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Uvod

Pro fizeni a plinovani dopravy ve mésté 21. stoleti je nezbytna znalost chovani G¢astnikd dopravy.
Tuto znalost 1ze ziskat pouze systematickym méfenim a zjiStovani prostorovych, ¢asovych a dalsich
aspektt cestovani. Konference Dopravni chovani v datech (Brno, 31. fijna 2018) si klade za cil ote-
viit mezioborovou diskuzi ohledné dat o dopravnim chovéni, zptsobu jejich sbéru, analyze a vyuZziti
pfi fizeni a planovani dopravy. Konference je ur¢ena odbornikim a specialistim dopravnich tfadd,
spravcim dopravni infrastruktury, koordinatoram dopravni obsluznosti, osobnim dopravcim, uni-
verzitam, nezavislym organizacim, zajmovym sdruzenim a soukromym konzultacnim firmam v oblasti
dopravniho planovani a fizeni dopravy.

Sbornik, ktery pravé Ctete, obsahuje rozsifené abstrakty vSech pfispévka, které na konferenci zazni.
V prvni ¢asti jsou uvedeny abstrakty v Ceském, v druhé ¢asti v anglickém jazyce, s cilem zpfistupnit
obsah konference i mezindrodnimu publiku.

Prvni Sestice abstraktd je zaméfena sbér a vyuZiti dat z dopravnich prizkumi. Nejdfive se prispévky
soustfedi na samotné metody méfeni a sbér. Pfedstavi prehled vyvoje metod méreni intenzit dopravy
(Neuwirth a kol.), pravidelna s¢itani cyklisti v Ostravé (Krej¢i) a pfiklad méfeni intenzit dopravy po-
moci kamerovych systém (Stofan). Po metodach nasleduji priklady aplikace dat. Texty se dotykaji ino-
vativnich metod prezentace dat o intenzitach dopravy (Martolos a kol.), pravdépodobnostniho pohledu
na problematiku kapacity komunikace (Mikolasek) a dat pro aktualizaci makroskopického dopravniho

vrv

modelu Prahy (Ktiz).

Priizkumiim dopravniho chovani je vénovano zbylych sedm abstrakt( sborniku, a to opét jak metod-
ologickym aspektiim sbéru, tak vyuZziti ziskanych dat. Pfispévky se zaméfujina ptiklad konstrukce
reprezentativniho vybérového souboru (Gabrhel a kol.), na vysledky prizkumu dopravniho chovani
v malych slovenskych méstech (Gogola) ¢i na moznosti vyuZziti zbytkovych dat GSM operatort pti zk-
oumani dopravniho chovani (Barta). Sbornik uzavirajitexty o metodach méteni a odhadech hodnoty
¢asu pro CR (Mdca a kol.), proménnych ovliviiujicich planovani trasy (Vicha a kol.), obsazenosti au-
tomobildi pfi dojizdce za praci (Sindelf) a o hled4ni optimalni polohy stanic a zastavek na tratich re-
gionalniho vyznamu (Novotny).

Inspirativni Cteni preje,

Petr Kouril
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Vyvoj sbéru intenzit dopravy

Ing. Petr Neuwirth* (Centrum dopravniho vyzkumu, v. v.1i.)
Ing. Jan Novak, Ph.D. (Centrum dopravniho vyzkumu, v. v. i.)
Ing. Adam Bystriansky (Centrum dopravniho vyzkumu, v. v.1i.)
Ing. Radim Striegler (Centrum dopravniho vyzkumu, v. v.i.)
Roman Borek (Centrum dopravniho vyzkumu, v. v.1i.)

Petr Becica (Centrum dopravniho vyzkumu, v. v. i.)
*petr.neuwirth@cdv.cz

Klicova slova
Dopravni prizkum, manuélni prazkum, technické prostiedky

Uvod

Pfispévek pojedndva o vyvoji ziskdvani dopravnich dat od manuélnich dopravnich prizkuma
po pruzkumy provadéné pomoci technickych prostfedki. Nasim cilem je poskytnout ¢tenafi pre-
hled o vyvoji pouzivanych metod a technologickych prostfedki. V soucasnosti se pro prizkumy stéle
vyuZziva papirovy formular, nebo manualni zadavani pomoci mobilni aplikace. Dle typu dopravnich
pruzkumi se vyuziva rozdilnd metodologie a technologie. Mezi nejcastéjsi dopravni priazkumy patfi
profilové pruzkumy pro zjiSténi intenzit dopravy na urcitém profilu komunikace s rozliSenim vozidel
na kategorie a smér pohybu. Dile jsou to pak smérové pruzkumy, a to jak kfizovatkové, kde je cilem
zjistit intenzity vozidel v jednotlivych smérech (vCetné kategorie), tak oblastni, kde je cilem zjisténi
smérovani dopravy v ramci vétsiho izemniho celku (zdrojova vs. tranzitni doprava). Déle se realizuji
i plo$né dopravni prazkumy, které identifikuji statickou dopravu.

Metody a pouzita data

Profilové priizkumy

Nejjednodussi a asto pouzivanou manualni metodou byl a stile je zapis do pripraveného papirového
formulate, ve kterém lze rozliSovat jednotlivé kategorie vozidel, smér vozidla, pfipadné jizdni
pruh a také pfedem zvolené Casové intervaly (napf. 15 nebo 60 minut). Mezistupném mezi manual-
ni a technickou metodou je vyuziti mobilni aplikace. Mezi technické metody zarfadime vyuziti ASD
(automaticky scita¢ dopravy) urceného pro sledovani jedno az dvoupruhové komunikace, pripadné
mikrovinny radar, ktery je urCen pro sledovani intenzit na vicepruhovych komunikacich.

Smeérové priizkumy k¥iZovatkové

Manuélni metodou je papirovy formulaf a zaznamenavani pouze vybranych smért s vyuzitim vice
lidi pro jednotlivé sméry, pripadné vyuZiti videozabéru (ovlivnénou dopravnim zatiZenim). Tech-
nicka metoda predstavuje kamerovy monitorovaci systém umistény ve vySce nad komunikaci a post-
analyzou videozaznamu.

Smeérové priizkumy oblastni
Manualni metodou je ru¢ni zaznam registracni znacka (dale jen RZ) vozidla a ¢asového interva-
lu na sledovanych profilech, pfipadné prepis RZ z videozaznamu (nebo i audiozaznamu). Technicka
metoda predstavuje automatickou analyzu videozaznamu s rozpoznanim RZ a to bud v post-analyze,
nebo on-line v redlném cCase.

*2)
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Plosné priizkumy parkovani
Manualni metoda predstavuje ru¢ni zapis RZ na papir, technicka metoda predstavuje kamerovy sys-
tém na vozidle, ktery rozpoznava v realném case RZ vozidla ve vztahu k jejich pozici.

Vysledky

Manudalni metody prizkumu vyZaduji pfitomnost ¢lovéka (s¢ita¢, dozor, organizator, kontrola).
Z pohledu personalniho zajisténi jsou naro¢né. Na profilu jednopruhové komunikace je potfebna jed-
na osoba na kazdy jizdni pruh (dle dopravniho zatiZzeni midzZe tento pocet je$té nartstat). Nasledny
prepis dat z formulafe do elektronické podoby vyZaduje dalsi ¢as. Tyto prizkumy jsou vhodné pro
kratké ¢asové obdobi (max. 12 hodin). Technické metody prizkumd jsou vyhodné v tom, Ze umoZzriuji
dlouhodoby prizkum (dny, tydny, mésice). Navic je mozné ziskat data o rychlosti, Casové mezete, délce
a pfesném Casu pruijezdu jednotlivych vozidel, které 1ze nasledné vyuzit pro podrobnéjsi analyzy. Kat-
egorie vozidla se v profilovém priazkumu urc¢i podle jeho délky. Vhodné je provést kontrolni kalibraci
metody.

Technické prostfedky lze vyuzit i pro smérové pruzkumy kiiZovatek. Vyhodou je libovolny ¢asovy in-
terval a zdznam vSech kategorii vozidel véetné cyklistii a pésich na pfechodech pro chodce. U zatizeni
je vhodny dohled jedné osoby. Video-analyza u smérového plo§ného prizkumu umozni ziskat kromé
RZityp vozidla a jeho kategorii rozpoznanim tvaru Celni masky. Pfi technickém prizkumu parkovani
zvladne jedno prazkumné vozidlo vybavené technikou obsdhnout velké Gzemni celky za uréenou
dobu. RZ a lokalizace vozidla je zndma témér okamzité. Tato data lze vyuZit i pro nasledny smérovy
oblastni priizkum. Napf. v Praze pfi kontrole parkovacich zén zvlidne vozidlo zaznamenat v priméru

20 000 RZ béhem 8 hodinové smény.

Diskuze

Podle vySe uvedeného popisu je mozné dospét k zavéru, Ze je nejvyhodnéjsi pouzivat technické pros-
tfedky. Ne vzdy je to vSak pravda. Je nutné brat v tivahu typ a rozsah dopravniho prizkumu. Technické
prostfedky je vhodné vyuzivat tehdy, pokud existuje pozadavek na vysokou presnost dat. Soucasné
je nutné brat ohled na proveditelnost a redlnost priazkumu. S¢ita¢ (Clovék) podléha stresu, dnaveé
a svym biologickym potfebadm. Tyto faktory ovliviiuji kvalitu dat. Technické prostfedky témto vliviim
nepodléhaji. Jeho negativum spociva predevsim v nakladech na pofizeni a jeho idrzbé.

U profilovych prazkum proto pievlada vyuZiti technickych prostfedkd, pokud se jedné o stfednédobé
nebo dlouhodobé prazkumy. U prizkumi o velkém rozsahu (nékolik stovek profil) napf. celostatni
s¢itani dopravy se doposud pouzivaji pokrocilé manualni metody s vyuzitim mobilni aplikace s online
prenosem dat. Zde byla prokazana obdobna kvalita vysledku ve srovnani s technickymi prostredky,
ovsem za nizsi cenu a nizsi logistickou zatéz. Pro méné zatiZzené krizovatky, kde zvladne s¢itani jedna
o0soba, se na kratkou dobu prizkumu vyplati vyuZzit manualni metodu (pfipadné pak zajistit sménny
provoz s¢itac). U plosnych smérovych priizkuma vyhrava jednoznac¢né technicka metoda (obvykle
velky rozsah i doba trvani).

Zavéry
Pfi findlnim vybéru metody a provedeni dopravniho priizkumu je tfeba brat v ivahu nasledujici
faktory:

. Vliv pfesnosti a ¢asu —u manualni metody klesé u ¢lovéka pozornost s délkou priizkumd a tim
padem narusté chybovost, zatimco u technickych prostfedki je urcita chybovost stéle stejna.
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. Vliv rozsahu prizkumu a finan¢nich prostfedkt — v pfipadé rozsahlych prizkumi na vice
lokalitach najednou je nutné zvazit finan¢ni naro¢nost na pripadné zakoupeni techniky, které
se vyplati pouze v pfipadé opakovani takovych priizkumi, pokud se jednd o jednorazovy priiz-
kum, je finan¢né vyhodnéjsi provést prizkumy manualné za pomoci brigadnikd.

. Vliv Gi€elu prizkumu — je nutné si stanovit, jaké data potfebujeme namérit a k ¢emu nam bu-
dou slouZit, napf. pro zjisténi orientacni Spickové intenzity v profilu, nebo nékterého kfizo-
vatkového proudu si vystac¢ime s manualni metodou, instalace techniky by byla zbytecné Cas-
ov€ naro¢na. Napf. pomérné jednoducha instalace statistického radaru vcetné kalibra¢niho
zaznamu zabere pfiblizné 40 minut, musime rovnéz pripocist nasledné staZeni a zpracovani
dat v kancelari. Pokud tedy potfebujeme intenzity za 30 aZ 60 minut, které je schopen nascitat
jeden Clovék, neni pouZziti techniky ¢asové vyhodné.

Podékovani

Tento prispévek byl vytvoren za finan¢ni podpory Ministerstva Skolstvi, mladeze a télovychovy v rdmci
projektu Narodni program udrzitelnosti I, projektu Dopravni VaV centrum (LO1610) a na vyzkumné in-
frastruktufe pofrizené z operacniho programu Vyzkum a vyvoj pro inovace (CZ.1.05/2.1.00/03.0064).

oo o o
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Metody a vysledky scitani cyklistii v Ostraveé

Martin Krej¢i (Cyklokoordinator mésta Ostravy)
martin.krejci@dhv.com

Kli¢ova slova
Pravidelné s¢itani cyklistli, automaticky scita¢, Aktualizace koncepce rozvoje cyklistické dopravy
na tizemi mésta Ostravy, Ostravské komunikace (OK)

Uvod

Od roku 2006 v pravidelnych Ctyt — az pétiletych intervalech objednava odbor dopravy magistratu
meésta Ostravy (dale OD MMO) s¢itani cyklistické dopravy, které se provadi ru¢né na vybranych uzlech
sité cyklistickych komunikaci. Intenzity cyklistd monitoruji téZ OK v rdmci pravidelnych dopravnich
priizkumd, p¥ipadné na objednavku, a Reditelstvi silnic a dlnic CR pfi celostatnich s¢itanich dopra-
vy. Samostatné byly s¢itani cyklisté tézZ pri pracich na Planu udrzitelné méstské mobility (PUMM).
Od konce roku 2016 funguje téZ automaticky s¢ita¢, kviili ne¢ekané velkym intenzitdm objednalo més-
to dalsi tfi scitace. Vysledky slouZi nejen jako podklad pro ziskavani dotaci na stavby, ale i pro politiky
pfi zdavodriovani potfeby investic do cyklistické dopravy.

Metody a pouzita data

S¢itani cyklista v letech 2006, 2010 a 2015 na objednidvku OD MMO vzdy provadéla firma DHV CR,
nyni HaskoningDHV CZ. Jednalo se o ru¢ni s¢itani brigadniky ¢i zaméstnanci firmy s namatkovou
kontrolou. Byly zvoleny jako vzorkové tfi dny se ¢tyrhodinovou $pickou (stfeda a patek 13—17 hodin,
nedéle 16—20 hodin).

Od roku 2000 pro potieby odboru dopravy MMO jsou rovnéZ sledovana data intenzit cyklist
zjisSténych v ramci celostatniho sc¢itani dopravy, ktera byla implantovana do kartogramu provadénych
s¢itani na cyklistickych komunikacich. Podle dostupnych tidaji byly rovnéz pouZzity ru¢ni pruzkumy.

OK zejména provadéji pro potfeby aktualizaci signalnich plant na svételné fizenych kfiZovatkach
na objednavku OD MMO téz pravidelné priizkumy, pfi nichZ jsou zachycovani rovnéz ti¢astnici z fad
nemotorové dopravy. Jedna se vSak Casto o lokality s velkou intenzitou motorové dopravy, kde intenzity
cyKklistli jsou margindlni. S¢ita se opét ru¢né. I tyto hodnoty se zanesly do kartogramd.
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Obrdzek 1-kartogram intenzit cyklistické dopravy

Pfi tvorbé PUMM provedla firma AF-CITYPLAN pomérné rozsahlé prazkumy cyklistické dopravy,
specialné na 28 vybranych lokalitach specielné zaméfenych na cyklistickou dopravu a na 36 béznych
kfizovatkach. Jednalo se o ru¢ni prizkum a vysledky byly pouzity pro modelovani vyvoje cyklistické
dopravy v roce 2020 a 2045.

Méstska firma OVANET zajistuje on-line provoz kamer na vice nez 40 vybranych uzlech komunikac¢ni
sité. Z téchto dat je moZno on-line nebo zpétné (pro potreby policie ¢i jiného opravnéného uzivatele,
pouze po kratky ¢as z divodu ochrany osobnich idaji) rovnéz zjistit intenzity cyklistda.

Obrdzek 2 — Pohled z dopravni kamery
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Na konci roku 2016 instalovala na objednavku OD MMO Nadace Partnerstvi prvni automaticky scitac¢
pro potfeby monitorovani po¢tu chodcti a cyklisti pro budouci pribéh trasy Eurovélo. Dalsi tfi s¢itace
byly zprovoznény v srpnu t.r. Udaje jsou snimany ptes smy¢ky a automaticky ukladany na pamétové
médium.

