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KDE

= neparametricka metoda pro odhad hustoty
pravdepodobnosti

» klouzavy vazeny prameér, jehoz kvalita zavisi predevsim na:

» Sifce vyhlazovaciho okna (nejistota vstupnich dat)
» typu jadra
» vzdy najde néjaké shluky
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KDE+

= urceni hladiny vyznamnosti pomoci metody statistického testovani Monte Carlo
» nahodné simulace jevu (DN) — stovky opakovani (>800)
» stfedni hodnota 95 percentil = hladina vyznamnosti = vyznamné shluky nad cervenou
linii
» pocita se pro kazdy usek sité zvlast’ (konstantni intenzity dopravy)

= sila shluku - kvantifikace vyznamu shluku <0, 1> — Ize srovnavat mezi sebou v ramci celé sité
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KDE+ toolbox for ArcGIS
hall B e ey T e SN E—P ] »
= pocet uzivatelu ~ 350 z 59 statu

= dprava licencni politiky
» vedecko-vyzkumné ucely (spoluprace, zahranicni projekty)
» komercni zakazky

» kdeplus.cz

% KDE+Method ~ STKDE+Method ~ Applications ~ Support FAQ  Contact  Cesky % KDE+Method ~ STKDE+Method  Applications ~ Support ~ FAQ  Contact  Cesky
Support FAQ
Home / Support Home / FAQ
New to KDE+? See please the following video where the work with this software is explained: What is the KDE+ method?

The KDE+ method performs cluster analysis of traffic crashes (or other point events) within a network (road, railway...). It extends the kernel density estimation (KDE) by statistical
significance testing and allows for the ranking of the resulting significant clusters.
KDE+ help video for KDE+ toolbox for ArcGIS:

Cluster Cluster
No records Nat statistically significant Statistically significant = HOTSPOT
A cluster is defined, in our sense, as a part of a road One, two or more records at one place, form a cluster. Each Non-random spatial concentration of records is called a hotspot
section around a local maximum of the probability density cluster is statistically tested using the KDE+. Clusters which are (a statistically significant cluster). Usually, a local factor (or a
function which was estimated by the use of the kernel not statistically significant could arise randomly. These clusters combination of several local factors) induces the existence of the
density estimation. Naturally. no records mean no clusters. are therefore outside our interest. hotspot. Therefare. the very next step in the safety assessment

process should be to study the local factors' 2.

Prioritization of hotspots and their ranking®. l —

No data, no analysis outside the scope of
3 KDE+ hotspots can be further ranked according
KDE+ ana|ySIS to their strength® or collective risk’.

Click OK to run the KDE+ analysis.

1. Bartonicka, T. Andrasik, R, Dula, M., Sedonik, J, 8il, M., 2018. 3..8il, M. Andrésik R, Janoska, Z,,2013.
ificatic ing Clusteri i hicle Collisions. ificati of i ity Estimation and
Journal of Wildiife Management 82, pp.940-947 Accident Analysis and Prevention 55,265-273.

2. 8il, M, Andrasik, R Dufa, M. Sedonik, J. 2019. 4. Favill,F, Bil, M, Sedonik, J, Andrasik R, Kasal, P, Agreiter, A, Streifeneder,T, 2018.

Journal of Environmental Management 237C, 297-304. European Journal of Wildlife Research 64:59.



Data pro KDE+

INPUT:

= Bodova vrstva (DN ...)

Pfiprava dat - nepresna data radéji nasnapovat
Filtrovat dle typu DN (datum/cas, pricina, nasledky...)

