 5RE TTR ACE O AR AT 0 AR T OO A O N 00 AR SRR R 04R A AR A1 1 1 E 20, 2N AN THS
Ty LR 1T LY L D T R L T S U ML T AL DL 4253 1 A LZNCASRCI e T e e s WRETL
A0S A3 OO0 5T 3E FED 00, 3R 154, 0 000, 20 72227 432 s 000 S AE 215 1 354 30 EED 1 1 S 0 2 D MATLHE Raim AE TRASTCHE izim B TRETLHE
VTR T L R U T AT UL A oA S L S T D T e A AR L hgre 4 SFARSLT L iz 1 SFARALTL
£.183, 2901 OCD, 360538 BTE. D00, 4. 2020000, 4. II.:E.EIII]E 200003 OCE20E5, 1@ 32111 1, 524,20 MARCHE
Thrd T LR T 8 DA U Lk T S0 M Ik T M WO T ST S T Sk T A 1 AR H L ons B A=kt H
?.1:l S,18 1 CO0ACE ﬁ?ﬁ [l:-.i"B IS4 1200 B 290, 55 O3 2000 S 4 MZET. 20 0L ER0 2SR 35‘ LR 20 R ARCHE gnE €3 B ARCHE
Trnds S AT I BV AH RS B AN ] TS N D DRI EAH R 1 R "h'l AT A ki HE
"F;Ifﬂ T2 DO ST 58 90000, 00000 4 I CC00 0 OO D DT T S DM EA 1 ] .':;3;1.:|J WARCHE
TR IR TR TR R I TS OO O i onn e e s 1 Es L1 Ll IR IR ETER
21,0023 0030 730 1020 MO0, 18 002, 2.0 1 L 0 M L0 0L Y L0 9-yiE, 2ol L L2120, '-'-Rl:- 1=
TIOEAR A OON RS R, A LRl kS 'l'l"' T TN RO 1% L AR SR N AT R R 40, 1 A7 2R EF iy w Higrw 1 Bz FERARTLHF
il o e L [ - Rt i S a1 o - el N 1 o S e o B e e PR Y B i ] (el
T4 40R7 13 0 000 1035 B TIRE OO0 R 119 340002 X7 S 000 2000 4308 2R 0, .'1-'-.?1 MEE G2 I RARCAEyns B4 ARTHE
SELVEE T | U DA Ty O RS L 13 L 0 T S N ek B T D e s WAL
2183 22 00D 1220.3068, 238 000 14000 0 002,14 002 D 00T, 2 00 000 11,003 2553 12353 :"':.1 11583 0 kaRI-E
ST A I e R A DR LA A kT DA A T L S e L R T e hRARSLHE
25,183, I3 200030538 355000, 4. 00200000, 4. 202 CC00d ooan II:".H OCE2035 1M EZERT 1, 501,20 FARCHE
T T LT S T At 10 O U e 0 M IR B T M SR T DT 1 ot RS AL HE e TSR CHE
30 4TT, Z I OCIATE. S5 SO I 25 58,2 TN TS50 A S5 J 0T 2 BECS A2 1A 5T LA S 1.5 2 20 SR FE e ZAEMMAATHE
AT AR S RS R RS W T TN DT R O R T A e S AR
T A D S AL T L LM AL T L L0 OO D OO s S A MG I3RS E 1 1 S L2 D MARCHE
AR IO WLETE R OACE A RSO A AR FRR AT RS AR MR AR RTTRRA A1 5 0 TN AR =Flape FARRIIRR

'.'l;l'.l'J':H:l.l'..l;.'l.l':.‘::l.lllll:'.l.J.l.':'AJ.E;l...-‘\'J]'l..l.E.L'.l..'lJEIL'.'.l.ill.l.'.-;:I ERIAIIIELA L 17 5502 I.|'|'l RCIIC

FEIRA 200200, 20 0 M0 OO T D00 L T C 0 000 0 n0 I ICE A 0AE A EREN Y 1 2 212 0 MATTHE

S TRE s O o, ORI 1D 3 L L T s ) ekl Ty PR e
2 IokaRI=E

Lk
PR3 203 00T A0ET 306 3RS 00044 003 0 00714 0030 007, 0 o 1:n_;-'33.-3;.35~'1115
ST TLEL o I ) B L 1 LG Lk 1 AL LA O, UL 5 D sk 00 ) b S W

3477, 133007485 35 450000, 1 B4E.5.000, 230 £E8 1000 2 B 4 1431 265,502 .l::l11 15,502 e FE fare 3SR CHE