Vysledky

Je nutno fici, Ze s ohledem na rozvoj sité cyklistickych komunikaci (r. 1989 — 0 km, r. 2018 — 251 km)
nelze vSechna ziskana data aplikovat v absolutnich ¢islech. Cyklisté mohli napf. do doby vystavby
lepsi spojnice objizdét po stavajicich komunikacich. Nicméné je zfejmé, Ze diky postupné kompletaci
sité vyvoj intenzit stile narust, i kdyZ ne pfimo linedrné. Zatimco v roce 2006 byly nejvétsi intenzi-
ty zjis$téné méstem objednanym s¢itdnim za ¢tyfi hodiny béhem dopravni $pi¢ky 800-900 cyklistl
v obou smérech, v roce 2015 uZ to na nejzatizenéj$im profilu bylo za stejné obdobi témér 1 200 cyklisti
obousmérné. Byt je tfeba dodat, Ze se nejednalo o stejné profily. Zatim stale v pfipadé Ostravy plati,
Ze prevazuje rekreacni charakter cyklistické dopravy nad pravidelnou dopravou, ale zvysuji se i hod-
noty na trasach vyloZené zaméstnaneckych. Pfesto jsou stale nejvétsi intenzity patrny z nedélnich

s¢itani.

Sc¢itani PUMM v roce 2014 stanovilo zatim nepfekonany rekord (bude pravdépodobné prekonan v zati
t.r. na nové instalovanych scitacich), kdy na profilu za 16 hodin bylo zji$§téno 2 915 cyklistd v obou
smeérech.

Pokud jde o vysledky automatického scitace, potvrzuje se, Ze i v Ostrave je kolo pouzivano celorocné,
byt samoziejmeé Ze ne vSemi uzivateli. Nicméné jsou zaznamy i ve dnech, kdy mraz rano klesl pod
—20 stupiit. Automaticky s¢itac¢ zaznamenal v roce 2017 vice neZ 100 tisic zdznam na profilu, pfi¢em?z
cyklisté tvorili 86 % zaznamenanych. Lotiské mésicni i denni maximum pak bylo letos (moZna i diky
vyrazné lepsimu pocasi) o cca 15—27 % prekroceno.

Mésic EV4-Ostrava-o EV4-Ostrava-o Pési EV4-Ostrava-o Cyklisté
prosinec 2016 1321 645 676
leden 2017 976 590 386
unor 2017 1175 668 507
bfezen 2017 5889 1276 4613
duben 2017 7 931 1493 6438
kvéten 2017 15184 1595 13589
derven 2017 17 903 1537 16 366
Cervenec 2017 17 384 1953 15 431
srpen 2017 16 571 1301 15 270
zafi 2017 7 445 1111 6334
fijen 2017 6 048 1009 5039
listopad 2017 2 697 754 1943
prosinec 2017 1450 621 829
leden 2018 1676 756 920
unor 2018 806 460 346
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bfezen 2018 3431 967 2 464
duben 2018 18 987 1911 17 076
kvéten 2018 21134 2221 18 913
Cerven 2018 15 033 1952 13 081

Tabulka 1-vysledky scitdni na automatickém séitaci

Diskuze

Pravidelnd s¢itani cyklistt jednou za 5 let (at uz je soucasti objednavky meésta nebo v ramci celostat-
nich s¢itani) a nové instalované automatické sc¢itace davajijasny prehled o vyvoji a trendech cyklistické
a cykloturistické dopravy. Tato data lze korigovat nebo aktualizovat téZ zaznamy z kfiZovatkovych
kamer a lépe stanovit pomér sezénni/celoro¢ni a pravidelné/rekreacni dopravy na nejvice vy-
tiZenych tsecich sité. Data lze porovnavat i s prizkumy OK ¢i s obsahlym souborem dat ziskanych
béhem PUMM. ProtoZe OK v letosSnim roce obdrzZely software i hardware pro modelovani dopravy,
je pozadavkem OD MMO, aby byl vytvoren i model cyklistické dopravy, ktery bude porovnan s daty
modelu PUMM. Tak bude moZno identifikovat nejvice potfebna mista pro vystavbu, opravu nebo udrz-
bu cyklistické infrastruktury.

Zavéry

Diky zavedeni bikesharingu od pocatku kvétna 2018 v ramci centralni ¢asti mésta vyrazné vzrostlo
pouzivani jizdniho kola v centru a okoli. ProtoZe organizace Rekola diky tspésSnému zavedeni vlast-
ni bikesharingové sluzby (obrat kol — vice nez 1 000 vypujcek denné) planuje rozsifeni i na jiné nez
centralni méstsky obvod, pravdépodobné velmi vzrostou poZadavky ze strany politiki i vefejnosti
na doplnéni dopravniho znaceni a dostavbu sité cyklistickych komunikaci. Mnoho uZivatel sdilenych
kol totiz k jizdé stale vyuziva chodniky. Proto bude nutno zfejmé prazkumy cyklistické dopravy zin-
tenzivnit a provadét je Castéji v mistech, kde si sdilena kola ziskaji nejvétsi oblibu. Je to proto, aby bylo
mozno politiky i ufedniky pfesvédcit o potiebé investic dfive, neZ dojde ke kumulaci rizikovych jev.
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Inovativni metody rychlého ziskavani
viceucelovych dopravnich dat z kamerovych
zaznamu

Daniel Stofan (GoodVision s.r.0.)
daniel.stofan@goodvisionlive.com

Klicova slova
Doprava, Chytré mésto, Kamery, Uméld inteligence

Uvod

Soucasné metody sbéru dat v dopravni infrastruktufe jsou obecné malo Gc¢inné. Jsou naro¢né na lidské
zdroje nebo na Cas a infrastrukturu, coz vede k pouze obCasné analyze nebo analyze zalozené
na malych velikostech vzork ¢i zastaralych datech. Schopnost mésta rychle reagovat na potieby
je proto extrémné omezovana existujicimi technikami sbéru a vyhodnocovani téchto dat.

Mezi tradi¢ni metody sbéru dopravnich dat 1ze povazovat lidské scitace v terénu Ci z videa, invazivni
techniky pomoci magnetickych ¢i piezo-senzord, radaru ¢i jednoduchou strojovou analyzu obrazu.
Lidé vyzaduji organizac¢ni naklady, vykazuji nepfesnost Casto az v desitkach procent, nestalost miry
nepresnosti v ¢ase a vyhodnocovani je Casové narocné. Zarovern poskytuji jen jednoucelova data. In-
vazivni senzory jsou naro¢né na instalaci a vymeénu v pripadé Gprav vozovKky a maji omezené schop-
nosti. Tradi¢ni metody pocitacového vidéni maji také sva omezeni jako je vysoka zavislost na snimani
scény, klimatickych podminkéch ¢i hustoté dopravy.

Jak tedy ziskavat davéryhodna dopravni data rychle a zcela automaticky?

Metody a pouzita data

V pomyslném zavodé o systém, ktery je schopen analyzovat zabéry z kamer spolehlivé se zda byt
vitéznou odpoveédi umeéld inteligence (dale jen Al), konkrétné paradigma deep learning. Abychom pie-
konali omezeni tradi¢nich video-analytickych technologii, rozhodli jsme se vytvotit Al pro vizualni
rozpoznavani a nabidnout ji pro masové pouziti.

Produkt Video Insights spole¢nosti GoodVision ziskava multimodalni dopravni data i z velkého
mnozstvi kamerovych zdznamu zcela automaticky — a to uz do 1 hodiny. Rozeznava osm tfid do-
pravnich objektt v¢etné jejich redlnych trajektorii a dalSich parametr, zcela bez pfedchozi znalosti
podminek hledani. Video Insights nabizi pokrocilou analyzu dat, jejich vizualizaci a manazerské re-
portovani — to vSe v jediné platformé pokryvajici proces od sbéru dopravnich dat az po jejich vyhod-
noceni a rozhodovani.

Jednou z klicovych charakteristik Al pouzité v produktu Video Insights je kontinualni trénink Al na
datech z redlného svéta a s tim souvisejici zlepSovani pro vysokou spolehlivost na typickych scénach
vredlném svéte.

Vysledky

Video Insights detekuje a klasifikuje objekty jako jsou auta, chodci, kamiony, dodavky, autobusy, jizdni
kola, motocykly a zvifata, a sleduje jejich chovani béhem jejich pfitomnosti na scéné. Nase Al zvladne
rozpoznavat ve dne i v noci a za rizného pocasi, jako je dést, mlha a snéZeni. Poradi si také s davem,
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kde detekuje jednotlivé objekty, i kdyz se Castecné prekryvaji. Pouzité algoritmy rovnéz nepodléhaji
tfesu a pohybu kamery. Detekuji jak objekty v pohybu, tak statické objekty.

Nad takto ziskanymi daty 1ze provadét dopravni s¢itani, analyzovat komplikované dopravni toky, zo-
brazovat statistiky dopravy a jeji vyvoj v Case. K dispozici jsou i teplotni mapy zobrazujici frekven-
tovana mista ¢i mista, kde doprava zpomaluje. Tyto informace si uzivatel prehledné zobrazi nebo ex-
portuje do souboru MS Excel.

Video Insights prijima video zdznam na vstupu a na vystupu vytvari anonymni data. S ohledem
na GDPR nés$ proces ukladad pouze anonymni metadata objektd, které neumozriuji jejich re-identifikaci.

Diskuze

Na svété je pres 500 miliona kamer, které produkuji tydné 15 miliard gigabajta dat. Toto Cislo
se zdvojnasobuje kazdé 2 roky a je zfejmé, Ze dnes ani v budoucnu nebude vétSina zaznamenanych
zabéri kamery prezkoumana lidmi. Je to daleko za lidskymi schopnostmi. GoodVision Video Insights
napfiklad dokazZe za jednu hodinu zpracovat a vytéZit data z tisictt hodin videa. Kapacita ¢lovéka je pak
nejcastéji hodina prohlédnutého videa na jednu hodinu kddovani zaznamu z tohoto videa. GoodVision
Video Insights dale identifikuje veskeré dopravni toky ve scéné. Clovék je v rozumném ¢ase schopen
se soustfedit a analyzovat pouze na nékolik mélo hlavnich dopravnich tokda.

Video Insights je plné cloudova sluzba, ktera je schopna skalovat se podle potfeb klienta. Cela davka
zdznamu z kamery od klienta je zpracovana vzdy béhem nékolika jednotek hodin, pfipravena pro dalsi
analyzu.

Sluzba GoodVision Video Insights extrahuje objekty a udalosti z videa kompletné. Ziskana data jsou
trvald pro budouci analyzu dopravnich inZenyra ¢i urbanisti. NaSe webova aplikace nabizi datovou
vizualizaci a dotazovani na informace plné konfigurovatelném uZzivatelem. Video Insights poskytu-
je také kombinované uzivatelské filtry, které uzivateli umoznuji opakované a neomezené provadéni
analyzy.

Zavéry

Potfeba robustnich ddaji o dopravni infrastruktufe ve mésté ma zasadni vyznam pro lepsi poro-
zumeéni potfebam v oblasti vykonu a zlepSeni a pri podpore informovanych a efektivnich investi¢nich
rozhodnuti.

Diky pokroku v umélé inteligenci a vypocetni kapacité existuje vyznamna prilezitost pochopit vykon-
nost infrastruktury v kratkém Case a reagovat na jakékoli otazky tykajici se dopravnich problémi mno-
hem podrobnéji a mnohem rychleji nez v minulosti, ale i s mensimi naklady.

Poslanim spolec¢nosti GoodVision je pomahat organizacim provadét kamerové priazkumy a analyzy
dopravniho provozu rychleji, efektivnéji a spolehlivéji. GoodVision Video Insights je nastroj, ktery
zvySuje produktivitu prace, jednak presnéjsi a rychlejsi analyzou dat, ale i s uZivatelsky privétivym
rozhranim. Je to néstroj, ktery umoziiuje organizacim vs$ech velikosti fesit problémy stejnym zptiso-
bem jako nejvétsi technologické korporace, presto je jednoduchy natolik, aby byl pouZit bez zvlastnich
znalosti nebo Skoleni.

Vice na www.goodvisionlive.com
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Nové zpusoby zpracovani a prezentace dat
o intenzitach dopravy

Ing. Jan Martolos* (EDIP s.r.0.),

Ph.D,, Ing. Stanislav §tangl (Sprava informacnich technologii, Mésto Plzeri)
Ing. Karel Jedlicka, Ph.D. (Plan4all z.s.)

Mgr. Jiti Bouchal (InnoConnect s.r.0.)

Ing. FrantiSek Kolovsky (Plan4all z.s.)

*martolos@edip.cz

Kli¢ova slova
Intenzita dopravy, Vizualizace, Open data

Uvod

Udaje o intenzité dopravy (po¢tu vozidel, ktera projedou isekem pozemni komunikace za ur¢ité ¢asové
obdobi) jsou zakladni informaci vypovidajici o vyznamu komunikace. Skute¢nou intenzitu dopravy
na vybranych profilech 1ze zjistit dopravnim priuzkumem (napfiklad spravcijednotlivych komunikaci)
anasledné ji prezentovat tabulkou nebo formou statického obrazku. Dalsi moznosti je odhad intenzit

dopravy na celych komunikac¢nich sitich pomoci matematického modelu. Data slouZi tizké skupiné od-
bornik{ — dopravnim inZenyram.

Nové softwarové moznosti spolu se zménou pristupu k datim — trend ,,open dat“ a zpracovani ,big
dat“ umoznuji pouzivat interaktivni metody prezentace dopravnich dat jak pro tcely exploratorni
analyzy existujici dopravni situace (pro zjisStovani dopravné problematickych mist a ¢asu), tak i pro
jednoduché real-time modelovani mensich zmén v dopravni siti mésta (uzavirky, nové tiseky, zména
kapacity). Takové pfistupy k dopravnim datim umoziiuji rozsitit poCet uzivateld téchto dat, politickym
reprezentantiim nasich mést umozni operativnéjsi rozhodovani, vefejnost pak mohou 1épe informovat
o dopravni situaci.

Metody a pouzita data

Pocitacové modely komunikacnich siti mést jsou vyvijeny jiZz nékolik desitek let. Spolu s vyvojem
vypocetni techniky se postupné ménil i zpisob vytvafeni modeli a jejich vystupy. Nejobvyklej$im
vystupem, ktery je v zasadé stejny jiz nékolik desitek let, je staticky kartogram intenzit dopravy —zjed-
noduSené schéma komunikacni sité s idajem (Cislem) o poc¢tech vozidel, které po daném tiseku komu-
nikace projizdi (naptiklad za den).

Model je tvoten komunikacni siti (hranové a uzlové ohodnoceny graf) a tdaji o pfepravnich vztazich
(odkud — kam -kolik vozidel smétuje).

Napftiklad mésto Plzeil ma sviij model vytvofeny v software CUBE, modelova komunikacni sit ma délku
854 km, obsahuje 4 789 uzli (kf'izovatek) a 5 407 mezikfiZovatkovych tiseki. Modeluje se tizemi cca 372
km2, které je rozdéleno na 339 zon.

Vystupy byly vyuzivany dopravnimi odborniky a poskytovany jako podklad pro projektanty, pripadné
k posuzovani hluku a emisi z dopravy. V nékterych pripadech je zjednoduseny obrazek prilozen ,pro
zajimavost“ k rozhodovani politické reprezentaci mésta.
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Vysledky
Soucasné dopravni modelovani spociva ve:

1.

2.

3.

4.

Vytvoreni zakladniho dopravniho modelu zajmové oblasti v desktop software
Definici a vypoctu alternativnich dopravnich scénai (uzavirky, ziiZzeni, nova silnice, atd.).
Vypocet alternativnich dopravnich modeld pro jednotlivé scénéfe.

Prezententace vytvorenych model(l zakaznikovi, diskuse nad (dal$imi) alternativnimi scénafi.

Problémem soucasného pfistupu je doba, kterd uplyne od vypoctu dopravnich modelt do jejich prezen-
tace. Prezentované feSeni zkracuje tento ¢as z dnt na sekundy, max. minuty, zileZi na velikosti mode-
lu. Redeni spo¢iva v nasledujicich krocich:

1.

2.

Zdkladni dopravni model je vypocten stejn€, jako v tradi¢nim pristupu — slouzi nasledné pro
kontrolu a kalibraci klient/serverového feseni.

