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Eesmark

TOO eesmargiks on klassifitseerida Tartu linna peamised jalgrajéajalgteed
kasutustiheduse jargi. TO0 tulemust kasutatakse andmepdhiste otsuste tegemiseks
kahes peamises kasutusjuhus:

6 jalgratta-ja jalgteede sulgemine, mille puhul tehtavad otsused on Uhelt poolt
seotud optimaalseima tehnilise lahenduse valikuga sulgemiskohtadesse, teisalt
optimaalseima maksustamisega

jalgratta- ja jalgteede talihoolduse planeerimine ja korraldamine vastavalt
teelGikude prioriteetsusele
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Methodology - process flow
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Input data sources and
preparation

Initial evaluation of input data sources and
usability (modsplit, counter data, OSM POI
data, geohub data, Tartu bus stop usage
data)

Preparation of input data sources from
various public sources

Cleaningand preparation of reference and
input data

Cleaning and preparation ofalidation data

Simulation methodology

Using the prepared data to defin®D
movement pairs of individuals in Tartu
for a given period.

Preparing aGraphHopper server with
required configuration that can be used to

to generate a path for bike and pedestrian_>

movement for each generated OD pair.

Defining an approach on how taveigh
different start and end point types (shop,
school, apartment, etc) differently as to
mimic actual human mobility in Tartu

Aggregation of GH estimated results on
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Evaluation methodology

Defining theprobability calculation based
on counter data comparison

Assess the effect afeights on the final class|
distribution
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¥
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Counter data

Individual
trajectaries with
way 105

Aggregation of results by
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Manual correction

Geometric mean
calculation for selected
season

Value intervals for
determining road
class
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Joining counter
geometric mean values
to road segments that
are closest to counters

~
{ Caleulating confidence \

score of estimated
bike/pedestrain/total
count for all roads that
have counters.

Evaluating by total
difference + confidence

Adding road class label

Road level counts
by travel mode,

season and road
class label




P positium

Methodology - Input data sources

The input data used reflects the district wise traffic in Tartu. This is then the basis for
estimation on road segment level.

Modsplit data (origindestination matrices for all districts in Tartu)
Tartu Geohub pedestrian and bicycle roads map layer

Tartu Geohub building type layer (apartment, private houses)
Bus stop statistics

OSM POl datasets for schools, shops, all buildings

Counter data

SN
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Methodology - data preparation 1/3

Period definition: a single period of the three is selected.

n  Summer: (july-august)
n  Winter: (novembermarch)
n School (april-may, septemberoctober)

Modsplit data from2023-09-01 to 2024-08-31is downloaded and filtered for the
months selection and corrected for outliers.

n For pedestrians choose only dates, where all hours of the day had at least one
record. (At least one noszero value per hour in OD matrices).
n For cyclists choose only dates where at least one hour of the day had data.
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Methodology - data preparation 2/3

Daily average ODs are calculated from modsplit datdor a given season

For each season: divide the sum of counts with the number of valid days to get the average daily count for this
season.

Three values are extracted for all district combinations from modsplit data:

daily average count of pedestrians,
daily average count of bikers and
the 'sum of the two.

These values include the matrix value fiomer district movements , i.e. the daily average of pedestrians and
bikers in a district for the given season.

O« O« O«

For validation,counter data from 2023 is selected for the given period and manually corrected for visible
outliers (2023 counter data was preferred because of completeness of the datasef).

Geometric meansof the counters for bike and pedestrian are calculated for all counters (some counters are
pedestrian counters only).
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Methodology - data preparation 3/3

POI data is created for different sources:

6 Forschools, shopsandrandom locations we use OSM with the following tags:
2 School: {"amenity' : ['college’, 'kindergarten’, ‘library’, 'school’, ‘'university’,
‘dancing_school’, 'driving_school’, ‘training']}
3 Shops: {shop': True}
3 Random: {'building' : True} o
For buses, we use the bus Stop statistics.
These have the information about location and how many people used the bus stop
er 2023 year (validation datag. _ B o
3 For each district, the probability of using a specific bus station is also calculated,
which is later used in OD creation. For example, if a district has two bus stops A and B.
If A has 10 times more users than B, then it is 10 times more likely to get bus stop A
when generating OD pairs for bus stops in a certain districts.
For apartments and private houses, we use data from Maaet. _
adastral Units Select only ones, with ELAMUMAA in either sihtl, siht2 or siht3.
Land Use (IT/YP2040_Maakasutus_ja_Ehitus_avaandmed (FeatureServer)) Choose EV
- vaikeelamu maaala and Ek korteréelamu maaala
3 By joining the two data sets we can find private houses and apartments.
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https://geoportaal.maaamet.ee/est/Ruumiandmed/Maakatastri-andmed/Katastriuksuste-allalaadimine-p592.html
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Methodology - simulation 1/3

Simulation methodology process is as follows:

1. Daily average O3 from modsplit from ||oreparat|on stage areread in.

2. A weights dictionary is defined that will be the basis for generating individual user
trajectories on the point level. Weights are integer values that are then used to
calculate probabilities. An example of weights Is:

‘private_house': 4,

‘apartment’: 20,

'‘bus_stop': 15,

'school'": 1,

'shop' : 10

'random": 20

Pedestrian and bike weights are the same in all categories, with the difference that for

bike movement weights, bus stop weight is always zero.

Weights are then aggregated (summed) and divided by the total to get the
corresponding ratios.

1. POI data for school and shop is read in. Bus stop, apartment and private house POI
data is read in

ANANANANANAN
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Methodology - simulation 2/3

4. Creation of as many orighdestination point pairs, as given in modsplit matrix values
for all districts. The process is as follows:

For each combination of an origin and destination district, the values from
modsplit matrix are taken to retlect the number of individual who moved from
one district to the other. This value becomes the total amount of OD points that
are generated for that district pair.

The total value is then multiplied by all of the individual category ratio values, to

%et the number of points Rlenerated for each POI category. For instance with the
=A? @L K : GN= L@= J9LAG >GJ K; @GGD A|

assume that the number of pedestrians moving from Vaksali to Kesklinn from

modsplit data is 1000, then the amount of people that will obtain an origin or a

destination point in a school building, is 1000*0.0143 = ~14. The selection

between individual POls within a category is equal &no sho?, school, bus stop,

apartment or private house are given a higher weight over the other).

The starting point and ending point may be of different categories, for example
}Jhelds_lmulated trajectory of a person may be from a shop to an apartment
uilding.
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Methodology - simulation 3/3

5. The origin destination point pairs are sent to the GraphHopper server, which will
return a trajectory with way IDs for each pair. The GH server includes custom
movement profiles for foot and bike movement, which include road class priority
over specific areas in Tartu, such as Veeriku and near UT Sports Centre. Common
practice tells us that people in these locations do not prefer the road that GH
suggests, as for instance the pathway next to the river is often preferred for its
natural environment over driving near the streets, even though distance based
routing may not suggest it.

5. Movement counts by mode (pedestrian, bike) are aggregated for all way IDs and
by all seasons.
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Methodology - evaluation methodology 1/3

The need and purpose of an evaluation methodology is explained as follows:

~

6 A comparison with a ground truth data source is required, to determine if

providing road level predictions based on district level aggregates will not cause:
3 High traffic in unusual roads and locations, that do not seem reasonable from the
erspective of someone who moves around Tartu daily _
3 eaks and lows that might effectively be noise from the modsplit data
Unusual path selection

Since the ground truth counter data is on an hourly level and contains time series
inertia, noise and discrepancies, the aggregation method of the time series
should be robust to outliers. _ S

Evaluation should consider inherent noise and fluctuations in the counter data.
Graphhopper routing does not reflect more naturally appealing pathways in a
city. The fastest route is not always the preferred route, so evaluation of the GH
route selection process is also required.

O«

O« O«
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Methodology - evaluation methodology 2/3

Evaluation methodology is the following:

Counter data for 2023 is read in for selected season periods.

Counter data is aggregated to time granularity of one day.

Manual outlier removal is done for 3 counters and a few data points that clearly indicate an issue
with the counter (values are 300 times larger than normally, etc)

Geometric means of the daily time series are calculated for all periods and for all counters.