- LR e B | P o ] I - | D B S | R £ Rt e CF Bt I | Bk e OF. B S ShE P By S 1 'III_':':I'q,.-'l"l:'-'A.I-".I'Iml.-In.hJ.l-' =t

4150 I 00N AT SCE200Z5.16 (22 00,20 8713 B4 40005574 74, M IRETD ST B IO MARCHE s £ iyre TERLSCHE
Fo1 I A ST D B IR RN B D TR AT I 5 D= T R ST T AT A 0 Pk HE

AZEE0 2303 D050 30 TO5. 000, 4 D000, 4. J0E £.000 00030 D02 OO SIIASE, 00152 ] 20 RaRcHE

A0 A T RAT 1R 258 W01 S0 R N 2 56 A 58 T DR 6 IFT 80 231 5501 2 0,110 50 1 70 WAl AR e 5 P WAl -7

The results OD file is located in the directory that the user specified by clicking "OK". It is a "Delimited text"
file with ";” as separator. It contains one line per line of the "matrix" file with the following fields:

* id: sequential number corresponding to the line number of the matrix file;

* 0: origin node number of the trip;

* d: destination node number of the trip;

* jour: day of travel;

* heureo: departure time of the trip:

o if time type = "d", this is the desired start time indicated in the matrix file;

o if type of time = "a", it is the latest departure time to reach the destination before the arrival time;
* heured: arrival time: arrival time of the trip:
o if type of time = "d", it is the earliest arrival time to reach the destination starting at the departure time;
o if type of time = "a", this is the desired arrival time indicated in the matrix file;
* temps: travel time between the origin node and the destination time (minutes):
time = [arrival time] - [departure time];
* tveh: time spent into time based vehicles (minutes);

* tmap: walking or individual transport time (minutes);

* tatt: waiting time at a stop before boarding a time based vehicle (minutes);
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* tcorr: time spent in transfers, this time is equal to the number of trips made multiplied by the time of
transfers;

+ ncorr: number of boardings. This number represents the number of boardings in a transit vehicle whose
service is described by schedules;

» tatt1: waiting time before the first boarding (direction d) or waiting time between the actual arrival time and
the desired arrival time (direction a);

* cout: generalized time minimized by the search algorithm for shortest paths.

[generalized time] = [TC weight] * [vehicle time] + [ATT weight] * [wait time] + [MAP weight] * [on time] +
[number of TC trips] * [COR time];

* longueur: cumulative length;

* pole: node number of the first intermodal point (transition from the individual transport network to time
based network). If the whole route is done on the individual network, the pole has the value of the node origin
or destination according to the direction of calculation;

+ volau: volume of demand on the last link of the route;

« texte: list of public transport lines used on the route. For this feature to provide suitable or actionable
results, the names of the time based timetable links must start with an identifier (which may be of type
characters) of the line followed by a "-". It is this identifier which will be taken up in the succession of the
borrowed lines, otherwise, the identifier used will be the character string defined from the beginning of the
name of the section until the first «-».

* nbpop: number of iterations when calculating the shortest paths. This indicator makes it possible to
optimize the parameters of the algorithm for a minimum calculation time. For an equivalent destination-origin,
a smaller nbpop value indicates a more optimal computation time;

« ttoll: cumulative toll along the route.
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7.

<FILENAME> TEMPS.TXT
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This result file will only be filled in if the “Sortie temps" box has been activated. The structure of this file is
identical to that of the file origins-destinations except for the last field on borrowed lines which is absent.

The first line indicates the name of the fields.

Then, for each line of the matrix file, the file gives the set of sections of the network that are accessible with the

generalized time calculation parameters defined in the dialog box described in 4.3. This file can therefore

quickly become very large for large networks:

* id: sequential number corresponding to the row number of the matrix file;

* 0: origin node number (direction d) or destination (direction a) of movement;

* i: origin node number of the accessible section;

* j: end node number of the accessible section;

 numtrc: number identifying the section

*jour: day of travel;

* heureo: departure time of the trip:

o if time type = "d", this is the desired start time indicated in the matrix file;

o if type of time = "a", it is the latest departure time to reach the destination before the arrival time;
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* heured: arrival time of the trip:
o if type of time = "d", it is the earliest arrival time to reach the destination starting at the departure time;
o if type of time = "a", this is the desired arrival time indicated in the matrix file;

* temps: travel time between the origin node and the destination time (minutes). It is given by the formula
time = [heured] - [heureo];

* tveh: time spent on public transport (minutes);
+ tmap: walking or individual transport time (minutes);
* tatt: waiting time at a stop before boarding a public transport (minutes);

* tcorr: time spent in transfers, this time is equal to the number of trips made in TC multiplied by the time of
matches;

* ncorr: number of transfers. This number corresponds to the number of rides in a transit vehicle whose
service is described by schedules;

» tatt1: waiting time before getting on the first TC (direction d) or waiting time between the actual arrival
time and the desired arrival time (direction a);

* cost: generalized time minimized by the search algorithm for shorter paths.