Vyvinuty Spark Traffic Modeller (klient/server feSeni) pak sbira uZivatelské vstupy pro alterna-
tivni dopravni scénare a v Case blizkém redlnému generuje alternativni dopravni modely, které
je mozné okamZité interpretovat.

Technicky Spark Traffic Modeller (STM) funguje nasledovne:

1. Zdkladni dopravni model je vypocten v desktop SW

2. Pouze zdrojova data pro zakladni dopravni model jsou importovana (generatory dopravy, do-
pravni sit, kalibracni profily) do databazového stroje pro STM.

3. STM ziska data z databaze do RAM distribuovaného serveru a spocte si vlastni zakladni do-
pravni model, ktery také drzi v RAM.

4. STM zdkladni dopravni model je porovnan s zdkladnim dopravnim modelem z desktop
a pfipadné odpovidajicim zptsobem upraven.

5. STM zdkladni dopravni model je pripraven k pouZiti pro webového klienta.

6. UtZivatel webového klienta pak miiZe modifikovat nasledujici parametry:
a) Zavrit tisek ~ simulovat uzavirku
b) Zmeénit kapacitu tseku ~ ziZeni
¢) Nakreslit novy tsek ~ simulovat vystavbu
d) ménit charakter generatoru dopravy ~ simulovat udalosti v zajmové oblasti (naptiklad

simulace parkovani pfi sportovnim utkani) ~ zatim neni implementovano

7. Po kazdé zméné parametri je vypocitan alternativni dopravni model, mtiZe byt uloZen, inter-

pretovan a prezentovan.
Diskuze a zavér

Je zfejmé, Ze souCasné moznosti vypocetni techniky a pokrok ve sbéru, tfidéni a analyze dat, umoZznuji
dopravnim inZenyriim nové mozZnosti analyzy a prezentace jejich vysledk. I kdyZ pfinosem je rychlejsi

’

’

moznost simulace dopadu dopravnich opatfeni, je diilezité, aby zpracovani a interpretaci dat provadeéli
odbornici, ktefi znaji limity modelt komunikac¢nich siti.
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STM je vyvijen v H2020 projektu Polivisu. V soucasnosti je ve stadiu prototypu. Do konce projektu
(2019) bude nasazen na dopravni model v mésté Plzni. STM je jaddrovou komponentou predstaveného
interaktivniho pristupu k dopravnimu modelovani. Z pouzité technologie (Apache Spark framework)
plyne Skalovatelnost a pripravenost STM pro cloudové prostiedi

Podékovani

Prispévek byl zpracovin za podpory projektu ¢. 769608 — PoliVisu (Policy Development based
on Advanced Geospatial Data Analytics and Visualisation) programu H2020 financovaného Evrop-
skou unii.
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Kapacita jako nahodna velicina a jeji méreni

Igor Mikolasek* (Centrum dopravniho vyzkumu, v. v. i.),
Martin Bambusek (Centrum dopravniho vyzkumu, v. v.1i.)
*igor.mikolasek@cdv.cz

Klicova slova
Kapacita pozemnich komunikaci, Kaplan-Meier, fizeni dopravniho proudu, stochasticita, kongesce

Uvod

Prispévek diskutuje kapacitu pozemnich komunikaci a jeji méreni. Kapacita je uvaZzovana jako nahod-
na veliina, ktera se nahodné€ meéni v Case v zavislosti na fadé€ dalsich (kvazi) nahodnych proménnych
jako pocasi, skladba vozidel nebo fyzické a mentdlni vlastnosti fidi¢Q, pficemz je definovana jako
hodnota intenzity, ktera vede ke vzniku kongesce. Minderhoud a kol. (1997) ve svém srovnani metod
méreni kapacity jako jedni z prvnich uvadi metodu zaloZenou na Kaplan-Meierové odhadu (Kaplan
a Meier; 1958), znamou také jako product limit method (PLM). Jeji vyhoda oproti tradi¢nim metodam
odhadu kapacity (normy, fundamentalni diagramy, vybrana maxima, intenzita na vyjezdu z kolony aj.)
tkvizejména v detailnosti popisu kapacitnich vlastnosti komunikace (pfi dostatku kvalitnich a vhodné
zpracovanych dat), kterou lze vyuZit v dopravné-inZenyrskych a telematickych aplikacich napf. pri
predikci kolon. Jejim vystupem je neparametricka kfivka preziti, ktera de facto popisuje prav-dépodob-
nost vzniku kolony pfi urcité intenzité. PouZiti metody je ilustrovano na srovnani kapacity pred a po
aktivaci mobilniho telematického systému ZIPMANAGER pro dalni¢ni uzavirky.

Metody a pouzita data

Dopravni data byla namétena pfti pilotnim testovani mobilniho telematického systému ZIPMANAG-
ER béhem uzavirky v km 31,04—36,22 na dalnici D5 na podzim 2016. Tento systém vyuZziva promén-
ného dopravniho znaceni k harmonizaci dopravniho proudu (zejména omezenim dovolené rychlosti)
a oddéleni vzniku kolon na zékladé aktudlnich dopravnich dat z detektora pfed uzavirkou.

Surova data z detektoru umisténého cca 100 m pied zaatkem uzavirky v podobé zdznam o prijezdu
jednotlivych vozidel jsou agregovana do jedno- tfi- a pétiminutovych intervald. Nakladni vozid-
la jsou uvazZovana jako ekvivalent dvou osobnich. Na zakladé poklesu rychlosti dopravniho proudu
pod 40 km/h je urCen Cas vzniku kolony. Intenzita, ktera mu pfedchézela je vyhodnocena jako
kapacita a jako ,udalost“ pro zpracovani PLM. Intenzity z pfedchézejicich intervald s rychlosti nad
40 km/h vstupuji do vypoctu jako tzv. cenzorovana data. Pro odhad kapacity je pouzit pétiminutovy
agregacni interval.

S ohledem na vlastnosti dopravniho proudu, ktery nespliiuje nékteré predpoklady PLM, vysledna
funkce pfeziti neudava pravdépodobnost vzniku kolony (de facto neni funkci preziti). Proto je dale
zkoumano pouZiti parametrickych funkci preZiti a jejich vhodné ,fitovani, které by primo popisovaly
pravdépodobnost vzniku kolony.

Vysledky

Provedend analyza ma tfi typy vystupt. Prvnim z nich je zptisob zpracovéani dat pro vyuZiti v analyze
preziti. Prezentovany zpusob se jevi jako vhodny (byla testovana fada riznych metod) pro pouziti
v lokalitich se sniZenim poctu jizdnich pruhi, nicméné pro jiné pfipady dopravniho uspofadani
a osazeni detektortt mohou byt vhodné ruzné postupy. Velmi vyhodné by mohlo byt vyuZiti datové
ftize z vice detektord, aby bylo moZné ovéfit, Ze ke vzniku kolony doSlu skute¢né v méfenim misté
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v disledku naméfené intenzity. Jako kliCové parametry pfi zpracovani dat se ukazuji definice vzni-
ku kolony a délka agregacniho intervalu, které ovliviiuji spolehlivost a pfesnost vysledku a jejich
interpretaci.

Druhym vystupem je ovéfeni funkcnosti obdobného pristupu k méreni kapacity s vyuzitim funkce
preziti. Naopak pouziti PLM se ukazalo jako ne zcela vhodné (viz diskuse).

Poslednim vystupem jsou ziskané funkce preziti, respektive distribu¢ni funkce kapacity, popisujici
pravdépodobnost vzniku kolony v zavislosti na intenzité dopravy (viz graf) za béZného provozu a po
aplikaci harmonizac¢nich schémat systému ZIPMANAGER.
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Ekvivalent( osobnich vozidel za poslednich pét minut

Z grafu je patrny zna¢né nelinearni prabéh pravdépodobnosti vzniku kolony. S ohledem na vyskyt in-
tenzit v dopravnim proudu je vSak vznik kolon v rozmezi intenzit 100-160 ekvivalent(i osobnich vozidel
za pét minut rozloZen takika linedrn€. Harmonizace dopravy systémem ZIPMANAGER snizila riziko
vzniku kolony ptibliZné o 40—45 %.

Diskuze

Ziskané poznatky mohou vyznamné prispét k rozvoji vyzkumu kapacity pozemnich komunikaci.
Vytvorené postupy jsou dobrym zakladem pro dalsi vyzkum v oblasti méfeni stochastické kapaci-
ty a jeho vyuziti v praktickych aplikacich. Ziskany zakladni soubor metod zpracovani surovych dat
je mozné dale upravovat pro dalsi situace. Zejména vyuziti dalSich detektord dale po sméru jizdy
se jevi jako vhodné s ohledem na mozné ,preteCeni” kolony z uzavirky pfed ni. Pravé nemoznost kon-
troly ,pfeteceni” kolony z uzavirky je jednim z limit( této studie po striance spolehlivosti vysledki.
Na metody zpracovani dat by vSak neméla mit vyznamny vliv.

Ukazalo se, ze vlastnosti dopravniho proudu (intenzita neroste linearné) délaji PLM nevhodnou
metodou pro aplikaci na kapacitu dopravniho proudu. Tento problém se vSak podaftilo obejit para-
metrizaci funkce preziti a jejim vhodnym ,fitovanim“. Otdzkou zistava mimo jiné idedlni délka agre-
gacniho intervalu, definice vzniku kolony pro rtizné aplikace ¢i hodnota ekvivalentu osobniho vozidla.

Co se tyCe vyhodnoceni pfinosti harmonizace dopravniho proudu, i pfes uvedeny nedostatek
je neoddiskutovatelny jeji znac¢ny pozitivni vliv na sniZeni rizika vzniku kolony.



Konference Dopravni chovani v datech e« 31.fijna 2018

Zavéry

Stavajici literatura se o PLM a stochastickych metodach urcovani kapacity sice zmiriuje, avsak ne-
poskytuje jasny ndvod, jak pfipravit surova data. Nékolik zptsobt bylo otestovano a byl nalezen
vhodny zptisob pro aplikaci v uzavirkach. Vyznamny je poznatek, Ze vhodna metoda je silné zavisla
na dostupnych datech a osazeni detektorti, a zvoleny postup nemusi byt vhodny za vSech okolnosti.
Klicové je potom zjisténi, Ze kfivka preziti ziskana pomoci PLM neodpovida realité. Sbér a zpracovani
dat délaji svoji sloZitosti obdobny pristup naro¢néjsi oproti vétsiné€ bézné pouzivanych metod odhadu
kapacity a vhodny zejména pro jasné definovana tizka hrdla, jako jsou dalni¢ni uzavirky. Vyznamnou
vyhodou je vSak vyrazné presnéjsi popis kapacitnich vlastnosti komunikace.

Srovnani funkci kapacity pred a po spusténi systému ZIPMANAGER umozriuje efektivné vyhodnotit
prinos harmonizace dopravniho proudu k oddaleni vzniku kolony.

V soucasnosti pokracuje vyvoj systému, ktery by vyuzil parametrické rozdéleni kapacity, nahodné
rozdéleni sniZené kapacity hrdla po vzniku kolony a modelu dopravniho proudu k apriori predikci jizd-
nich dob v pripravovanych dalni¢nich uzavirkach.

Podékovani

Tento prispévek byl vytvoren za finan¢ni podpory Ministerstva Skolstvi, mladeZe a télovychovy v ramci
programu Narodni program udrzitelnosti [, projektu Dopravni VaV centrum (LO1610) na vyzkumné in-
frastruktufe porizené z Operacniho programu Vyzkum a vyvoj pro inovace (CZ.1.05/2.1.00/03.0064).
Data v tomto prispévku byla ziskana z projektu ImoSYS - Inovativni mobilni telematicky systém
na pozemnich komunikacich (TH02010800) Technologické agentury CR v ramci programu EPSILON.
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ZkusSenosti z pravidelné aktualizace dat
o dopravnim chovani v Prazské metropolitni
oblasti

Milan K¥iZ (Technicka sprava komunikaci hl. m. Prahy, a.s.)
milan.kriz@tsk-praha.cz
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Uvod

Technicka sprava komunikaci hl. m. Prahy, a.s. (TSK) je méstska organizace, ktera kromeé jiného resi
dopravné-planovaci a dopravné-inZenyrské tlohy na tizemi Prahy a v urcitych pripadech i ¢asti Stie-
docCeského kraje (tzv. Prazska metropolitni oblast). Za timto Gcelem TSK spravuje makroskopicky
dopravni model Prahy a jejiho okoli pro primérny pracovni den, ktery se pocitd pouze ze s¢itini
v obdobich s nejvyssi intenzitou v roce —jaro a podzim (duben, kvéten, Cerven, zari, fijen, listopad) dle
specifické metodiky platné pouze pro Prahu. Tato metodika ma opodstatnéni vzhledem ke specifickym

podminkam Prahy — pfi velmi vysokém automobilovém provozu je v Praze vhodnéjsi kapacitné posu-
zovat i dimenzovat komunikace na tyto intenzity.

Na ostatnim tizemi statu se pocitd primérny den dle celostatni metodiky jako ro¢ni primér denni
intenzit (RPDI), ve kterém je zahrnut i vliv obdobi s nizsi intenzitou, jako zimni mésice (leden, tinor,
Castecné i bfezen), letni prazdniny (Cervenec, srpen), vinoc¢ni obdobi apod.

Pro poptavkovou ¢ast dopravniho modelu jsou podstatna zejména data o vyuziti izemi a prazkumy
dopravniho chovani, které jsou pofizovany v pravidelnych intervalech. V pfispévku ukazujeme vyvoj
hodnot specifickych hybnosti z téchto prizkumi. Prizkumy probéhly mezi roky 2005 a 2016. Tyto
vysledky ukazujeme ve vztahu ke zménam v metodice sbéru dat a ve vztahu k vysledkiim z podobnych
priazkumi v Némecku.

Metody a pouzita data

Multimodalni vypocet vyuziva jako hlavni zdroj dat prizkumy dopravniho chovani. Prizkumy
na obyvatelich Prahy byly provadény v letech 2005, 2010 a 2015. V letech 2010 a 2015 se jednalo
o vzorek ptiblizné 5000 respondentd, v roce 2005 byl vzorek 11 000 respondentd. V letech 2005 a 2010
byl provadén sbér dat metodou PAPI, v roce 2015 se jednalo o metody CAWI a CATI. Na obyvatelich
StfedoCeského kraje byl priizkum proveden v roce 2016. Zptisob vybéru vzorku, jeho velikost a zptisob
sbéru dat byl obdobny jako v roce 2015 u obyvatel Prahy. Populaci bylo vZdy obyvatelstvo od 6 let véku.
Data byla sbirdna pro tzv. typicky (pramérny) pracovni den. Typicky pracovni den byl definovan jako
Utery, stfeda nebo Ctvrtek v mésicich brezen az kvéten a zafi az listopad v tydnech, ve kterych neby-
ly svatky, mimotadné dny pracovniho klidu nebo zvlastni udalosti, které by mohly ovlivnit mobilitu
dotazovanych.

Vysledky

Jednou ze zakladnich charakteristik dopravniho chovani je tzv. (specificka) hybnost obyvatelst-
va. Mzeme ji vyjadrit naptiklad jako pocCet cest na jednu osobu za typicky pracovni den. V grafu
na obrazku ¢. 1 je zaznamendn pocet cest na jednu osobu zjisténych v prizkumech dopravniho
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chovani provadénych od roku 2005 a déle jsou zde uvedeny obdobné hodnoty z priazkumi ,,Mobilitdt
in Deutschland 2008“ (MiD 2008) a ,,Mobilitét in Stddten — SrV 2013 (Sr'V 2013) provadénych v nedavné
dobé v Némecku. Je nutné uvést, ze v Némecku se jedna o pocet cest za vSechny obyvatele, zatimco
u TSK Praha se jedna o pocet cest za osoby od 6 let. Vezmeme-li v ivahu data z MiD 2008, muzZe efekt
zahrnuti osob mladsich 6 let odpovidat poklesu o 0,05 cesty na jednu osobu za typicky pracovni den.

4 -
3,57 3,6 3.7 354 3,6

35 -
o 284 2,95
2,5 -
5
1,5
1
0,5
0 :

Obr. 1. Srovndni hybnosti obyvatel z jednotlivych priizkumii

Na obrazku ¢. 2 jsou vybrané ptipady z obrazku ¢. 1 rozdéleny do 3 zdkladnich m6da dopravy: VHD
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(vCetné kombinace s IAD —napf. P+R), IAD a pomaly mod (cyklisticka a pési doprava dohromady).