* Liniova vrstva silnicni sité (mezikrizovatkové useky)

Zachovani konstantni intenzity dopravy

OUTPUT:
= Tabulka se stanicenim bodl podél linii

* Liniova vrstva KDE+ hotspotu

430 m

675 m

1287 m
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KDE+ toolbox (ArcMap i ArcGIS Pro)

A" KDEplus 3.0

% Input point feature class

(19

=)
% Input line feature dass
| M=
MNew fizld with ID number of line features
| new_ID |
Tolerance for snapping points to line features
50 Meters ~
Bandwidth for KDE+ analysis
100 |
Number of Monte Carlo simulations
800
200 1200
Step of discretization
1]
Type of origin of point data
| XY (GPS) coordinates v |
Minimal interval of stationing (optional)
® Qutput table with stationing points along lines
| | e
% Qutput line feature class of resulted clusters
| ]
< >

Cancel Environments... << Hide Help

KDEplus 3.0

Kernel Density Estimation PLUS (KDE+) method
analyzes point features, which are located
alongline features, and finds locations (clusters)
with statistically significant concentrations of
thesepaoints. Results of KDE+ are returned as line
features.

INPUT

Tool Help




KDE+ hotspoty

= Liniova vrstva

= Atributy:

ID_clus - ID shluku

ID_line - ID Useku, na kterém se shluk nachazi

NPts_clus - pocet DN ve shluku

NPts_line - poCet DN na useku, na kterém se shluk nachazi
Clus_from /to - relativni staniceni shluku (start / end point) na Useku
Len_clus - délka shluku

Dens_Point - pocet DN ve shluku / 100 m

Strength = Sila shluku = individualni riziko

Str_Dens2 = Strength*Dens_point*2 = kolektivni riziko
- méfi kolektivni vyznam shluku — dllezité pro spravce komunikaci

KDE+ |\

L

ElD Shape * ID clus 1D line NPts clus NPts line Strength Clus from Clus to Len clus Len line Dens Point Str Densd

1151 |Palyline 2264 2841 22 b4 0.663138 1459 1702131272 243131272 1936.587911 9.04861 54295976
1152 |Palyline 3397 5209 2 2 0.663017 0 81 g1 615,909464 24659136 4.042171
1153 |Polyline 1503 1664 [ 25 0.662981 1055 1217 162 3982313179 4.320988 12,378477
1154 |Polyline 4382 7745 4 9 0,66287 127 332 205 5053.347503 1,95122 25237117
1155 |Polyline 5510 10806 3 bh 0.662847 12807 12968 161 47366.954465 1.863354 2,301462
1156 |Polyline 3815 6201 4 25 0,662746 6172148042 G368| 195.851958 14358.375925 2042359 2, 764465
1157 |Polyline 409 346 15 34 0,662466 891 1142,032168 |  251,032168 2890816466 597533 23,663073
1158 |Polyline 4514 8181 3 12 0,662458 se27 5787 160 5204,7045921 1,875 2,328956
1159 |Polyline 4835 9386 1 12 0,662448 313,744514 448 983956| 135,239442 448,983956 8,133722 43,82587
1160 |Palyline 5399 10541 ] g 0.662204 7896 901.024938| 105024938 901.024938 4 760774 15008841




kdeplus.cdvgis.cz

% KDE+ Hotspots in Bavaria byCDV-
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STKDE+ (Spatial = Temporal KDE+)

= podstata vzniku DN v mistech shluku:

nenahodné lokalni priciny (chybéjici nebo nevhodny typ osvétleni, neprehledna lokalita, Spatny povrch
komunikace, migracni koridor aj.)

nahodné globalni priciny (denni doba, pocasi)

LEGEND: e point KDE+ hotspot - KDE+ more important hotspot

» aplikace metody KDE+ (v X-letém okné)

s Y-dennim posunem | ToTTTTTTmoomToomoomToomoomoooooooooes n
|
:
= Vyvoj vzoru DN (shlukt) na asecich v ¢ase a prostoru :
» stabilni - dlouhodobé nebezpecné misto E
» vzniklé v case - zhorseni bezpecnostni situace na useku - £ !
» zaniklé v case — uspésna sanace nebezpecného mista £ :
o 3 (]
» Useky bez DN (shluk() - dlouhodobé bezpecné misto E: :
£ |
|
» kdeplus.cz/cz/stmethod N :
v .. o ., o ;5 g : - Xyearswidth :
= Pocet uzivatelu ~ 45 z 18 statu SSR Y days step :
B TTeTs :
(I) Pointlcoca:)n?along th=e Iinecsection |I_

Length of line section [m]