For each counter location, estimated simulation values from the closest road segment are taken
for comparison.

ok wWbhE
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Methodology - evaluation methodology 3/3

6. A probability score is calculated for each counter and season combination. This score will reflect
the quality of the counter value, given the variation in the daily time series of the counter.

A simple difference calculation with the mean of the counter value at a given road does not reflect
the uncertainty or variability of the counter value. A more statistically robust comparison would

be to include some standard deviation information about the counter data in the comparison, i.e.
if a counter is fluctuating within 0 and 5000 with an interval of 2 days, the mean 2500 should be
used in a comparison more carefully or with less weight (when compared to other counters). This
idea is the basis for coming up with a probability score value.

6. Values and probability scores are compared visually on the graph with the dotted line.

7. Classes of roads are calculated given different weight values and the results are visualized to see
how the classes of roads change when weights change.

8. The process is iterated until the probability scores and values comparison is satisfactory and class
variability over seasonal weights is not showing dramatic differences.
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Methodology - evaluation illustration 1/4

Test illustration: green line is mean from counter data, blue is mean from GH, black line is

Pro bablhty score iIIustration. The probability density (simulated) based on mean and std from counter data.

score reflects how probable it is that ooy
the counter data takes this value, give
that it is distributed with the standard
deviation reflected in its daily counts.
For a counter that has high variability
in daily counts, achieving a high
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Methodology - evaluation illustration 2/4

Absolute differences and probability scores for 3 seasons and 3 distinct weight combinations. Size of the
shape indicates probability value.
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Methodology - evaluation illustration 3/4

Classes of roads are calculated given different weight values and the results are visualized to see how
the classes of roads chanae when weiahts chanaoe.

Road class comparison with different weights. Each point represents a road.
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Methodology - evaluation illustration 4/4

Logarithmically defined road class for road given 3 different weight parameter sets (with names

randombus, flat, schoollike). Each point is a road class. If weights were to have no affect on the road
clase 2ll nninte winiild ha nn tha diannnal Rinnact diffaranca in rlaccifiratinn nrcinire g3t classes 0 and 1.

Road class ison with Ik weights. Each point represents a road.
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Methodology - road class assignation

1. Getthe road level counts from simulation about the total traffic (pedestrian + bike)
2. Create logarithmic bins (L0, 16100, 10610000, 10000 >).
3. Label roads by bins

This approach has the advantage that:

N  Logarithmic bins are more explainable than natural breaks
N There is a unified method for all seasons

The final output of the project is a dataset, with the following attributes:

N road id
N season (winter, summer, school)
N road class
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TOO0 tulemuse perioodid ja klassid

"=>AF==JALM< GF CGDE a@GG9=?9A LMD=F=N9
kasutusjuhtudest:

1 suvi (juuntaugust),
n talv (novembermarts),
1 lumeta kooliaeg (apritmai, septemberoktoober).

Jalgratta- ja jalgteede I6igud jagatakse vastavalt kasutustihedusele 4 klassi:

n 0 klass- 0-10 liikujat

n 1 klass- 10-100 liikujat

n 2 klass- 100-1000 liikujat
n 3 klass- 1000+ liikujat



ECO Counter (Anne_jalakaijad keskiinna suunas)
ECO Counter (Rila - Raudiee) PedestrianOut.counter
ECO Counter (Rila - Raudtee) BicycleOut counter
ECO Counter (Riia - Raudtee) Pedestrianin.counter
ECO Counter (Rila-Lembitu) BicycleOut counter

Simulation value

500 -

ECO Counter (Riia-Lembitu) Pedestrianin.counter
ECO Counter (Riia-Lembitu) PedestrianOut counter

KL_Anne Kiir 1_jalakaijad_keskiinna suunast_EcoCounter  «
KL_Anne kiir 1_jalgratturid_kesklinna suunast_EcoCounter. «

KL_Kroonuaia_jalakaijad_EcoCounter.

winter
winter_fine_tuned

' | 0

1500

Geometric mean from counter data

KL_Moisavahe 1_jalakaijad_kesklinna suunas_EcoCounter.
KL_Mdisavahe 1_jalakaijad_kesklinna suunast_EcoCounter
KL_MS 1_jaig ) suunast_EcoCounter
KL_Mdisavahe 2_jalakaijad_kesklinna suunas_EcoCounter.
KL_MO 2 suunast_EcoCounter,

type

Bicycle

KL_Modisavahe 2_jaigratiunid_keskiinna suunast_EcoCounter.