18 - «° Q i >
16 - >
14 -
1,2 -
14
038 -
06
04 -
02
o -

HAD
B VHD

m P&Si + cyklo

$H
Q
i3 O
cO
Q'K%Q Q‘(s? Q<§\ \t,zb

Obr. 2. Srovndni délby prepravni prdce z jednotlivych prizkumii
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Diskuze

Hodnoty celkového poctu cest na jednu osobu v Praze vykazuji mezi lety 2010 a 2015 znatelny narust
(viz obr. 1). Hodnoty z let 2005 a 2010 jsou pomérné srovnatelné, hodnota z roku 2015 je vyssi prib-
liZné o0 0,6 cesty ve srovnani s hodnotou z roku 2010. Hodnota z roku 2015 je srovnatelna s hodnotami
z némeckych priizkum. Stejné tak je srovnatelnd hodnota ze Stfednich Cech z roku 2016 a hodnota
z Prahy z roku 2015, i kdyZ rozdil je jiZ znateln€jsi.

Pfirozd€leni celkového poctu cest na jednotlivé mody (viz obr. 2) je vidét, Ze pocCet cest mezi roky 2010
a 2015 v Praze narostl ve vSech sledovanych médech, av$ak zfetelné nejvyssi narist je u pomalého
modu, kde ¢inni pfiblizné 0,4 cesty. Tento rozdil miZeme vysvétlit jinym zptsobem sbéru dat. V letech
2005 a 2010 se jednalo o rozhovor, kdy jednotlivé cesty byly vypliiovany sekvencné. Pfi sekvencnim
vypliiovani mohl respondent béhem vypliiovani dotazniku sekvenci cest zkratit oproti skute¢nosti.
Naopak v roce 2015 respondent nejdfive uvedl vSechna mista, ktera béhem dne navstivil. Poté byla
provedena kontrola Gplnosti seznamu vyplnénych mist a nasledné vyplnil respondent ke vSem cestam
pozadované tdaje.

Zavéry

Na zakladé ukazanych vysledki z vyse popsanych priizkumd dopravniho chovani jsme toho nazo-
ru, Ze rozdily ve specifickych hybnostech mezi Ceskou republikou a stéty, jako je napiiklad Némecko,
je zanedbatelny. Pro potvrzeni téchto zavérd je potfeba analyzovat data i z jinych prizkumu. Za zasadni
povazujeme probihajici celostatni prizkum ,Cesko v pohybu*.

vrve

Dale si klademe otdzku, zda nerozsifit populaci prizkumu i o skupinu osob ve véku 0—5 let. Tato skupi-
na je v pfimém vztahu se specifickou hybnosti pro nékteré tiely cest (pfedskolni zafizeni) a mize
v nékterych tlohich dopravniho planovani hrat daleZitou roli.
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Uvod

Prizkumy dopravniho chovani pfedstavuji dulezity zdroj informaci pro strategické dopravni
planovani véetné plant udrzitelné méstské mobility (Gabrhel, Koufil, & Melzer, 2016). Aby bylo za-
jisténo, Ze vysledky téchto prizkumi dobfe reprezentuji dopravni chovani obyvatel zdjmového tizemi,
je potfeba zajistit co nejvhodnéjsi zptisob vybéru respondent (Koufil et al., 2018). Pfirozhodovani o tzv.
konstrukci vybérového souboru zvazujeme nékolik aspektl od velikosti oblasti prizkumu, velikosti
vybérového souboru, obdobi (napf. jaro ¢i podzim ve srovnani s celym rokem) sbéru dat. Tato rozhod-
nuti se odviji od poZadavk na data ale také od ¢asu a finan¢nich prostfedki, které mame k dispozici.
Vysledkem je proto obvykle kompromis. Tento prispévek ukazuje na prikladu planu udrZitelné méstské
mobility (PUMM, resp. SUMP) LitoméFic pravé priabéh rozhodovani o priazkumu dopravniho chovani,
ale i vysledky tohoto procesu.

Mésto Litoméfice s 24 045 obyvateli (CSU, 2018) se nachazi na soutoku Labe a Ohte v Usteckém kraji.
Mésto ma monocentrické usporadani s historickym jadrem a zazemim, které tvori prevazné zastavba
rodinnych domu a nékolika sidliStnimi celky v zdpadni, severni a severovychodni ¢asti zdzemi mésta.
Celé v SO ORP Litoméfice se pak nachazi celkem 59 192 obyvatel (CSU, 2018).

V roce 2017 mésto zah4jilo v ramci projektu eFEKTA zpracovavani planu udrzitelné méstské mobility
(PUMM), jehoz hlavnim ndastroje analyzy je dopravni model a s tim souvisejici i v tomto pfispévku dis-
kutovany pruzkum dopravniho chovani (dile jen PDCH).

Pred zahajenim praci na PUMM byl proveden audit QUEST (Mésto Litomé¥ice, 2016), ktery analyzov-
al a shrnul predchozi strategické dokumenty mésta v oblasti dopravy a identifikoval kliCové oblas-
ti a opatfeni, ke kterym by dalsi aktivity mésta Litométic mély sméfovat. Zvlasté se jedna o oblast
cyklistické dopravy, dopravy v klidu a monitoring stavu dopravy. Navazujici analytické studie by mely
akcentovat analyzu v téchto klicovych oblastech. Provedeny PDCH v Litoméficich byl pravé z téchto
davodl mj. zaméfen zjiSténi miry vyuzivani a pfipadného potencidlu vyuzivani cyklistické dopravy
a feSeni situace statické dopravy formou prizkumu deklarovanych preferenci provedeného v ramci
tohoto pruzkumu (Gabrhel, 2018).

Metody a pouzita data
Pti konstrukci vybérového souboru pro litoméfické Setfeni bylo nejdfive nutné definovat geografick-
ou oblast, v niz se budou data sbirat. A tedy i populaci, o které bude Setfeni vypovidat. Geografickou
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oblast pro sbér dat 1ze vymezit deduktivnim nebo induktivnim (travel-to-work area — TTWA) ptistu-
pem, které slouZi pro vymezovani funk¢nich méstskych regionti (MuliCek a Kozel, 2012). PouZiti jed-
noho ¢i druhého pristupu zavisi na charakteru sidelni struktury daného tizemi, nicméné oba pristupy
1ze kombinovat. Region je pak vymezen prostfednictvim algoritmu delimitace (Coombes, Green, &
Openshaw, 1986; MuliCek a Kozel, 2012) tak, Ze vysledny region je vztahové uzavieny, tedy pocet do-
jizdkovych vztaht pfes hranici regionu je minimalizovan a podil dojizdkovych vztah( v ramci re-
gionu je maximalizovan. V pfipadé Litométic byly kombinovany oba ptistupy, kdy napted byl vy-
mezen TTWA region pro oblast Litoméficka na irovni 80 %, ktery zahrnoval prave i ostatni vétsi sidla
v blizkosti Litoméric (napf. Terezin) a nasledné byl tento region zmensen prostrednictvim vymezeni
funkéni spadové oblasti do Litomeéric. Hranice obou oblasti byly porovnany a v navaznosti na to byla
vymezena findlni geograficka oblast pro PDCH, ktera je mensi nez vymezeny TTWA region.

Nasledovalo stanoveni velikosti zkoumaného souboru. To vychazelo jednak z planovacich potfeb, tedy
konkrétné z poZzadované miry podrobnosti a pfesnosti, ale také z praktickych aspekt sbéru dat. Pokud
jde o planovaci potfeby, pozadavky vychazejici z potfeb SUMP nebyly predem jasné specifikovany,
k jejich vyjasnéni doslo az pti komunikaci mezi zpracovatelem (CDV) a zadavatelem (Litoméfice).
Zejména probéhla domluva na vytvoreni dvou zdn, jednak samotnych Litoméric, ale i sousednich
obci se zamyslenym pomeérem 80 % ku 20 % velikosti vybérového souboru ve prospéch Litomeéric
s minimalni velikosti zkoumaného souboru 800 doméacnosti. Podil byl stanoven tak, aby byl dotazan
nejmensi mozny, ale z hlediska po¢tu podniknutych cest smysluplny vybérovy soubor z okolnich obci.
Mezi praktické aspekty pak fadime finan¢ni mozZnosti zadavatele prizkumu, situaci na trhu (promén-
liva cena za ispésné dotazanou jednotku vybéru), ale i casové limity sbéru dat. Pokud jde o cenu, ¢inila
673 tis. K¢ za 930 dotdzanych domdacnosti. Co se terminu sbéru dat tyce, pivodné mél probihat jiz
od Cervna 2018, nakonec ovsem doslo z rozhodnuti projektového manazera k posunu jednak zacatku
sbéru na 21. 9. 2018, ale i konce sbéru dne 15. 12. 2018. Ve dnech 1. az 4. 6. nicméné probihala pilotaz
ovérujici fungovani zvolené procedury.

Pro sbér dat byl pouzit vicestupniovy pravdépodobnostni ¢i ndhodny vybér, kde v prvnim kroku probéh-
la stratifikace vybérového souboru na ¢ast Litoméric a cast litomérické spadové oblasti. Nasledné byly
nahodn€ vybrany v ramci kazdého strata (Litoméfice a obce v litométické spadové oblasti) adresy,
na kterych dotazovani probihalo. Ttetim krokem pak byl vybér konkrétni domacnosti v ramci danych
adres —nahodnym vybérem ze soupisek domacnosti na adresni bod. Adresni body, které tvorily oporu
vybéru, vznikly na zakladé databaze RUIAN, kterad obsahuje také pocet domacnostina adrese.

Vysledky

Srovnani vysledka S¢itani domi, lidu a byt (dale jen SLDB 2011) s vybérovym souborem z Litoméfic
pak umoznuje fici, Ze vybérovy soubor odpovida SLDB 2011 z hlediska pohlavi, stupné dosazeného
vzdélani ¢i vékové kategorie mezi 15. a 64. rokem Zivota popula¢nim parametram.

Vv v

Pti sbéru dat bylo Gspésné dotazano 901 domacnosti (Litoméfice = 726, sousedni obce = 175) s 814 au-
tomobily, respektive 1791 osob, pricemzZ 80 % téchto osob v rozhodny den podniklo dohromady 3 156
cest (z toho 2 444 v pripad€ Litoméric). K ispé€snému dotazani findlni velikosti zkoumaného souboru,
tedy 901 doméacnosti bylo celkem tfeba oslovit 1 276 domacnosti. Pét domacnosti bylo nutno vytadit
z diivodu nenaplnéni sledovanych informaci (napfiklad informace o tom, zda domécnost disponuje
dopravnimi prostfedky). Navratnost tak dosahovala 70 %. Agentura sbirajici data nasadila celkové
25 tazateld.

Zjistény podil cest s vyuzitim kola, z celkového poctu cest n =2 444, ¢inil 1 % (tedy cca 25 cest). Pti tak-
to nizkém zastoupeni, na 95% intervalu spolehlivosti, dosahuje absolutni vybérova chyba Ea = +0,39
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% (konfidencniinterval od 0,61do 1,39 %, viz vzorec 1). Relativni vybérova chyba, tedy podil absolutni
chyby na sledovaném zastoupeni cest na kole, tak predstavuje +39 %.

Primérny pocet jizdnich kol byl ve vybéru n = 726 domacnosti M = 1,02 kola na domacnost. Smérodat-
né odchylka SD = 1,37. Chybu odhadu priaméru (standard error of mean) vypocitame jako podil sméro-
datné odchylky a odmocniny poc¢tu pozorovani (SEM = 0,10).

S
2)  SEM=—

Pokud chceme vyjadFit, v jakém rozmezi se nam podafilo urcit pramérny pocet kol v 95 % pfipaddg,
muzZeme tento interval zjednodusené urcit jako plus minus dvojnasobek chyby odhadu praméru. Tedy
V 95 % pripadi bychom pfedpokladali, Ze primérny pocet jizdnich kol na domécnost v LitoméFicich
je 1,02 +0,2.

Diskuze

Ackoliv absolutni chyba méfeni podilu cyklistickych cest dosahuje rozmért v fadu desetin pro-
cent (0,39 %) a pusobi zanedbatelné, kdyZ ji vztdhneme k samotnému podilu cyklocest, vyjevi se jeji
zavaznost. Relativni vybérova chyba +39 % vyznamné limituje vyuziti indikatoru podilu cyklodopravy
pro mozna budouci srovnani. Velikost této chyby je bezesporu ddna obecné malym zastoupenim cyklo-
dopravy na celkovém poctu cest. Jednou z moznosti pro ziskani kvalitnéjsiho indikatoru by bylo vzorek
vyrazné navysit. OvSem i jen pro polovicni chybu (+19,5 %), pfi zachovani podilu 1 %, by bylo potie-
ba ziskat vzorek cca 10 000 cest, coz odpovida pfiblizné 2 800 domacnostem. To je z mnoha divodu
nad moznosti podobného priizkumu dopravniho chovani. SpiSe neZ navySovanim vzorku by se tento
problém dal fesit vhodnéj$im ¢asovym designem vybérového souboru. Setfeni v LitoméFicich prob&hlo
na podzim a ¢astec¢né i v zimé, kdy podil cyklodopravy dosahuje minima. Pokud by Setfeni probihalo
jako kontinudlniro¢ni méfeni, podil cyklodopravy by patrné vyznamné vzrostl. Pokud by napt. dosahl
6 %, jak je tomu u dva roky starého Setfeni z Olomouce, relativni chyba by i pfi stavajici velikosti vzor-
ku dosahla jen +15 %.

Primérny pocet jizdnich kol na domacnost v LitoméFicich je 1,02 +0,2, a to v 95 % piipadu. Je to tedy
plus minus pétina samotného priméru. Pokud bychom si volili primérny pocet kol v domécnosti
jako indikator rozvoje cyklistické dopravy, musime pocitat s tim, Ze zménu v tomto ukazateli stézi
naméfime pomoci pruzkumu dopravniho chovani pfesnéji. Respektive je to mozné, ovSem pouze
za situace navyseni vybérového souboru prinejmensim o nékolik stovek jednotek, respektive pti zach-
ovani jeho soucasné velikosti, ale pfi nartstu primérného poctu jizdnich kol v doméacnostech v fadu
jednotek. Divodem je jiny zaklad, ze kterého se chyba poc¢ita. Zatimco u modal splitu to byl pocet cest,
zde to je podstatné mensi Cislo, a to pocet domacnosti ve vybéru. Zaroveri si vSimnéme, Ze smérodatna
odchylka (SD = 1,37) je vétsi, nez prumér (M = 1,02). Jako kdyby domécnost mohla vlastnit ziporné
mnozstvi bicykla. Je to tak proto, Ze ve skutecnosti ma proménna poctu jizdnich kol v domécnosti log-
normalni rozdéleni.
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Uskutecnény sbér dat nam dava prilezitost reflektovat také jeho praktické aspekty. Jeden z nich,
zminény uz v pasazi vénované vybérové chybé u podilu cest vykonanych na kole, je Cas, resp. ro¢ni
obdobi. Sbér dat o dopravnim chovani muzZe probihat v tzv. béZném obdobi (jarni a podzimni
meésice), pfipadné kontinudlné, v prabéhu celého roku. Prvni zptisob miiZe byt vyuZit v situaci Casové
omezeného obdobi pro sbér dat (napf. nékolik mésicti), kdy na tato data navazuji dalsi aktivity (kupf.
tvorba dopravniho modelu ¢i analytické ¢asti PUMM). Takto ziskana data jsou ovSem ve srovnani
s kontinudlnim sbérem vice nichylna vici sezénnim vykyvim, coZ se ostatné projevilo pfi poctu
zaznamenanych cest na kole ve vySe predstaveném PDCH. Klicovym aspektem Gisp€sné realizovaného
sbéru dat je dale komunikace s vefejnosti. Informa¢ni kampari vedend skrze divéryhodné kanaly zvy-
Suje ochotu oslovenych osob se sbéru dat Gicastnit. Komunikace pak nabyva na vyznamu zejména
v situaci, kdy ke sbéru dat dochazi na Gzemi s relativné malym poctem obyvatel. Sdilena (ne)znalost
probihajiciho sbéru ¢ini z PDCH spole¢né téma, s ¢imZ je tfeba pracovat, naptiklad skrze zapojeni pred-
staviteld obce, v opa¢ném piipadé to pfedstavuje riziko pro navratnost sbéru.
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Uvod

tensen, 2014). VSeobecne chybaju vysledky prieskumov z malych miest. Z tohto dévodu sa prispevok
zaobera 3 mensimi slovenskymi mestami (RuZzomberok a LucCenec 28 tisic, Svit 8 tisic obyvatelov),
v ktorych prebehol v roku 2016 dopravno-sociologicky prieskum. Prispevok poukazuje na niektoré
zaujimavé vystupy z prieskumu. Vac¢Sina miest sa totiZ zameriava iba na individualnu automobilovd
dopravu, priCom vystupy z prieskumu poukazujd, Ze obyvatelia vyuZivaju aj iné druhy dopravy. Tieto
data ukazuju, ze kazdé mesto alebo obec by mali pravidelne ziskavat informadcie o svojich obyvatelov
s cielom vytvorenia adekvatnej dopravnej ponuky alebo dopravnych a mobilitnych sluzieb.