Time [Y]

STKDE+ (Spatial = Temporal KDE+)

= pro kazdy Usek vykreslen ¢asoprostorovy graf

= vizualni identifikace vzori DN
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STKDE+ (Spatial = Temporal KDE+)

= pro kazdy Usek vykreslen ¢asoprostorovy graf

= vizualni identifikace vzori DN

Shluk vznikl v ¢ase (2014)
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STKDE+ (Spatial = Temporal KDE+)

= pro kazdy Usek vykreslen ¢asoprostorovy graf

Time [Y]

vizualni identifikace vzord DN

2010 2012 2014 2016 2018

2008

Shluk zanikl v case

e T 1
| I
| I
| I
| I
| I
| I
| I
| I
| I
| I
| I
| I

I
I
I
I
I
I
I
I
I
I
| I

I U L
1 1
| | | T | T |
0 200 400 600 800 1000 1200

STKDE+/\
YA

iy 20102007 339,50 ,// ;
—— T e e 0 CUZEE
] = - & g



STKDE+/\
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Applied Geography @}\un

Volume 107, June 2019, Pages 82-90

A detailed spatiotemporal analysis of traffic
crash hotspots

AMERICAN JOURNAL OF

Michal Bil 2 &, Richard Andrésik, Jifi Sedonik PR I MATULOGY

CDV —Transport Research Centre, Lisenskd

RESEARCH ARTICLE

An effect of canopy bridges on monkey-vehicle collision
hotspots: Spatial and spatiotemporal analyses

Pamela M. K. Cunneyworth i« Richard Andrasik, Michal Bil

Research | Published: 03 October 2023

STKDE+ approach reveals wildlife-vehicle collision
hotspots at broken fence locations

Jiri Sedom’kg, Richard Andrasik & Michal Bil

European Journal of Wildlife Research 69, Article number: 104 (2023) ‘ Cite this article
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Data pro STKDE+

INPUT:

= Bodova vrstva (DN ...) - casova rada delsi nez zvolené X-leté okno

Pfiprava dat - nepresna data radéji nasnapovat
Filtrovat dle typu DN (datum/cas, pricina, nasledky...)

* Liniova vrstva silnicni sité (mezikrizovatkové useky)

Zachovani konstantni intenzity dopravy

OUTPUT:
= Tabulka se stanicenim bodl podél linii
= Casoprostorové grafy (pro kazdy usek!)

= Liniova vrstva STKDE+ hotspotu (Casova platnost od- do, identifikace vzoru)



STKDE+ toolbox
(ArcMap i ArcGIS Pro)

5" STKDEplus 1.1

¥ Input point feature dass N\
| > 8
“ Input line feature class o
[ > 8
New field with ID number of line features
[ new_ID 1
Tolerance for snapping points to line features :
l 50| Meters ~
Bandwidth for KDE+ analysis
[ 100 |
Number of Monte Carlo simulations
200 1200
Step of discretization
1]
Type of origin of point data
! XY (GPS) coordinates v ]
Minimal interval of stationing (optional)
» [Date field t
% Dpate from
| | =
© Date to
| | @
Width of Time window [years]
l |
Step of Time wind: ing [days]
1
Minimum of points along line section
3]
Draw only hotspots
® Output STKDE+ graph
l | &
# Qutput table with stationing points along lines it
l | &
® Output line feature class of resulted hotspots
I | &
< >

STKDE+)\
N NL
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STKDE+ hotspoty

= Liniova vrstva

= Atributy:

ID_clus - ID shluku

ID_line - ID Useku, na kterém se shluk nachazi

NPts_clus - pocet DN ve shluku

NPts_line - poCet DN na useku, na kterém se shluk nachazi
Clus_from /to - relativni staniceni shluku (start / end point) na Useku
Len_clus - délka shluku

Dens_Point - pocet DN ve shluku / 100 m
Strength (Sila shluku = individualni riziko) — maximum a datum platnosti