[generalized time] = [TC weight] * [vehicle time] + [ATT weight] * [wait time] + [MAP weight] * [on time] +
[number of TC trips] * [COR time];

* length: cumulative length;

* pole: node number of the first intermodal point (transition from the individual transport network to the
hourly network). If the whole route is done on the individual network, the pole has the value of the node origin
or destination according to the direction of calculation;

« volau: volume of demand on the last link of the route;

« previous: Number of the previous section. This field makes it possible to reconstitute the routes by going
back successively the preceding sections

* type: link type indicator
» toll: Cumulative toll along the route

* ti: travel time between the origin node and the destination time (minutes) at the other end of the link. For
example ti temps is relating to the time at the end node of the link, ti is relating yo the time a the start node of
the link, and reciproqually.
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8. <FILENAME> AFF.txt
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The assignment results file is a "Delimited text" file with ";” as separator. It contains a record by link and line
segment and includes as fields:

* i: start node number of the section;
* j: end node number of the section;
* line :
o TC line identifier if the mode is at times;
o -1 if the mode is of the individual transport type;
* volau: volume assigned on the link;
* boai: number of boardings to the initial node;
» alij: number of alighting sat the end node;
* text: name of the section.
* type: type of section

« toll: toll of the section
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9. <FILENAME> CHEMINS.TXT

The detailed paths output file is "Delimited text" file with ";” as separator. It describes in detail the route of
each record in the "matrix" file.
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It contains a record by link and line segment describing the route and includes as fields:
* id: sequential number corresponding to the line number of the origin or OD identifier matrix file
* 0: origin node number of the trip;

* d: destination node number of the trip;
* jour: day of travel;
* heure: desired departure or arrival time;
* i: start node number of the link;
* j: end node number of the link;
* ligne: TC line identifier if the mode is at times;
o -1 if the mode is of the individual transport type;
* service:
o TC service identifier if the mode is based on timetables;

o -1 for individual transport type;

106



* temps: travel time between the origin node and the destination time (minutes):
time = [heured] - [heureo];

* heuro: time at the origin of the link if starting point or at arrival if point of arrival;

* tveh: time spent on public transport (minutes);

« tmap: walking or individual transport time (minutes);

* tatt: waiting time at a stop before boarding a public transport (minutes);

* tcorr: time spent in transfers, this time is equal to the number of trips made in public transport multiplied by
the time of matches;

« ncorr: number of transfers. This number corresponds to the number of boarding in a transit vehicle whose
service is described by schedules;

« tatt1: waiting time before getting on the first time based vehicle (direction d) or waiting time between the
actual arrival time and the desired arrival time (direction a);

» cout: generalized time minimized by the search algorithm for shortest paths.

[generalized time] = [in vehicle weight] * [in vehicle time] + [wait weight] * [wait time] + [individual modes
weight] * [individual modes time] + [number of boardings] * [transfer time];

* length: cumulative length;

* pole: node number of the first intermodal point (transition from the individual transport network to the time
based network). If the whole route is done on the individual network, the pole has the value of the node origin
or destination according to the direction of calculation;

* volau: volume of demand on the link for this specific trip;

* boai: number of boardings to the node origin of the link for the considered trip;

« alij: number of alightings at the destination node of the link for the considered trip;
« text: name of the link;

* type: type of link

» toll: detail of the cumulative toll along the way

By consulting this file and for all the lines having the same origin and destination nodes, it is possible to know
the route taken on the chosen origin-destination, to know the volumes, boarding and alighting by service and to
make detailed analyzes ( trees, paths taken, ...)
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10. <FILENAME> NOEUDS.TXT

The output file by nodes is in the directory that the user specified by clicking "OK". It is a "Delimited text" file
with ";” as separator. It contains one line per rline of the "matrix" file with fields as:

* id: sequential number corresponding to the line number of the matrix file or identifier of origin-
destination;