Metody a pouzita data

Viaceré krajiny realizuja pravidelne dopravné prieskumy zamerané na dopravné spravanie svojich oby-
vatelov. Napriklad v Nemecku existujd dva pristupy, jeden prieskum sa pravidelne realizuje kazdych
5 rokov a nazyva Mobility in Germany (MiD, 2018), druhy pristup (German panel survey, MOP, 2017)
je tzv. pravidelny panelovy prieskum, ktora sa zbiera kazdy rok. Medzi dal$ie krajiny moZno spomenut
Velka Britaniu alebo Holandsko (MPN, 2018), ktora je pravdepodobne najstarsia krajina (od roku
1978), ktora historicky realizuje takéto prieskumy. Samotna metodika prieskumu sa opiera o postupy
pouzivané v Dopravnom inZinierstve, vyvinuté Technickou univerzitou v Drazdanoch, kde sa tato
metodika pouziva uz od roku 1972 (MiD, 2018). Je zaloZena na zreportovani dopravného spravania
pocas 1 diia. Samotné data boli zozbierané z dopravno-sociologickych prieskumov z roku 2016, pricom
sa zamerali na menSie mesta, ktoré nie sd typickou vzorkou pre dopravno-sociologické prieskumy.
Jednym z dévodov preco takéto prieskumy mesta vo vSeobecnosti na Slovensku nerealizuju je fakt,
7e nemaji persondlne zizemie, a ¢astokrat ani financie. Dal$im faktorom je, Ze mest4 tieto idaje
nevedia vyuzit pri planovani dopravy v danom tizemi. To znamen4, ak by tieto idaje mali, vedeli by,
Ze napriklad Specifické skupiny obyvatelstva vyuzivaji iné druhy dopravy ako automobilovii dopravu.

Vysledky

V tejto kapitole st popisané najdodlezitejSie vystupy z prieskumov v danych mestach. Prieskum
sa realizoval za pomoci anketarov, ktori navstivili jednotlivé domacnosti, pricom zistovali idaje retro-
spektivne. NavySe okrem klasickych tidajov (icel cesty, druh dopravy a pod. sa zistovalo aj hodnotenie
vybranych druhov dopravy a spokojnosti s nimi (napr. MHD, infrastruktdra pre pesich a cyklistov
apod.).

V meste Svit sa vyhodnocovalo 305 dotaznikov so vzorkou 782 obyvatelov. Ti spolu vykonali 1 775 ciest,
pricom kazdy obyvatel ma priemernd hybnost 2,2 cesty za defl. Aj napriek trendom v injych mestach
so stpajucou motorizaciou, najviac obyvatelov podla prieskumu vyuZziva pesiu dopravu 42,94 %.
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Nasleduje vSak automobilova doprava, kde ju ako vodic vyuziva 22,76 % a ako spolujazdci 5,69 % re-
spondentov. Verejni osobnd dopravu vyuZziva celkom 13,02 % obyvatelov, z coho MHD 5,63 %, autobus
5,53 % a Zelezni¢nd dopravu 1,86 %. Prekvapenim md&Ze byt zastipenie cyklistickej dopravy s 14,88
% podielom. Z hladiska vyuzivania jednotlivych druhov dopravy je zrejmé, Ze zamestnani najviac vy-
uzivajli osobny automobil a verejni osobnd dopravu najmenej. Naopak logicky najvyssi podiel vyuziva-
nia pesSej dopravy maju Ziaci (vySe 65 %), avak potencidlnym problémom méZe byt vyse 12 % vyuziva-
nia automobilu ako spolujazdci. Dalsou zo skupin, ktori vyuZivaji pesiu dopravu st déchodcovia (53 %)
a osoby na materskej dovolenke (44 %). Zaujimavé je napriklad vyuzivanie bicykla, kde ho vyuZzivaji vs-
etky skupiny, a to najviac dochodcovia a nezamestnani (16,92 % a 17,31 %), ako aj zamestnani 15,48 %.

Pre mesto Lucenec sa vyhodnotilo 1029 dotaznikov. Zahittiali spolu 2 448 osdb, ktori spolu vykonali
4740 ciest, Co predstavuje priemernt hybnost na osobu 1,93 cesty za den. Najvacsi pocet ciest bolo vy-
konanych osobnym automobilom, pricom 31,50 % realizovali ako samotni vodici, 11,86 % ako spolu-
jazdci. Druhym najviac pouzivanym druhom dopravy bola pesia doprava so 42 %. Nasleduje MHD so 7
%, cyklisticka doprava so 3, 88 %, autobus s 1,92 %, vlak s 1,67 % a motocykel s 0,17%. Cesty do 5 km,
predstavovali vySe 85 % zo vSetkych ciest zrealizovanych pocas prieskumu. To len potvrdzuje fakt
o kratkej dizke ciest v meste. Priemerna dl7ka 1 cesty je 3,2 km. Nasledujtici obrazok znazortiuje vyskyt
pocetnosti vzhladom na druh dopravy. Z neho vidime, Ze najpouzivanej$imi druhmi dopravy v Lucenci
st pesia a individudlna automobilova doprava. Z hladiska priemernej diZky cesty boli odfiltrované ces-
ty v rozsahu 200—-500 km, 1000 km, ktoré reprezentovali nie kazdodenné cesty. Z toho 83 %, ktoré boli
realizované autom prave do vzdialenosti 5 m. Pri peSej doprave je to az 98 % zo vsetkych ciest. Auto-
bus vyuziva 76 % na cesty dlhsie ako 5 km a vlak viac ako 80 %. Pri MHD je to uvedenych 95 % ciest.
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Obr. 1 Podiel jednotlivych druhov dopravy medzi skupinami cestujticich v meste Lucenec v %.

V meste RuZomberok sa vyhodnocovalo 1019 dotaznikov so vzorkou 2 599 obyvatelov. Ti spolu vykon-
ali 5 452 ciest, pricom kazdy obyvatel ma priemernd hybnost 2,09 cesty za den. Aj napriek trendom
v inych mestach so stpajicou motorizaciou, ma Ruzomberok zaujimavy potencial v pripade nemo-
torovej dopravy. Najviac obyvatelov podla prieskumu vyuziva individualnu automobilovd dopravu,
kde ako vodici 34,59 % a ako spolujazdci 8,75 %. Nasleduje pesia doprava s podielom 34,92 %. MHD
vyuziva 10,40 %, vlak 2,16 % a autobus 2,05 %. Prekvapenim mozZe byt zastipenie cyklistickej dopravy
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s 6,97 % podielom. Celkové podiely jednotlivych druhov dopravy medzi skimanymi skupinami uvadza
Obr. 2.
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Obr. 2 Delba prepravnej prdce hlavnych druhov dopravy zo socio-ekonomického hladiska

Diskuze
Zaujimavé je taktieZ porovnanie vyuzivanie jednotlivych druhov dopravy medzi socialnymi skupinami.

V meste Svit je zaujimavé vyuZzivanie cyklistickej dopravy (14,88 %) a peSej dopravy 42,94 %, o len
potvrdzuje fakt, Ze pre malé mesta st vyznamné udrzatelné druhy dopravy.

V Lucenci skupina ,,Zamestnany“ vyuziva najCastejSie osobny automobil 51,75 %. Znepokojivé je aj to,
Ze pravdepodobne aj deti st vozené rodi¢mi do §kol a materskych $kol osobnym automobilom (39,25
%), Cim sa len potvrdzuje narastajlci trend vyuZivania osobného automobilu od detstva. Pesia doprava
ma najvyssi podiel vyuzivania zastipend u nezamestnanych (60,42 %), deti (42 %), Ziakov (61,54 %),
stredoskolakov (63 %) a dochodcov (42 %). Bicykel sa ako druh dopravy pouZiva najviac u déchodcov
a deti po 7,44 %. MHD najviac vyuzivajui vysokoskolaci 11,54 % a nezamestnany 10 %. Podobne
aj primestsky autobus vyuZziva najviac skupina vysokoskolakov (12,82 %), podobne aj vlak (26,92 %),
¢o je vzhladom na nastavenu tarifu logickeé.

V meste RuZomberok je z hladiska pouzitého dopravného prostriedku zrejmé, ze zamestnani najvi-
ac vyuzivaju osobny automobil 56,75 % a verejnil osobnd dopravu najmenej 7,85 %. Naopak logicky
najvyssi podiel vyuzivania peSej dopravy maju Ziaci (vySe 53 %), deti, dochodcovia (50,48 %) a osoby
na materskej dovolenke 69,57 %. PouZivanie motocykla je u vSetkych skupin v zanedbatelnom podiele.

Predlozené zavery korenSponduju s vysledkami pre malé mesta, kde napriklad je problém s obsluhou
mestskou hromadnou dopravou. Problémom je, Ze takéto prieskumy sa nerealizuju pravidelne, pricom
stcasny stav informac¢nych technolégii by to umozrioval. Takéto zaujimavé idaje je v sicasnosti
mozné zbierat aj prostrednictvom mobilnych telefonov, ako to bude realizovat medzinirodny pro-
jekt MoTiV (MoTiV, 2018). Ten ma za ciel realizovat kontinualny prieskum na vzorke min. 5000 0s6b
v min. 10 krajindch po dobu minimélne 14 dni. Prieskum okrem tradi¢nych ddajov o druhu dopra-
vy, Ucelu dopravy bude zistovat aj hodnotenie mobilitnych sluZieb a produktivitu pocas cestovného
Casu. To znamena, Ze pre niektoré UcCely ciest je poZadovany Co najkratsi cestovny Cas, avsak pre iné,
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napr. zabava, vychadzka na bicykli a pod. to nemusi byt pravda. Prave z tohto dovodu chce projekt
zistit osobnd hodnotu cestovného Casu a faktory, ktoré ju m6Zu ovplyvnit. Pridana hodnota spociva,
Ze vSetky idaje budi publikované vo forme OPEN DATA v anonymizovanej forme.

Zavéry

Dopravné spravanie zistované pocas dopravno-sociologickych prieskumov maja zasadny vyznam
v oblasti dopravného planovania ako aj pri overovani dopravnych opatreni v praxi. Casto sa viak
stava, Ze takéto prieskumy sa realizuji len vo viacSich mestach, ktoré maji na to finan¢né prostried-
ky, pricom tdaje z mensSich alebo malych miest st dostupné v obmedzenej miere. Vysledkom je fakt,
Ze realizované dopravné opatrenia, Ci uz v oblasti dopravnej infrastruktiry alebo dopravnej politiky,
nie st adekvatne meratelné a podloZené vystupmi z dopravno-sociologickych prieskumov, ktoré mézu
pomoct identifikovat odliSné pozZiadavky roznych skupin obyvatelstva na rézne druhy dopravy, kedZe
vo vicSine sa dopravné planovanie zaobera skor automobilovou dopravou a ostatné druhy dopravy
st marginalizované. Prave z tohto dévodu prispevok popisuje jednak vystupy dopravno-sociologickych
prieskumov vo vybranych malych mestach na Slovensku s poctom obyvatelstva od 7-30 tisic. Vystupy
z dopravného spravania poukazuji na zaujimavé vysledky napriklad pri porovnani individualnej auto-
mobilovej dopravy a peSou dopravou, ktord ma prave v mensich mestach dost velky podiel a preto by sa
tymto druhom dopravy mala venovat patri¢na pozornost. Vystupy zaroven popisuji odlisné spravanie
roznych skupin obyvatelstva s ohladom na vyber dopravného prostriedku. Prispevok taktieZ prezen-
tuje nové moznosti pre pravidelné realizovanie takychto prieskumov v mestach bez rozdielu poc¢tu
obyvatelstva s ohladom na pouZzivanie informac¢nych technoldgii.
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Uvod

Jednim z novych zdroja informaci v oblasti statistickych dat v dopraveé jsou zbytkova data z provozu
sité GSM (Groupe Spécial Mobile). Diky poskytnuti pristupu operatorem O2 CZk pilotni verzi databaze
zbytkovych dat z provozu sité GSM jsem se rozhodl ovéfit, jak odpovidaji zavedenym datovym zdrojim
a pripadné jak je 1ze vzajemné kombinovat.

Predmétem srovnani je pocet osob, které v obci nocuji a pocet osob, které pres obec tranzituji. Jako
srovnavacilokalita byla zvolena méstska ¢ast Brna, Brno-Bosonohy, o které jsou dostatecn€ publikova-
na data a zarovenl je tato byvala samostatna obec s malym stavebnim rozvojem dobfe Citelnd urbanné
inapojenim na dopravni komunikace.

Metody a pouzita data

Operéator O2 CZ, ktery ma na trhu pfiblizné tfetinovy podil, poskytuje pilotni pfistup ke svym datm
skrze dvé aplikace typu klient-server bez grafického rozhrani, kde ve svych zbytkovych datech rozdé-
luje izemi na ZS] (Zakladni sidelni jednotka) nebo ZU]J (Zakladni izemni jednotka, tj. obce nebo mést-
ské ¢asti). Zvolil jsem aplikaci Sociodemo API, ktera rozliSuje osoby v izemi pfitomné déle nez 30 min
LVisit“ a ostatni projizd€jici ,tranzit“, dale uvadi vékovou kohortu, pohlavi a hodinu dne pro sledovany
den. Najeden dotaz aplikace vrati jednu odpovéd's jednou hodnotou. Tato hodnota je ¢islo o minimalni
hodnoté 100, hodnoty mensi jsou z diivodu anonymizace vraceny jako NULL.

Jako kontrolni byla dale pouzita zbytkova data o pfitomném obyvatelstvu operatora T-Mobile z roku
2016 mésta Brna, publikovana jako OpenData.

Zvolena méstska Cast Brno-Bosonohy odpovida jedné ZUJ, pfipadné tfem ZS]J, kde jadrova ZU]J char-
akterizuje 90 % obyvatel.

Za zavedené zdroje dat povazuji SLDB 2011 (S¢itani lidi domi a byti), CSD 2016 (Celostatni s¢itani do-
pravy) Cislo tiseku 6-6013, TP 189/11 Stanoveni intenzit dopravy, rejstfik ekonomickych subjektt ARES,
vyroc¢ni zpravy §kol, prizkumy obsazenosti Koordinatora IDS JMK 2015 (Integrovany dopravni systém
Jihomoravského kraje) a vlastni sonda obsazenosti vozidel.

Vysledky
Piehledné srovnani po¢tu osob-navstévniki uvadi Tabulka 1, poCty tranzitujicich osob jsou uvedeny
v Tabulce 2.