KL_Naituse_jalakaijad_EcoCounter.
KL_Raudtee-Kabeli_jalakajad_EcoCounter.
KL_Turu sild_jalakaijad_in_EcoCounter.
KL_Turu sild_jalakaijad_out_EcoCounter.
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& Pedestrian ¢ Total

o KL_Turu sild_jaigratturid_out_EcoCounter.
« KL _Vaike kaar_jalakajad_EcoCounter.

prob « 000 @ 025 @
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ECO Counter (Anne_jalakaijad keskiinna suunas) ECO Counter (Riia-Lembitu) Pedestrianin.counter KL_Moisavahe 1_jalakaijad_kesklinna suunas_EcoCounter. » KL_Moisavahe 2_jaigrattund_kesklinna suunast_EcoCounter. , KL_Turu sild_jalgratturid_out_EcoCounter.
ECO Counter (Riia - Raudtee) PedestrianOut.counter ECO Counter (Riia-Lembitu) PedestrianOut counter KL_Mdisavahe 1_jalakaijad_kesklinna suunast_EcoCounter » KL_Naituse_jalakaijad_EcoCounter. « KL _Vaike kaar_jalakajad_EcoCounter.
ECO Counter (Rila - Raudtee) BicycleOut counter . KL_Anne kiir 1_jalakaijad_keskiinna suunast_EcoCounter  « KL_Mo 1_jalg ) suunast_EcoCounter. « KL_Raudtee-Kabeli_jalakaijad_EcoCounter.
ECO Counter (Riia - Raudtee) Pedestrianin.counter + KL_Anne kiir 1_jalgratturid_kesklinna suunast_EcoCounter. « KL_Modisavahe 2_jalakaijad_kesklinna suunas_EcoCounter. » KL _Turu sild_jalakaijad_in_EcoCounter. prob 000 @ 025 @
. A 2
ECO Counter (Rila-Lembitu) BicycleOut counter + KL_Kroonuaia_jalakajad_EcoCounter. o KL_MO 2§ jad_| suunast_EcoCounter.  » KL_Turu sild_jalakaijad_out_EcoCounter.




ECO Counter (Anne_jalakaijad keskiinna suunas)
ECO Counter (Rila - Raudiee) PedestrianOut.counter
ECO Counter (Rila - Raudtee) BicycleOut counter
ECO Counter (Riia - Raudtee) Pedestrianin.counter
ECO Counter (Rila-Lembitu) BicycleOut counter

Simulation value

ECO Counter (Riia-Lembitu) Pedestrianin.counter

ECO Counter (Riia-Lembitu) PedestrianOut counter
KL_Anne kiir 1_jalakaijad_kesklinna suunast_EcoCounter
KL_Anne Kiir 1_jalgratturid_kesklinna suunast_EcoCounter.
KL_Kroonuaia_jalakaijad_EcoCounter.

summer
summer_fine_tuned

Geometric mean from counter data

KL_Moisavahe 1_jalakaijad_kesklinna suunas_EcoCounter.
KL_Modisavahe 1_jalakaijad_kesklinna suunast_EcoCounter
o KL_MO 1_jalg ) suunast_EcoCounter

« KL_Mdisavahe 2_jalakaijad_kesklinna suunas_EcoCounter.
o KL_MO 2 suunast_EcoCounter,
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type e Bicycle 4 Pedestrian e Tolal

KL_Modisavahe 2_jaigrattund_keskiinna suunast_EcoCounter. , KL_Turu sild_jaigratturid_out_EcoCounter.
KL_Naituse_jalakaijad_EcoCounter. « KL _Vaike kaar_jalakajad_EcoCounter.
KL_Raudtee-Kabeli_jalakajad_EcoCounter.
KL_Turu sild_jalakaijad_in_EcoCounter.
KL_Turu sild_jalakaijad_out_EcoCounter.

prob « 000 @ 025 @
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