* 0: origin node number of the trip;
* d: destination node number of the trip;
* jour: day of travel;
* i:node identifier
* heureo: departure time of the trip:
o if time type = "d", this is the desired start time indicated in the matrix file;
o if type of time = "a", it is the latest departure time to reach the destination before the arrival time;
* heured: arrival time: arrival time of the trip:
o if type of time = "d", it is the earliest arrival time to reach the destination starting at the departure
time;
o if type of time = "a", this is the desired arrival time indicated in the matrix file;
* temps: travel time between the origin node and the destination time (minutes):
© time = [arrival time] - [departure time];
* tveh: time spent on public transport (minutes);
* tmap: walking or individual transport time (minutes);
* tatt: waiting time at a stop before boarding a public transport (minutes);

* tcorr: time spent in transfers, this time is equal to the number of boardings multiplied by the time of
transfers;

* ncorr: number of transfers. This number represents the number of boardings in a transit vehicle whose
service is described by schedules;

* tattl: waiting time before getting on the first vehicle (direction d) or waiting time between the actual
arrival time and the desired arrival time (direction a);

* cout: generalized time minimized by the search algorithm for shortest paths.

*[generalized time] = [in vehicle weight] * [in vehicle time] + [wait weight] * [wait time] + [individual modes
weight] * [individual modes time] + [number of boardings] * [transfer time];

* ¢ length: cumulative length;

* e+ pole: node number of the first intermodal point (transition from the individual transport network to the time
based network). If the whole route is done on the individual network, the pole has the value of the node
origin or destination according to the direction of calculation;

* -« ttoll: cumulative toll along the route.

11. <NOM FICHIER> LOG.TXT

MUSLIW provides a small log file that summarizes information that can be useful when you want to find the
files and parameters used or evaluate the differences in computation time corresponding to algorithm
parameters. Here is an example of log file (in french) :

Version: 1.5.1.211

Début de la procédure: vendredi 04 mars 2011 11:39:16.968

Parametres par défaut:
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Temps correspondance minimum par défaut:2
Temps correspondance maximum par défaut:120
Pondération correspondance:5

Pondération attente:1

Pondération temps a horaires: 1

Pondération temps individuel:1.5

Coefficient temps individuel:1

Temps individuel maximal:30

Pondération du péage:0

Nombre de jours:1

Interdiction demi-tours:False

Algorithme:0

Nombre d'intervalles:10000

Parametre d'échelle de I'algorithme:15
Parametre exposant de l'algorithme:2

Sortie chemins:True

Sortie temps:1

Noms fichiers sortie:C:\palmier\reseaux\tutu
Réseau:C:\palmier\reseaux\transpole2006_musliw.txt
Noeuds:32084

Liens:102580

Services horaires:359508
Matrice:C:\palmier\reseaux\matrice_dt_2.txt
Début Calcul: vendredi 04 mars 2011 11:39:23.906
Fin Calcul: vendredi 04 mars 2011 11:39:35.203
Temps Calcul:11.296875 sec

The log file summarizes:
« the version of Musliw
» the default calculation parameters (the specific parameters by origin-destination are in the result files);
« the paths of the input and output files;
» size elements of the network (nodes, links, turning movements and transfers, services);
* elements to evaluate the calculation time;
* non accessible origins and / or destinations.
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12. <FILENAME> SERVICES.TXT

The detailed services output file is a "Delimited text" file with ";” as separator. It describes in detail all the

volumes of flows and boardings-alightings per service.

i;j;ligne;service;hd;hf;regime;volau;boia;alij;texte;type
908272;688583;1026;1026;1065;1145;0000000;1.00;0.00;0.00; ZRHDUSSwiss/Crossair;2
8000082;8000085;9510136;9510136;1291;1297;0000000;1.00;0.00;0.00; D¢sseldorf Flughafen D€sseldorf Hbf;1
8000084;8003553;9510136;9510136;1359;1365;0000000;1.00;0.00;0.00; D€ren Langerwehe;1
8000085;8001584;9510136;9510136;1300;1305;0000000;1.00;0.00;0.00; D¢sseldorf Hbf D €sseldorf-Benrath;1
8000178;8000084;9510136;9510136;1348;1358,0000000;1.00;0.00;0.00; Horrem D¢ren;1
8000207;8000208;9510136;9510136;1335;1339;0000000;1.00;0.00;0.00; K€1n Hbf KIn-Ehrenfeld;1
8000208;8000178;9510136;9510136;1340;1347;0000000;1.00;0.00;0.00; KIn-Ehrenfeld Horrem;1
8000209;8003368;9510136;9510136;1322;1327;0000000;1.00;0.00;0.00; K@In-M@lheim K @ln Messe/Deutz;1
8000348;8000406;9510136;9510136;1377;1382;0000000;1.00;0.00;0.00; Stolberg(Rheinl)Hbf Aachen-Rothe Erde;1
8000406;8000001;9510136;9510136;1383;1387;0000000;1.00;0.00;0.00; Aachen-Rothe Erde Aachen Hbf;1
8001584;8006713;9510136;9510136;1306;1314;0000000;1.00;0.00;0.00; D¢sseldorf-Benrath Leverkusen Mitte;1
8001886;8000348;9510136;9510136;1373;1376;0000000;1.00;0.00;0.00; Eschweiler Hbf Stolberg(Rheinl)Hbf;1
8003368;8000207;9510136;9510136;1329;1332;0000000;1.00;0.00;0.00; K€In Messe/Deutz K €1n Hbf;1
8003553;8001886;9510136;9510136;1366;1372;0000000;1.00;0.00;0.00; Langerwehe Eschweiler Hbf;1
8006713;8000209;9510136;9510136;1315;1321;0000000;1.00;0.00;0.00; Leverkusen Mitte K @In-M @lheim;1