Pritomné obyvatelstvo Pocet navstévnikd (visit)
) Podet obyvatel pramér 6. a 23. hod, ‘ ve 4 hod rdno
Uzemni jednotka SLDB T-Mobile Sociodemo API, O2 CZ
pramér viednich dnt . -
09-10/2016 asi2017-06-19 2018-05-30 stfeda
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2 457
ZUJ 55132 . ,
] 551325 +100 SS internat 2550 7 500 5195
Brno-Bosonohy
=2 557
22
7S] 008508 Boso- & .53 .
Y +100 SS internat 2327 3322 3171
nohy-stied 2353

Tabulka 1 PoCet obyvatel a osob-ndvstévnikii

Pocet tranzitujicich osob Pocet tranzitujicich osob (tranzit)
Sociodemo API

asi 2017-06-19 2018-05-30 stfeda

14 370 x 1,06 0s. voz, CSD/TP189 x 1,5 osob
2293 x 1,24 nakl. voz, CSD/TP189 x 1 0sob
+2x1 200 0sob, IDS JMK
-2x1300 osob vyjizd€jici, SLDB
-2x1 200 osob dojizdéjicich, odhad
=23 091
Tabulka 2 Srovndni poctu tranzitujicich za 24 hod pres ZS] 008508 Bosonohy-stred

15 443 13386

Diskuze

Rozdil v poctu navstévnika udavanych zbytkovymi daty oproti poCtu obyvatel celé méstské Casti
je celych 100 %, pokud ztZime Gizemi jen na jaddrovou ZSJ, je rozdil jen 35 %. Z mistni znalosti Ize jen
tézko vysvétlit takovy rozdil napf. no¢nim sménnym provozem, pfechodnym bydlenim. Z okolniho
terénu, rozlozeni domd a z rozmisténi vysila¢i GSM lze vyslovit domnénku, zda ¢ast rozdilu

s v

by nemohly zptsobovat sidlisté za administrativnimi hranicemi méstské ¢asti, kde néktefi obyvatelé

maji vyhodnéjsi prijem signalu z vysilace v Bosonohach.

Pocet tranzitujicich osob je dle zbytkovych dat asi o 42 % mensi, nez uvadi zavedené zdroje dat a je
nesnadné jej komentovat. Lze vyslovit domnénku, Ze k vysilaci v Bosonohdch se pripojuji i osoby je-
douci po dalnici D1, které je nutné systematicky odfiltrovavat a s nimi zmizi i ¢ast skute¢né tranzitu-
jicich ptes Bosonohy.

Vyuziti dat omezuje absence rozdéleni navstévnika na nocujici a ostatni, protoZe bez toho nelze sledo-
vat vyjizdku a dojizdku do Gizemi, ale jen vysledné saldo. Dale chybi rozsifujici informace o druhu cesty
nebo volbé dopravniho prostfedku. Nenijasné, jak se do hodnot zbytkovych dat promitaji komunikace
nebo osoby vyskytujici se systematicky a poCetné na rozhrani administrativnich jednotek. Zbytkova
data Sociodemo API Ize proto jen obtizn€ interpretovat, srovnavat nebo dopliiovat jinymi.

Zavéry

Zbytkova data GSM z aplikace Sociodemo API od 02 CZ o poc¢tu osob navstévnika a tranzitujicich
se od konvencnich dat 1isi 0 35-100 %, coz zna¢né omezuje jejich vérohodnost i pouziti. Nizsi rozdil
35 % byl dosaZen u navstévnikd, pokud zdjmové tzemi bylo dostate¢né vzdaleno od jiné zastavby.
Kvalitativnim omezenim zbytkovych dat pro dopravni modelovani je chybéjici rozdéleni navstévnika
na nocujici a ostatni, dile absence strukturovanych dat o cesté, napft. volbé dopravniho prostredku.
Nejasné je zapocitavani komunikaci nebo osidleni na rozhrani umélych statistickych hranic. Takova
data je pak obtiZné interpretovat, srovnavat nebo dopliiovat jinymi.

Podékovani
Dékuji firmé O2 CZ za poskytnuti pristupu k pilotnimu provozu aplikace Sociodemo API zprostfedku-
jici zbytkova data z provozu sité GSM.
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Ocenovani cestovniho ¢asu a jeho variability
v bézném provozu a v kongesci - odhady pro CR

Vojtéch Maca, Markéta Braun Kohlova
Univerzita Karlova, Centrum pro otazky Zivotniho prostiedi
vojtech.maca@czp.cuni.cz

Abstrakt

Znalost hodnoty cestovniho Casu je nezbytnym predpokladem penézniho vyjadfeni ekonomickych
ztrat piisobenych kongesci. Uhrn ¢asovych dspor viech uZivateli vyjadfeny v penézich je nejcasté&ji
uvadénym prinosem/métitkem prinosu budovani nové dopravni infrastruktury. Od 60. let probéhla
v zahranici fada studii s cilem ocenit cestovni ¢as (value of time — VOT) a jeho Gspory (value of travel
time savings — VTTS) a stale Castéji také rozlisit jeho jednotlivé komponenty. RozliSuje se tak Cas
straveny v dopravnim prostfedku, ¢as na dochazku, ¢ekani, prestupy nebo zpozdéni. A existuji speci-
fické hodnoty pro uZivatele ruznych dopravnich prostfedkd, délky i tiCely cest. S vyjimkou pracov-
nich cest, se k ocenéni jednotlivych komponent cestovniho ¢asu nejc¢astéji pouzivaji metody netrzniho
oceriovani. PfestoZe dostupnd zahranic¢ni evidence ukazuje velké rozdily v hodnoté jednotlivych kom-
ponent cestovniho ¢asu a rovnéZ metody netrzniho ocetiovani byly v CR tisp&3né pouZity pii ocefiovani
environmentalnich statkd, specifické hodnoty cestovniho ¢asu jsou v CR spie ojedinélé.

Cilem tohoto prispévku je alesporn ¢astecné sniZit informacni deficit a predstavit vybrané odhady
komponent cestovniho ¢asu pro CR. Konkrétné se jedna o hodnotu variability cestovniho ¢asu a ¢asu
straveného v kongesci pro stfedné dlouhé tuzemské cesty (reprezentované trasou Praha-Brno). Vysled-
ky nasi valua¢ni studie ukazuji téméf dvojnasobnou hodnotu cestovniho ¢asu straveného v kongesci
ve srovnani s hodnotou cestovniho ¢asu v bézném provozu a naznacuji, Ze redukce kongesci a obecné
variability cestovniho ¢asu prinese, ve srovnani se zkracenim cestovniho ¢asu v bézném provozu,
vyznamné ekonomické pfinosy. Tyto poznatky také potvrzuji, jak dileZité je pfi hodnoceni pfinosu
dopravni infrastruktury rozliSovat mezi riznymi komponentami cestovniho ¢asu a mit specifické
odhady pro razné segmenty uZzivateld.

oo o o
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Klicové proménné ovliviiujici planovani trasy:
koncept ,,MaaS“ ocima uzivatela

Tomé4$ Vacha* (Univerzitni centrum energeticky efektivnich budov CVUT v Praze),
Hana Krepelkova (Central European Data Agency, a.s.)
*tomas.vacha@cvut.cz

Klicova slova
Mobilita jako sluzba, Participativni design, Dopravni chovani, Prostorova data, Dopravni planovani

Uvod

Prispévek predstavuje soucasny postup budovani konceptu Mobilita jako sluzba (Maa$), z pohledu
prostorovych dat a potieb cilovych skupin. MaaS pfinasi odpovéd na problémy mobility ve méstech, je-
likoZ umoziiuje uzivatelim nalézt nejefektivnéjsi zpisob pohybu po mésté i s ohledem na jejich speci-
fické pozadavky a zaroven zajistit jednou platbu za vSechny sluzby spojené s dopravou. MaaS podporu-
je vyuzivani multimodalniho pldnovani a udrZitelnych zptsobt dopravy. Pro vytvofeni funk¢niho
konceptu je zapotrebi velkého mnozstvi dat, jako jsou statistickd prostorova data, dynamicka online
data a data ziskana v rdmci prizkumu dopravniho chovani. Projekt, ktery je aktualné realizovan v Brné
ma za cil vytvorit pokrocily systém multimodalniho planovani tras zohledriujici potteby a preference
uZivateld se zvlaStnim dirazem na osoby se sniZenou schopnosti orientace a pohybu. Zakladem pro-
jektu vyzkum uZzivatelskych potteb a preferenci jednotlivych cilovych skupin jehoZ vysledky budou
promitnuty do modelu vyhledavaciho algoritmu a struktury zdrojové databaze prostorovych dat.

Metody a pouzita data

V ramci projektu jsou vyuzivany metody participativniho designu k identifikaci potfeb a preferenci
obc¢ant a faktora ovliviiujicich jejich dopravni chovani. Vyzkumny design stavi na tizké spolupraci
geoinformatiku se zastupci socidlnich véd a na vyuzivani tzv. mock-up verze uzivatelské aplikace, coz
umoziuje definovat naroky na proménné nutné pro planovani trasy a optimalizovat vyhledavaci algo-
ritmus i zdrojovou databazi prostorovych dat planovace jesté predtim, nez dojde ke vyvoji a spusténi
jeho finalni uzivatelské verze. V ramci prvni faze vyzkumu probéhla série pracovnich setkani
ainterview se zastupci uzivatelskych skupin v Brné, véetné spolku a organizaci zastupujicich cyKklisty,
seniory, fidiCe, osoby sniZenou schopnosti pohybu, osoby se smyslovym omezenim a dalsi. Pomoci
kvalitativni analyzy byly identifikovany zakladni kategorie potfeb uzivatel a faktora ovliviiujicich
jejich dopravni chovani.

Vysledky

Vysledkem prvni fize mapovani je seznam faktoru, které ovliviiuji vyuZivani rdaznych typd do-
pravnich prostfedki, pldnovani trasy a moznost kombinovat druhy dopravy. Na strané uzivatele 1ze
rozdélit proménné na statické (naptiklad fyzicka zdatnost, smyslové omezeni nebo vék) a dynamické
(aktualni preference, druh aktivity, spéch). Rozhodovani uZivateld déle ovliviiuji statické proménné
na strané prostredi (naro¢nost terénu, bariéry, zeler, infrastruktura pro cyklisty) a dynamické fak-
tory prostiedi (pocasi, dostupnost prostfedkd, dopravni situace). U¢astnici vyzkumu nepopisovali
pouze izolované proménné, ale také interakce mezi nimi. Napfiklad dést ma vliv na preferenci spo-
ju s krytymi ndstupnimi a pfestupnimi zastavkami. V rdmci procesu participativniho designu byly
zaroven definovany funkce idealni aplikace MaaS vcetné obsahu a formy prezentovanych informaci
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o riznych variantich trasy. DileZitym tématem byla bezpe¢nost, napfiklad hledini bezpe¢né trasy
na kole v dosud neznamém prostredi, nebo zohlednéni bezpecnosti pfi planovani trasy v noci.

Diskuze

Analyzovat proces planovani trasy z pohledu uzivatele je pfinosné pro vytvoreni takového systému,
ktery nabidne uZivatelim varianty tras, které na jednu stranu budou odpovidat jejich dlouhodobym
potfebam a moznostem (zdatnost, smyslové omezeni, mira mobility), a na druhou stranu daji prostor
pro zohlednéni aktualnich preferenci. Na zakladé zjisténych dat bude vytvorena mock-up MaaS aplik-
ace, kterd umozni uzivatelské testovani s cilem: a) zajistit soulad prezentovanych informaci (forma, ob-
sah) o jednotlivych variantach trasy s potfebami uZivateld, b) zvolit vhodna kritéria umozriujicich up-
ravit parametry vyhledavani uZivatelem, c) ochotu uzivatele poskytovat osobni informace a metadata
v zavislosti na jejich prezentované pfidané hodnoté, d) otestovat riizné formy prezentovani prvkd mul-
timodality (kombinace raznych prostfedku a prezentovani trasy jako celku), e) ovérit uzivatelské hod-
noceni funkci Maa$ (jednotna platba za sluzby, pausalni platby) a konecné f) ovérit soulad aplikace
s potfebami specifickych uzivatelskych skupin. Zpétna vazba ziskana pri testovani Mock-up aplikace
bude promitnuta do vyhledavaciho algoritmu a struktury zdrojové databaze systému. Tento pfistup
tedy umozriuje prostranstvim participativniho designu ovlivnit pfimo tzv. back end celého systému.

Zavéry

Cilem prezentovaného projektu je k optimalizace vyhledavaciho algoritmu a zdrojové databaze nanichz
1ze budovat systém MaaS prostfednictvim mapovani potfeb obyvatel mésta Brna a jejich dopravniho
chovani a testovani modelu uzivatelské aplikace. Prezentovany projekt stavi na tizké spolupraci so-
cidlnich expertii a geoinformatiki a vyuziva metody participativniho designu. V prvni faze byly pros-
tfednictvim kvalitativnich metod (rozhovory, kulaté stoly) zapojeni zastupci klicovych cilovych skupin
projektu, véetné osob se specifickymi potfebami (cyklisté, seniofi, fidici, osoby sniZenou schopnosti
pohybu, osoby se smyslovym omezenim a dalsi.). Vysledkem faze je definice proménnych, které je tfeba
zohlednit v rimci datové platformy systému MaaS.

Podékovani
Tento ptispévek vznikl za finan¢ni podpory MSMT v ramci programu NPU I & LO1605 — Univerzitni
centrum energeticky efektivnich budov — Faze udrZitelnosti.
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Od dat o dopravnim chovani ke spolujizdé autem

Michal Sindelaf (Nadace Partnerstvi)
michal.sindelar@nap.cz

Kli¢ova slova
dojizd'ka za praci, carpooling

S riistem blahobytu v Cesku se zvysuje i dostupnost osobnich automobild, at uZ novych nebo ojetych.
Naptiklad v Brné mezi roky 2007 a 2017 pfibylo témér 40 tisic osobnich automobild a jejich pocet dosahl
190 tisic v populaci 380 tisic obyvatel. Celkovy pocet motorovych vozidel v Brn€ potom Cini takifka 244
tisic. 60 % osobnich vozi jede v pracovni dny obsazeno pouze fidicem. V dasledku vyCerpani prostor-
ovych kapacit pro motorova vozidla mésta zavadéji finan¢ni regulaci parkovani, kterd mazZe zvyhodnit

vvrs

automobily s vyS$si obsazenosti — vice pasaZért se bude moct pod€lit o naklady na parkovani.

Vyznamna cast IAD je generovana dojizd'kou za praci. V projektu Movecit jsme se zamérili na tfinact
pracovist v sedmi evropskych zemich s cilem identifikovat opatfeni zvysSujici podil udrzitelné mobil-
ity na ukor cest automobilem obsazenym pouze jednou osobou. AZ na nékteré vyjimky to jsou pravé
cesty automobilem s jednou osobou, které jsou nejcastéjsim dopravnim prostfedkem tvoricim 40 az
60 % cest na pracovisté.

Modal split overview
Ljutomer 277 11% TG
Modena G757 19% A

BME o e 4s . 8% e
e e 30% 13%  NIEZNNY

Leipzig IES7EZ 21 33% 550
3% 15% 6% 4% oo

Litomerice - hospital 72 ez 14% 0 6% I
L s8% 4% 6% 12%  [I7R%

Leoben NG IT%Na% . 11% I

o sa% 5% 6% 20% 1A% 3%

Baden NImsaaiiese 1% 15% oY
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M car (single occupancy vehicle) m carpool
M transit bicycle
m walk B motorcycle

Graf 1—Délba prepravni prdce na pracovistich v projektu Movecit v roce 2017.

Zamétime se nyni na jedno konkrétni pracovisté v Litoméficich, na které se kona polovina cest auto-
mobilem s jednou osobou.
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Délka cest podle dopravniho prostfedku
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Graf 2 — Délka cest na pracovisté podle dopravnich prostiedkii, 2017
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Vidime, Ze u cest automobilem je nejvyssi podil nejdelSich cest, celkem 38 % cest automobilem se kona
na vzdalenost 10 a vice kilometra. V pfipadé Litoméfic se pravdépodobné bude jednat o cesty, které
nejsou nahraditelné ostatnimi druhy dopravy — pro chuizi a jizdu na kole se bude jednat o p¥ili$ velké
vzdalenosti a vefejna hromadna doprava v okoli Litoméric ma omezené moznosti.
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Obr. 1 - Ukdzky lokalit dojizdky autem na pracovisté.

Mozné sniZeni podilu cest automobilem obsazenym jednou osobou z téchto vzdalenéjsich lokalit
nabizi spolujizda autem. Podle zadanych lokalit, ze kterych zaméstnanci dojizdéji, je patrna spadov-
ost dojizdky. Vyznamny podil zdroju cest se nachazi bud ve stejné lokalité anebo na stejné trase. Jsou
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to cesty praveé z téchto zdroji, které v sobé nesou potencidl pro sniZeni podilu cest automobilem obsa-
zenym jednou osobou a zvySeni podilu cest spolujizdou.