Str_Dens2 (kolektivni riziko) — maximum a datum platnosti

Hotspot_fr / to - ¢asova platnost hotspotu

. . . ’
Pattern - identifikovany vzor

EID Shape ID _clus ID _line NPts in NPts line Clus from Clus to Len clus Len line Hotspot fr Hotspot to Strength Str_date ColRisk CR date Hotsp days Pattern
6340 |Polyline 70569 9805 18 54 317,008823 537 219.991177| 3459,174258(05.09.2018 01.01.2023 0,78800212.04.2020 56,810212{158.09.2021 1579 | hotspot emergence
6347 |Polyline 70680 9811 13 32 693.196981 895| 201.803019| 2180,562492(31.08.2018 01.01.2023 0.73606905.07.2020 26.927564|01.01.2023 1584 |hotspot emergence
6348 | Polyline 70681 9811 2 32 2114 |  2180.562492 66.562492| 2180.562492)31.08.2018 08.04.2022 0.487608 |07.01.2020 4.472075]14.03.2021 1316 | hotspot emergence
6350 | Polyline 70718 9812 11 11 74258588 224 095138 14983655 224 095136 |04.08.2018 01.01.2023 0.47074813.11.2020 23,900519|01.01.2023 1611 |hotspot emergence
6352 | Polyline 70733 9815 25 63| 1220,963159| 1444 754186| 223,791027| 1523,392269|08.09.2018 01.01.2023 0,70786928.06.2020 71,215167 |14.07.2022 1576 | hotspot emergence
6354 | Polyline 70788 9816 15 20 219.516334 432217791 212701457 653.869027|07.09.2018 01.01.2023 0.59380808.06.2020 23.9687147|256.08.2022 1577 |hotspot emergence
6359 | Polyline 70824 9826 9 18 41.07351 260,386014 | 219.312504| 1482.664081)07.09.2018 01.01.2023 0.627717|16.06.2021 9,167638 |16.06.2021 1577 |hotspot emergence
6537 | Polyline 72122 10060 8 9 898 1068 170| 1452878914 |14.04.2016 01.01.2023 0,699258 |12.09.2021 9.17518308.11.2020 2453 |hotspot emergence
6538 | Polyline 72133 10069 20 42 1605 1803 198|  2223.441724|04.03.2015 01.01.2023 0.74182301.01.2023 48.945771/19.01.2020 2860 |hotspot stability

6539 | Polyline 72134 10069 11 42 517 735 218| 2223 441724 |15.04.2015 01.01.2023 0.55165|27.01.2016 13.41475120.12.2019 2818 |hotspot stability

6752 |Polyline 73780 10466 T 28 604 806,217402| 202.217402| 5449.826376/12.12.2018 01.01.2023 0,79837520.05.2020 8.536698 |20.02.2022 1481 |hotspot emergence
6991 | Polyline 75398 10893 4 7 555 629,585914 74,585914 629,585914 |27.11.2018 01.01.2023 0,58009201.01.2023 16,684118(01.01.2023 1496 | hotspot emergence
7228 |Polyline 77040 11388 10 11 89 240 1581 679.142046|01.01.2019 01.01.2023 0.58078521.07.2020 25,335098|01.01.2023 1461 |hotspot emergence
T230|Polyline 77053 11395 9 17 5315| 5610.565371| 295565371 5610,565371|05.12.2018 01.01.2023 0,79011606.02.2020 7.345947113.06.2022 1488 | hotspot emergence
7406 |Polyline 78570 11630 9 9 439 794 355|  1094,530834|02.12.2018 01.01.2023 0.49999/01.01.2019 6.44855901.01.2023 1491 |hotspot emergence
7473 |Polyline 79025 11821 12 12 0 81.516903 81.516903 181.082498|07.10.2018 01.01.2023 0.44474429.01.2020 88.404621|01.01.2023 1547 | hotspot emergence
7474 |Polyline 79034 11822 3 6 ] 141163764 |  141.163764 254 49522505.10.2018 21.02.2019 0.43341811.12.2018 4,36802811.12.2018 139 |hotspot emergence
7478 |Polyline 79055 11825 9 9 0 65.964047 65,964047 161.402751(15.09.2018 01.01.2023 0.36514 |01.01.2023 67.971983|01.01.2023 1569 |hotspot emergence