*i: origin node;

*j: destination node;

eligne: line number;

eservice: service number;

*hd: start time at node i;

*hf: arrival time at node j;

sregime: timetable for the circulation of the service;
evolau: volume of service flow;
*boai: number of boardings at node i;
«alij: number of alightings at node j;
texte: description of the link;

type: type of links

*Only services with non-zero flow are reported into the file.
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13. <FILENAME> TURNS.TXT

The turns output file is a "Delimited text" file with ";” as separator. It describes in detail all of the turning

movements and transfers at a junction or stop.

j;i;lignei;textei; k;lignek;textek;volau;

8000082;8000085;9510115; D€ sseldorf Hbf D sseldorf Flughafen;688583;-1; DUS - Duesseldorf Flughafen ;1;a
688583;8000082;-1; Duesseldorf Flughafen - DUS ;908272;1026;ZRHDUSSwiss/Crossair; 1;a

8000084;8003553;9510141; Langerwehe D€ren;8000178;9510136; Horrem Dren;1;a

8000207;8000208;9511313; K@ In-Ehrenfeld K€ln Hbf;8003368;9510136; K€In Messe/Deutz K€ln Hbf;1;a
8000406;8000001;9510139; Aachen Hbf Aachen-Rothe Erde;8000348;9510136; Stolberg(Rheinl)Hbf Aachen-Rothe Erde;1;a
8000085;8001584;9511014; D€ sseldorf-Benrath D€sseldorf Hbf;8000082;9510136; D€sseldorf Flughafen D €sseldorf Hbf;1;a
8000178;8000084;9510139; D¢ren Horrem;8000208;9510136; K€ In-Ehrenfeld Horrem;1;a

8003553;8001886;9510137; Eschweiler Hbf Langerwehe;8000084;9510136; D€ren Langerwehe;1;a
8001584;8006713;9510139; Leverkusen Mitte D €sseldorf-Benrath;8000085;9510136; D€ sseldorf Hbf D €sseldorf-Benrath;1;a
8003368;8000207;9212850; K€In Hbf K€ln Messe/Deutz;8000209;9510136; K@In-M @lheim K ln Messe/Deutz;1;a
8000208;8000178;9510139; Horrem K €In-Ehrenfeld;8000207;9510136; K€1n Hbf K@In-Ehrenfeld;1;a
8000209;8003368;9510137; K€In Messe/Deutz K €1n-M @lheim;8006713;9510136; Leverkusen Mitte K @In-M @lheim;1;a
8006713;8000209;9510135; K@In-M@lheim Leverkusen Mitte;8001584;9510136; D @sseldorf-Benrath Leverkusen Mitte;1;a
8000348;8000406;9510139; Aachen-Rothe Erde Stolberg(Rheinl)Hbf;8001886;9510136; Eschweiler Hbf Stolberg(Rheinl)Hbf;1;a
8001886;8000348;9510139; Stolberg(Rheinl)Hbf Eschweiler Hbf;8003553;9510136; Langerwehe Eschweiler Hbf;1;a

* j: node corresponding to a junction or a stop;

* i: origin node;

* ligne i: line number of the incoming;

* textei: label of the origin link;

¢ k: destination node number;

* lignek: line number of the destination link;

« textek: label of the destination link;

* volau: volume of the flow of turning movements or line-to-line transfers.

*Only the turning movements or line-by-line transfers volumes, whose flow volume are greater than-zero, appear in the
file.
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