Spolujizda automobilem je pro ¢ast zaméstnanct dopravujicich se autem moznou alternativou pro do-
jizdku do zaméstnani. Hlavni bariérou je vS§ak informovanost. V pfipadé vétsich pracovist se stovkami
a tisici zaméstnanci je ¢asto obtizné azZ nemozné se dohodnout na spolujizdé kvtli prosté neznalosti
cest do prace ostatnich zaméstnancu. Lidé sice dojizdéji ze stejnych lokalit anebo po stejné trase, ale
vzajemneé o tom nevi a nemohou se na spolujizdé dohodnout. V ramci projektu Movecit proto vznikla
aplikace predstavujici komunikac¢ni platformu pro zaméstnance na jednom pracovisti, diky které
se mohou dohodnout na spolujizdé do zaméstnani. Zamyslenym efektem aplikace je zvySeni obsa-
zenosti osobnich automobild pfi pravidelnych cestach do prace a zvySeni efektivnosti individudlni
automobilové dopravy.
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Obr. 2 — Ukdzka carpoolingové modulu aplikace Cesty mésty.
Kvyzkouseni na demo.cestymesty.cz.

Aplikace je chybéjicim ¢lankem pro domluvu spolujizdy. Idedlni scénaf pro pouZiti je na pracovisti
s vysokym po¢tem zaméstnancu v Fadu stovek az tisict, ktefi pravidelné dojizdéji na jedno pracovisté.
V ramci pracovisté se zaméstnanci registruji do aplikace svym pracovnim emailem. V aplikaci zadaji
odkud a kdy dojizdéji a jejich nabidka nebo poptavka spolujizdy se ndsledné zobrazi ostatnim kolegim
registrovanym v aplikaci. Motivace pro vyuZiti aplikace mezi zaméstnanci je primarné finan¢ni dspora
a sdileni ndkladl na dojiZdku mezi vice lidmi, motivace pro zaméstnavatele je zvySeni efektivity vy-
uziti parkovacich mist zvlasté v situaci jejich nedostatku.
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Hledani optimalni polohy stanic a zastavek
na tratich regionalniho vyznamu

Véclav Novotny (Institut plinovani a rozvoje hlavniho mésta Prahy, Fakulta dopravni CVUT v Praze)
novotny.v@ipr.praha.eu

Kli¢ova slova
Zelezni¢ni sit, Stanice, Zastavky, Shlukova analyza, Regresni analjza

Uvod

Prispévek se zabyva hledanim systémového nastroje pro umistovani stanic a zastavek na tratich re-
gionalniho vyznamu na z4kladé dat ze S¢itani lidu domu a byt 2011 (SLDB), Uzemné analytickych
podkladd CR 2014 (UAP) a dopliikovych informaci. Problematika regionalnich trati se fesi v Evropé
desitky let, kazdy stat pFistoupil k otazce dalsi existence ¢i neexistence jinym zptisobem. V CR je tato
problematika akcentovana zejména v poslednich dvaceti letech, tedy v dobé€, kdy je tento druh do-
pravni infrastruktury a dopravni prostfedky na ni provozované na konci své technické zivotnosti a je
nezbytné se rozhodnout co dile. Databaze obci byla podrobena korela¢ni, shlukové a regresni analyze
s naslednym cilem maximalizovat pocet cestujicich v dané stanici ¢i zastavce a maximalizovat tak
celkovy potencial trati pfi jeji pripadné rekonstrukei.

Hlavnim vystupem prispévku je souhrn doporuceni s rozhodovacim stromem a vzorcem pro maxi-
malizaci vyuZziti dané vlakové stanice i zastavky cestujicimi véetné doporuceni pro budouci sbér dat.

Metody a pouzita data

Préce vyuZiva data ze SLDB, data CSU pro UAP CR 2014 a dalsich dopliikové informace predevsim
z mapovych portald. Pravé komplexnost téchto dat umozriovala hledat systémovy nastroj. Na zakladé
vySe uvedenych dat byla vytvorena databaze 1350 relevantnich obci, kterymi prochazi traté regional-
niho vyznamu, obsahujici pro kazdou obec vybrané znaky, tj. demografické a tizemni charakteris-
tiky a informace tykajici se dojizdky a vyjizdky. Pocet znaku byl nasledné pomoci popisné statistiky,
analyzy korelaci, funkce t-SNE a relativizace nékterych znakt zredukovan ze 109 na 16. V databazi
relevantnich obci byly hledany shluky podobnych obci pomoci metod t-SNE, odhadu statické smési
komponent, DBSCAN a K-means. Vysledné shluky reprezentativnich obci dle metody K-means, ktera
byla vyhodnocena jako nejvhodnéjsi, byly podrobeny vicendsobné linearni regresi se zohlednénim
nahodné chyby a expertni analyze, na zakladé cehoz byl definovan algoritmus vybéru optimalni polo-
hy stanice ¢i zastavky na tratich regionalniho vyznamu.

Vysledky

Kazda z uzitych metod shlukové analyzy pracuje najiném principu, vzhledem k charakteru dat se v§ak
osvédcil pouze algoritmus K-means, ktery vytvoril pét disjunktnich shluki rozdélenych na zakladé
hustot osidleni, hustot osidleni v zastavénych ¢astech obci a vysoké dojizdky. V jednotlivych shlucich
byly vybrany obce, které maji dostatek relevantnich dat tykajici se vyjizdky a dojizdky vlakem a pouze
jednu stanici ¢i zastavku na svém tzemi. Z téchto obci byly vytvoreny tzv. shluky reprezentativnich
obci v poCtu 19, 117, 88, 10 a 38 obci, v kterych byla hledana optimalni poloha stanic a zastavek. Vliv
polohy stanice ¢i zastavky vcetné typu okolniho tizemi na pocet cestujicich se vSak ukazal jako malo
vyznamny. Z expertni analyzy se vSak potvrdilo teoreticky znamé pravidlo, Ze cestujici je ochoten
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k zastavce verejné dopravy vazit delsi cestu, pokud je to pro n€j vyhodné jinak, napriklad kratsi jizdni
dobou, krat$im intervalem mezi spoji, isporou finan¢nich prostfedk atd.

Diskuze

Z predlozeného vyzkumu predevsim plyne, Ze poloha stanice ¢i zastavky sama o sobé neni dominant-
nim prvkem v rozhodovani potencialnich cestujicich. Podstatna je totiZ celkova konkurenceschop-
nost vlakové dopravy vici jinym dopravnim modam. Celkoveé 1ze také konstatovat, Ze ¢im vice osob
ma moznost konkurenceschopnou vlakovou dopravu vyuZit, tim vice ji také vyuzije.

Kromé malo vyznamného vztahu umistnéni vlakové stanice Ci zastavky s mirou jejiho vyuziti cestu-
jicimi z prace s daty vyplynulo nékolik poznatkd pro zvySeni pfesnosti zpracovani celého algoritmu.
Z hlediska dat ze SLDB by bylo zejména tcCelné ziskat data tykajici se vyjizdky ve vétsi podrobnosti, coz
by znamenalo rozsirit dotaznik SLDB. Z hlediska dat sbiranych v ramci vyzkumu by bylo mozZné zjem-
nit ¢lenéni obci a ziskat data v terénu, avSak za cenu neimérného zvyseni naroc¢nosti prace.

Zavéry

Ze systémového hlediska se tloha nalezeni optimalni polohy stanice ¢i zastavky v obcich, kde prevazu-
je vyjizdka, redukuje na rozhodovaci proces a nasledna opatfeni a poté az naslednou tpravu polo-
hy stanice Ci zastavky tak, aby ji mohlo vyuZit co nejvice osob. Pfed vlastni Gipravou polohy stanice
Ci zastavky je nezbytné postupovat nasledovné:

Je vlak konkurenceschopny cestovni dobou do centra LLS / spadové obce?

Existuje konkurence v Lze realizovat nasledujici

podobé autobusu (kratsi qpati‘em'?

intervaly, vice zastavek)? Uprava trati (uvedeni do
normavého stavu/tprava

Existuje konkurence IAD GPK pro zvyseni

(MUK dalnice, dostatek rychlosti/optimalizace

parkovacich kapacit v cili zabezpecovaciho zafizeni)

apod.)? I‘jlasazenl'jin\’/ch vozidel

Uprava GVD

Realizace opatieni

Subvence vlakové dopravy (kratsi
intervaly, lepsi polohy spojti)
Restrikce autobusové dopravy
(sniZeni poctu spojd, zruseni)
Restrikce parkovacich kapacit v cili
cesty (ekonomicka, prostorova)
Zklidnovaci opatfenina siti
pozemnich komunikaci

Myto

Zahajit diskuzi o zastaveni
provozu [ zrueni trati

Optimalizace polohy
stanice/zastavky

Samostatné principy, dopliiujici rozhodovaci strom vyse, plynou pro optimalni polohu stanice nebo
zastavky pro obce, kde prevazuje dojizdka:

. Vlakova doprava musi byt ¢asové konkurenceschopna ve sméru dojizdky
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. Casové polohy spojtt musi vyhovovat za¢atk(im a konctim smén v cili dopravy

. Cil cesty musi poskytovat omezeny pocet parkovacich mist, nebo musi byt parkovani ekonom-
icky regulovano.

. Vlakové spoje musi mit dostatek stanic a zastavek u zdroji cest

Pokud nelze splnit vySe zminéné body u vice podniki (cili cest), je vhodné stanici / zastdvku budovat
tam, kde je nejvice zaméstnancu, idedlné bez velké specializace.
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Introduction

The knowledge of travelers’ behavior is essential for transport management and planning in the 21st
century. It can only be obtained by systematically measuring and surveying the spatial, temporal and
other aspects of the journeys. The Conference “Travel Behavior in Data” (Brno, October 31, 2018) aims
to open an interdisciplinary discussion on travel behavior data: how to collect, analyze and use it in
transport management and planning. The conference is intended for experts and transport specialists,
transport infrastructure managers, transport service coordinators, public transport operators, uni-
versities, independent organizations, interest groups and private consultancy companies in the field
of transport planning and management.

The conference proceedings you are currently reading comprise of extended abstracts of all the papers
that will be presented at the conference. The first part contains abstracts in the Czech language. The
second part is in English in order to make the content of the conference accessible also to the interna-
tional audience.

The first six abstracts are focused on collecting and using data from travel surveys. The first three
papers focus on measurement and collection methods. They present an overview of the development
of methods of measurement of traffic intensities (Neuwirth et al.), regular counting of bicycle traffic
in Ostrava (Krej¢i) and an example of measurement of traffic intensities using camera systems (Stofan).
The methods are followed by examples of an application of the data. The papers in this section touch
on innovative methods of processing and presentation of traffic intensities (Martolos et al.), probabil-
istic view on a highway’s capacity (Mikolasek) and data used for updating the macroscopic transport
model of Prague (Kfiz).

The remaining seven abstracts of the proceedings are focused on travel behavior surveys, both
in terms of methodological aspects of collection and utilization of acquired data. The contributions
in this chapter consist of an example of a construction of a representative sample (Gabrhel et al.), the
results of transport behavior surveys in small Slovak towns (Gogola) or the possible usage of residual
data of GSM operators in a study of transport behavior (Barta). The proceedings conclude with papers
on methods of measuring and estimating the value of time for the Czech Republic (Maca et al.), var-
iables influencing route planning (Vacha et al.), using data on travel behavior to facilitate carpooling
(Sindel4r), and on stations’ and stops’ optimal localization at regional rail lines (Novotny).

Wishing you an inspirational reading,

Petr Kouril
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The development of collection traffic intensity

Ing. Petr Neuwirth* (Centrum dopravniho vyzkumu, v. v. i.),
Ing. Jan Novak, Ph.D. (Centrum dopravniho vyzkumu, v. v. i.),
Ing. Adam Bystriansky (Centrum dopravniho vyzkumu, v. v. i.),
Ing. Radim Striegler (Centrum dopravniho vyzkumu, v. v. i.),
Roman Borek (Centrum dopravniho vyzkumu, v. v. i.),

Petr Becica (Centrum dopravniho vyzkumu, v. v. i.)
*petr.neuwirth@cdv.cz

Keywords
Traffic survey, Manual survey, Technical devices

Introduction

This paper deals with the development of traffic data acquisition from manual traffic surveys to surveys
conducted using technical devices. Our goal is to provide readers with an overview of the development
of the methods and technology used. At present, a paper form or manual input using a mobile applica-
tion is still used for surveys. Depending on the type of traffic survey, different methodology and tech-
nology is used.

The most frequent traffic surveys include profile surveys to determine traffic intensities on a specific
traffic profile with vehicle resolution on the category and the direction of movement. In addition, there
are directional surveys on intersections, where the aim is to find out the intensity of vehicles in each
direction (including category) and directional surveys within region or city, where the aim is to find
the direction of transport within the larger territorial unit (source vs transit). In addition, field surveys
are conducted to identify static traffic (parking).

Methods and data used

Profile Surveys

The easiest and often used manual method has been and still is to write to a prepared paper form
where you can distinguish between different vehicle categories, the direction of the vehicle or the lane,
as well as preselected time intervals (e.g. 15 or 60 minutes). The interface between the manual and the
technical method is the use of the mobile application. Among the technical methods, we include the use
of ASD (automatic traffic counter) designed to track single to two-band communication, or microwave
radar, which is designed to monitor intensities on multi-lane communications.

Directional surveys on intersections

The manual method is a paper form and recording only selected directions using multiple people for
each direction, or use of video footage (influenced by traffic load). The technical method is a camera
monitoring system located at a height above the communications and automatic post-analysis of the
video.

Directional survey in a region

The manual method is recording the vehicle ID and the time interval on the monitored profiles,
or transcribing the vehicle ID from the video (or even the audio recording). The technical method is an
automatic analysis of a vehicle ID by video recording either in post-analysis or online in real-time.
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Area parking surveys
Manual method is manual registration of vehicle ID on paper, the technical method is a camera system
on a vehicle that recognizes in real time vehicle ID in relation to their position.

Results

Manual survey methods require the presence of a person (counter, supervisor, organizer, controller).
From the point of view of staffing, they are demanding. On a one-way communication profile, one per-
son is required for each lane (this number can be increased by the traffic load). Subsequent transcrip-
tions of data from the form into electronic form require additional time. These surveys are suitable for
a short period of time (up to 12 hours). Techniques of exploration are beneficial in allowing long-term
exploration (days, weeks, months). Additionally, it is possible to obtain data on speed, time interval,
length and exact time of the passing of individual vehicles, which can then be used for more detailed
analysis. The vehicle category is determined by its length in a profile survey. It is advisable to realize
a calibration check.

Technical devices can be also used for directional intersection surveys. An advantage is any time in-
terval and recording of all categories of vehicles including bikers and pedestrians at pedestrian cross-
ings. One person’s supervision is appropriate for the device. The video-analysis of the field survey al-
lows you to obtain the vehicle ID, the type of vehicle and its category by recognizing the shape of the
face mask. In a technical survey of parking, one reconnaissance vehicle equipped with the technol-
ogy can handle large territorial units for a specified period of time. Vehicle ID and its localization
is known almost immediately. These data can also be used for subsequent directional regional surveys.
For example, in Prague when parking zones are controlled, the vehicle can record an average of 20,000
RZ during an 8-hour shift.

Discussion

Based on the above description, it is possible to conclude that it is most advantageous to use the tech-
nical devices. However, this is not always true. It is necessary to take into account the type and range
of the traffic survey. Technical devices should be used if there is a requirement for high data accuracy.
At the same time, consideration must be given to the feasibility and feasibility of the survey. Counter
(a person) is subject to stress, fatigue, and his biological needs. These factors affect data quality. The
technical means are not subject to these influences. Its downsides lie above all in the cost of its pur-
chase and maintenance.

Profile surveys, therefore, make use of technical devices when it comes to medium or long-term sur-
veys. Large-scale surveys (several hundred profiles) such as nationwide traffic aggregation have so far
been using advanced manual methods using a mobile application with online data transfer. Here, simi-
lar quality of the result has been demonstrated in comparison with the technical devices, but at a lower
price and a lower logistical difficulty. For less loaded intersections where one person can handle the
counting, a manual method is used for the short survey period (or, if necessary, the exchange opera-
tions of the counter). In regional direction surveys, the technical methods provide more efficient solu-
tion as these surveys are usually large in terms of area and their duration. Regional direction surveys
clearly win the technical method (usually large range and duration).