{ ROCA

ROad Curvature Analyst

= automaticka identifikace obloukt (kruhovych krivek) a pfimych usekt (tangent)

= technika strojového uceni - Naivni Bayesovsky klasifikator

uceni s ucitelem — nutné si predpfipravit trénovaci sadu (¢ast dat, kterd odlisSuje oblouky od pfimych useka)

» roca.cdvinfo.cz pocet uzivatel( ~ 130 z 38 statu

o,tuzK @CUzZK




{ ROCA

Naivni Bayesovsky klasifikator

= Ztrénovaci sady klasifikovanych vertexu Uhel mezi 3 po sobé

> vypocet 6 vysvétlujicich proménnych idoucimi body Kumulativni thel ve 3 (5) po sobé jdoucich bodech
id X y class
1 -540378.94 -1105517.38 0
1 -540364.63 -1105520.88 )
1 -540349.38 -1105525.13 1
1 -540340.38 -1105531.88 1
% -540336.06 -1105541.88 1
1 -540334.63 -1105554.25 1
1 -540334.19 -1105567.13 1
1 -540336.06 -1105581.88 1
1 -540339.38 -1105595.63 1
1 -540345.63 -1105610.38 )
2 PARies Aishios 4 Polomér kruznice opsané 3 Polomér oskulaéni
1 -540355.13 -1105638.00 1 . o . .
i e — R —. i sousedicim bodum kruznice
1 -540354.19 -1105667.63 1
1 -540351.31 -1105687.63 1
1 -540345.63 -1105711.38 1
1 -540338.00 -1105732.38 |
2 -548149.00 -1114621.25 )
2 -548197.63 -1114580.75 )
2 -548253.25 -1114533.63 )
2 -548305.94 -1114489.38 0
2 -548337.06 -1114461.13 1
2 -548366.94 -1114427.75 0
2 -548393.88 -1114392.63 )
2 -548443.75 -1114333.50 1




road geometry (curve = 1, tangent = 0)
with their spatial coordinates

text file with training line vertices as predefined z R 0 c A

and Turns calculation

Douglas-Peucker User-defined value for simplification of lines.
- It removes redundant vertices.
algonthm (Default 0.1 meter)
» Osculating circle radius
» Radius of a circumscribed circle
Curvature, Smu05|ty planatory variables » Angle between three consecutive points Tolerance of Douglas-Peucker
calculation for vertices » Cumulative angle at three and five points generalization algorithm
» Distances between the consecutive points in order 1
GENERALIZED DATA \ WITH KNOWN CHARACTERISTICS WITH
6 ‘. ? 2 TOLERANCE
B T r———r | R e———() ]
BAYES . J LEARNING
CLASSIFIER r 5] ALGORITHM b
‘ 2 WITHOUT

8
2 4 s_% TOLERANCE

» ldentification of composite curves

& h : » Identification of curves with inflection points 4
Least squares '8 » Circular curve with radius greater than user-defined
meth Od L o : \ value (default 2000 m) is considered as a tangent

» Two consecutive curves with similar radii interrupted by
tangent with only one vertex are connected

compute the radius v
for each circular curve l

Creating
ROCA geometries

output curve or tangent geometries with attributes:
» ID of line
» type of ROCA geometry (0 - tangent, 1 - curve)
» radius of circular curve
» X, Y of the center of circular curve
» azimuth of tangent
» length of ROCA geometry



5’ ROCA analysis

© Input line feature class

© Input training data file

w1 (ROCA

ROCA (Road Curvature Analyst) is a tool for automatic identification

| <
0

[

of road geometry from digital vector data. The method is capable of

Name of new ID field

J & efficiently identifying circular curves with their radii and tangents
(straight sections), which are the results of ROCA as line features.

I new_ID

| You can also calculate curvature attributes (Average Deflection Angle,

Maximal radius of curve [m]

Detour ratio and the Number of turns) for each input line features as

new attributes.

Minimal feasible radius of curve [m]

This software utilizes a method published previously (Andrasik, R.; Bil,

M., 2016. Efficient Road Geometry Identification from Digital Vector

Tolerance of line generalization [m]

Data. Journal of Geographical Systems 18(3), 249-264. DOI

o| 10.1007/510109-016-0230-1). We recommend ROCA users read this

Calculate curvature attributes of the input line feature class

© Output line feature class of resulted ROCA geometries |

article for additional information and the theoretical background.

ROCA analysis n

‘ Completed

<< Details
oK Cancel ] []close this dialog when completed successfully
1 Running script ROCA... A
Starting...

"

ROCA toolbox

(ArcMap i ArcGIS Pro)

Creating a new field new_ID

Creating variables and begin to test input data

Testing the input line features geometry

Number of analyzed input polylines is 745 with length: 299.904 km.

Number of resulted ROCA straight sections (tangents) is 1004 with length: 61.51 km.

Number of resulted ROCA curve sections is 2741 with length: 238.394 km.

WARNING!

The output feature class contains curves with radius lower than the user-defined value of Minimal feasible radius of curve.
Please, check the input feature class geometry of that curves!

Number of resulted ROCA curve sections under Minimal feasible radius of curve equal to 20 is 283 with length: 11.608 km.
ROCA analysis DONE! v




ROCA geometrie

{ ROCA

FID Shape * radius X center Y center G type Azimuth Lenath
. s 2497 [Polyline 0 0 0[0 30,347697 33,394367
= Liniova vrstva 2498 |Polyline 247 52168| 658449 787536 _ -1091443.69895 1 0| 288.418321
2499 [Polyline 0 0 0[o 75956211 182,80042
. . 2500 |Polyline 674.336583| 658469387127  -1090500,04564 1 0| 310218328

]

At”bUty- 2501 |Palyline 34.900661| 658015331248  -1091045.84077 |1 0 16,055073
2502 |Polyline 42.310593 660304.4058 10872807295 1 0 81.7562
2503 |Polyline 0 0 0[o 246 873634|  632.863126
radius - polomér oblouku 2504 [Polyline 645145039 660744672844  -1038202.96528 1 0| 337.001338
polomer b .. 2505 |Polyline 0 0 0[0 218.016122| 292 898084
X /Y_center - souradnice stredu kruznice 2506 |Palyline 209.900787|  -661557.261472|  -1087906.24474 1 0] 326,545951
) . 2507 |Polyline 197.270554]  -661597.133155| _ -1088309.271061 0 62,72169
G_type typ RPCA geometrie 2508 |Polyline 0 0 0lo 252 018579 95141163
(O-pfimka, 1-oblouk) 2509 |Polyline 123.315648| 661796095949  -1088037.14993 1 0 86.284703
. . T 2510 |Polyline 110,696843|  -661877.033284| _ -1088257.76738 1 0 44 650512
Azimuth - azimut primého useku 2511 |Polyline £19.040158| 660650413817 -1087610.62937 |1 0 111.003067
Length - délka ROCA geometrie 2512 |Polyline 782283554 659386784723 -1036556.42402 1 0 261,91097
2513 |Polyline 963203056 661266965079  -1087628,57314 1 0| 283.072164
2514 |Polyline 70.619654|  -660688.057307|  -1086780.10521 1 0 41.284184
2515 |Polyline 233.485505|  -560979.790647| 1086840142411 0] 152855264
2516 Polyline 0 0 0[o 315 766624 49 546104

Vstupni datova sada useku sité

= Dopocet novych atributti krivolakosti Gsekt

= Atributy:

ADA
DR - krivolakost useku (Detour Ratio)
Turns - pocet zatacek na useku

Calculate curvature attributes ofthe input line feature class

ADA DR Turns
92936279 1.062322 33
48 329372 1.006615 11
41748728 1.01427% 11

- primeérny Uhel zmény sméru (Average Deflection Angle)
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{ ROCA

i/

roca.cdvgis.cz/czechia

ROCA ROCA segments of Czech road network by CDV - Transport Research Centre roca.cdvinfo.cz  gis.cdvinfo.cz
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Dékuji Vam za pozornost.
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