Conclusions
The following factors should be taken into account when selecting the method and carrying out
a traffic survey:
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. Influence of accuracy and time — in the manual method, attention span of a counter decreas-
es with the length of the survey, and thus the error rate is rises, while for technical devices,
a certain acceptable error rate is still the same.

. Influence of the range of survey and funding —in the case of extensive surveys on multiple lo-
cations at one time, it is necessary to consider the financial difficulty of purchasing of technical
devices that is worthwhile only if repeating such surveys. In the case of it is a one-time survey,
itis financially advantageous to carry out surveys manually with the help of hired persons for
counting.

. Effect of survey purpose —it is necessary to determine what data we need to measure and what
it will be used for. For example, it is possible to find the tentative peak intensity in the pro-
file, or some junction current, with a manual method as installation of the technique would
be unnecessarily time-consuming. For example, a fairly simple installation of a statistical ra-
dar including a simple calibration record takes about 40 minutes, we also need to add subse-
quent download and data processing in the office. Therefore, if we need 30-60 minutes inten-
sities that one person can record, the techniques used are not time advantageous.

Acknowledgement

This contribution was created with the financial support of the Ministry of Education, Youth and
Sports as part of the National Sustainability Program I project, Dopravni VaV centrum project (LO1610)
and the research infrastructure acquired from the Operational Program Research and Development
for Innovation (CZ.1.05/2.1.00/03.0064).

oo o o

O OO0



e O O O

Konference Dopravni chovani v datech « 31.fijna 2018

The methods and the results of counting
of bicycle transport in Ostrava
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Abstract

Since 2000 Transportation Department of the City Authority of Ostrava (OD MMO) has been ordering
regular traffic counting of the volumes of bicycle transport in the interval of five years. The counting
is made by the group of co-workers at chosen significant crossroads of bicycle paths. Also OK deal with
this mode of transport during regular or special transport surveys. Czech Directorate of Roads and
Highways do the same survey within republic traffic survey. When works on Sustainable Urban Mo-
bility Plan (SUMP) had been processed, cyclists were counted as well. Finally, an automatic counting
machine was installed at the very end of 2016. Because of excellent results installation of new three
counting sites have been finished recently.

Methods and Data Used

Bicycle transport counting in 2006, 2010 a 2015 was surveyed by DHV CR, i.e. HaskoningDHV CZ, the
order was placed by OD MMO. The hired counters made the survey under the control of the bicycle co-
ordinator. The counting hours were settled as most suitable —on Wednesdays and Fridays from 1.p.m to
5 p.m., on Sundays from 4 p.m. to 8 p.m.

Since 2000 there are also recorded the data of traffic volumes of cyclists made within Republic Traf-
fic Volumes Counting. The data are implemented into the pictures of traffic volumes. Supposedly, the
census was also made by a group of hired counters.

OK deploys own survey because of the need of updating traffic signals plans ordered by OD MMO. Also,
pedestrians and cyclists are parts of this survey. Obviously, the most important crossroads with high
traffic volumes of cars are not usually used by cyclists. Surveys are also made with the help of counters
and the data were put into the pictures.
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Picture Nr. 1 - Traffic Volumes of Bicycle Transport (Sunday Afternoon)

When working on SUMP substantial transport surveys were made by the chosen contractor AF-CITY-
PLAN. They dealt with 28 bicycle transport hubs and 36 crossroads. The survey was organised with
local counters, and its results were used for modelling of possible development in 2020 and 2045.

The city-owned company OVANET operates traffic cameras at more than 40 major crossroads in the
city. Live-stream is available to everyone and authorised users also can observe the traffic flow in period
of several days (because of crime or similar investigation while taking in consideration GDPR rules)
so that the figures of bicycle passed could be easily taken.
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Picture Nr. 2 — View from Traffic Camera

At the very end of 2016 Nadace Partnerstvi ordered by OD MMO installed the first non-motorized au-
tomatic counting machine. It monitors the proposed Eurovélo bicycle track. More three machines were
put into operation in August. The data are counted through installed traffic loops and recorded to the
automatic memory system.

Results

It should be mentioned that because of the development of the bicycle paths network (in 1989 — 0 km,
nowadays — 251 km) the data could not be considered in an absolute way. The cyclists could have used
another direction or diversion before the part of the network was established. However, it is clear
the gradual completion of the network means an increase in traffic volumes. On the other side, it is
not a linear tendency. While in 2006 largest traffic volumes of cyclists were found between 800 and
900 units in both directions, in 2015 it increased to almost 1,200 cyclists (remember: it were differ-
ent cross-profiles). Ostrava seems to be the city, where bicycle transport is used more for recreational
purposes, but the growth is also seen in the city centre during working hours. Anyway, the data taken
on Sundays are the top.

In September 2014 when making SUMP surveys, the bicycle highlight was recorded The top result was
2 915 bicycles gone through counting site in 16 hours in both directions as well.

The results from automatic counting machines confirm the bicycle is used in all the seasons (of course
not by all the users). More than 100,000 records were counted in 2017 and the cyclists were 86 per
cent of them. This year is better and the tops (thanks to better weather conditions) raised more than
15—27 percent.

Month Altogether Pedestrians Cyclists
December 2016 1,321 645 676
January 2017 976 590 386
February 2017 1,175 668 507
March 2017 5,889 1,276 4,613
April 2017 7,931 1,493 6,438
May 2017 15,184 1,595 13,589
June 2017 17,903 1,537 16,366
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July 2017 17,384 1,953 15,431
August 2017 16,571 1,301 15,270
September 2017 7,445 1,111 6,334
October 2017 6,048 1,009 5,039
November 2017 2,697 754 1,943
December 2017 1,450 621 829
January 2018 1,676 756 920
February 2018 806 460 346
March 2018 3,431 967 2,464
April 2018 18,987 1,911 17,076
May 2018 21,134 2,221 18,913
June 2018 15,033 1,952 13,081

Sheet Nr. 1— Automatic Counting Machine - Figures

Discussion

Regular bicycle counting once in 5 years period as well as newly installed automatic machines give the
real picture of the development of bicycle regular and recreational transport modes. The data could
be verified or updated from traffic cameras. It helps to be more convenient with the ratio between sea-
sonal and annual volumes and ratio between regular and recreational traffic at the important bicycle
network tracks. Data could be also confronted with many others as surveys made by OK or results
made in 2014 when SUMP had been prepared. OK have the proper software and hardware neces-
sary for traffic modelling, OD MMO suppose them to prepare new bicycle transport model compared
to SUMPs one. The very necessities for the development, maintenance or improvement of bicycle net-
work could be identified easily.

Conclusion

Thanks to the fact that the bike sharing system was introduced in May 2018 in the city centre and
surroundings the rapid bicycle growth usage has occurred. The provider — Rekola — has successfully
implemented its bike-sharing system (more than 1,000 bike loans a day) and plans the widening of the
served area in other city districts. Significantly the needs of politicians and public will be wider as to
the change of traffic signing and however for wide spreading of bicycle paths (unfortunately many bike
sharing users are not common with using carriageway and feel better on sidewalks which is extremely
dangerous in the centre area). That is why we assume the need for intensive traffic counting of cyclists
in these areas is necessary. The main reason is to adopt good improvements for bicycle transport until
damage or injury occurs.
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Innovative methods for rapid retrieval
of multipurpose traffic data from camerarecords

Daniel Stofan (GoodVision s.r.0.)
daniel.stofan@goodvisionlive.com
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Traffic, smart city, cameras, artificial intelligence

Introduction

Current data collection methods on travel and transportation infrastructure are generally inefficient.
They are either resource-intensive or time-consuming, leading to infrequent analysis or analysis based
on small samples or outdated data. The organization’s ability to respond to needs is therefore limited
by existing data collection and evaluation techniques.

Traditional methods of collecting traffic data include human surveyors in terrain or from a video, inva-
sive techniques using magnetic or piezo-sensors, radars and also the traditional machine image anal-
ysis. Human surveyors require organizational costs, they have a high degree of inaccuracy up to tens
of percent, and evaluation of results is time-consuming. They also provide only the one-purpose data.
Invasive sensors are difficult to install and replace in the case of road modifications and have limited
capabilities. Traditional methods of computer vision also have limitations such as high dependence
on scene setup, climatic conditions or traffic density.

Thus, a question arises: how to get reliable traffic data quickly and completely automatically?

Methods

In a race for a system which can analyze camera footage reliably artificial intelligence with it is deep
learning paradigm seems to be the winning answer. To overcome the limitations of the traditional vid-
eo-analytical technology we have decided to create the top-notch Al for visual recognition and offer
it to masses.

GoodVision’s product called Video Insights, retrieves multimodal traffic data even from a large number
of camera recordings automatically —within 1 hour. The product recognizes 8 classes of traffic objects,
with their real trajectories and other attributes, without prior knowledge of the search conditions. The
product provides advanced data analysis, visualization and managerial reporting - all in a single plat-
form covering the whole process, from the traffic data collection data to the decision making.

Moreover, the artificial intelligence used in the product is being constantly trained and optimized for
reliability in typical real-world scenarios with cameras in their current positions.

Results and outputs

GoodVision detects and classifies objects such as cars, pedestrians, trucks, vans, buses, bicycles, mo-
torcycles, and animals and tracks their behavior during their presence on the scene. The Al can han-
dle day-time and night-time scenarios and different weather like rain, fog and snow. It also handles
crowds where it detects individual objects even if they are partially occluded. Algorithms used in the
product are resilient when it comes to camera shaking and movement. The algorithms detect objects
in motion as well as static objects.
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Traffic data counting from Video Insights can be used to count traffic, to analyze complicated traffic
flows, to display traffic statistics and its development over time. There are also heat-maps displaying
very frequent places or places where traffic slows down. Outputs of analyses can be also exported to an
external MS Excel file.

Video Insights receives video footage at the input and produces anonymous data at the output. Our
process stores anonymous object metadata which don’t allow re-identification of it in any way.

Discussion

There are 500 million surveillance cameras worldwide, producing 15 billion gigabytes of data weekly.
This number doubles every 2 years and it is obvious that today, and in the future, most of the recorded
camera footage will not be reviewed by human eyes. It is far beyond human capacity to do so.

Video Insights is a fully cloud service (SaaS) able to scale accordingly to client’s needs. Whole batch
of camera recordings from the client is processed within couple of hours.

GoodVision Video Insights extracts objects and events from the video completely, provided data
is permanent for future analysis and business intelligence. The product offers data visualization
of object trajectories fully according to user-specified queries. It also provides multiple user filters
which allow user to repeatedly perform unlimited analyses.

Conclusion
The need for robust data on the transportation infrastructure in the city is paramount to better under-
stand performance and improvement needs and support informed and effective investment decisions.

With advances in artificial intelligence and computing capacity, there is a significant opportu-
nity to understand infrastructure performance in a short time and to respond to any questions
on transportation issues with much more detail than in the past, at a much faster rate, and in a cost-ef-
fective manner.

GoodVision Video insights is an example of a tool allowing reliable automation of the data processing,
thus increasing operational productivity, together with user-oriented design of the software. It is a tool
allowing any organization to do things in the same way as hi-tech corporations, yet simple enough
to use without any knowledge or training.

More at www.goodvisionlive.com.
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Introduction

Traffic volume data (the number of vehicles passing through a section of the road over a certain peri-
od) is the basic information indicating the importance of road. By default, this data is collected by the
administrators of roads and presented by a table or a static image. Another option is to estimate traf-
fic volume across entire road networks using a mathematical model. Data serves a narrow group
of experts — traffic engineers.

The new software options, together with the change of data access —the “open data” and the “big data”
approach enable the use of interactive data presentation methods for both the exploratory analysis
of the existing traffic situation (for finding out problematic locations and times) real-time modeling
of minor changes in the city’s transport network (closures, new sections, capacity change). Such ap-
proaches to traffic data allow us to extend the number of users of these data, enable political repre-
sentatives of our cities to make more informed decisions, and the public can be better informed about
the traffic situation.

Methods and used data

Computer models of urban road networks have been developed for decades. Together with the develop-
ment of computer technology, the way of creating models and their outputs has also gradually changed.
The most common output, which is the same for several decades, is the static cartogram of traffic vol-
umes — a simplified scheme of the road network with the number of vehicles passing through the given
section of the road (for example per day).

The model is made up of a road network and data on transport relations (from where — how many ve-
hicles are heading).

For example, the city of Pilsen, Czech Republic, has its model created in the CUBE software. The model
network has a length of 854 km, contains 4,789 nodes (intersections) and 5,407 intersection sections.
The territory of about 372 km?, which is divided into 339 zones, is modelled.

The outputs were used by transport experts and provided as a basis for designers, or for assessing noise
and transport emissions. In some cases, the simplified picture is attached “for interest” to the political
representation of the city.

Results
The bottleneck of the contemporary approach consists in the way the traffic models are currently cal-
culated. The calculation is processed in a desktop environment by a traffic engineer who receives input
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(information, data) from the city. Whenever the city officials define a new scenario, the communica-
tion between the city and traffic engineers starts, and it can easily prolong the time required for a new
scenario calculation with days or even weeks.

A contemporary policy-making cycle focused on decision making related to mobility and modelling
traffic in a city, or aregion (i.e. the Area Of Interest) is as follows:

1.

2.

3.

4.

Creation of a basic traffic model describing the typical flow of traffic in the area of interest.
Definition of alternative traffic scenarios (road closure, new road, etc.)
Calculation of alternative traffic models, portraying alternative scenarios

Presentation of the traffic models to city officials and discussion on alternative scenarios

The PoliVisu improvement of such a transportation-related policy-making cycle consists in shortening
the time needed for alternative scenarios calculation to seconds or minutes (depending on the road
network size). Following procedures are followed and PoliVisu architecture components used to do so:

1.

An initial basic traffic model is calculated in the traditional way by traffic engineers that posse-
ss in-depth knowledge about the area of interested (demography, road network, traffic census)

A client/server solution (see figure O) is developed and implemented to:
e) Interactively gather user input (road closures, new road planning, etc.)

f) Generate alternative traffic models near real-time (sec/min)

Talking technically, the Spark Traffic Modeller (STM) works as follows:

1.

The basic traffic model is calculated in a desktop traffic modelling software such as OmniTrans
or Cube.

Only the source data (demography, network, calibration points) are then imported to a Spatial
Database Management System (SDBMS) like PostgreSQL with the PostGIS spatial extension.

The data is then uploaded into the RAM of a distributed server. The Spark Traffic Modeller
(STM) then calculates its instance of the basic traffic model which is then held in the RAM
of the running server (STM basic model).

The STM basic model is aligned with the desktop basic model (step 1), the conformity to the
desktop model is evaluated, and the STM basic model is re-calibrated if needed

Once the STM basic model is ready, it persists in the server memory and is available for interac-
tive work through a web-based map client.

A user can then alter the following parameters of the STM basic model:

g) Close aroad to simulate a road closure

h) Change the capacity of a road to simulate narrowing or extension of the road
i) Draw a new road and enter its capacity to model a potential road development

j) change the traffic generator parameters ~ simulate events in the area of interest (for exam-
ple, simulation of parking during a sports match) ~ not yet implemented
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7. Each time a user changes a parameter, an alternative STM model is instantly recalculated and
visible for him/her only.

Discussion and conclusion

It is clear that current computing capabilities and advances in data collection, sorting and analysis
allow new engineers to analyze and present their results. While the benefit of a faster opportunity
to simulate the impact of transport measures, it is important that data processing and interpretation
is carried out by experts who know the limits of the communication network models.

The Spark Traffic Modeler (STM) is the core component of the Interactive traffic volume modelling pro-
cess. STM is a tool for transportation modelling and is written for the Apache Spark framework that
is scalable, and it can easily run on large clusters. As a result, the city model can be recalculated close
to real-time (interactivity).
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Introduction

The presentation discusses the highway capacity and its measurement. Capacity is considered as a ran-
dom variable changing over time depending on the range of other (quasi) random variables like weath-
er, vehicle fleet composition or physical and mental qualities of the drivers. It is defined as traffic flow
intensity leading to congestion. As one of the first, Minderhoud et al. (1997) presented a method based
on the Kaplan-Meier estimate (Kaplan & Meier; 1958), also called product limit method (PLM), in their
highway capacity measurement comparison article. Its advantage compared to the traditional methods
(e.g.norms, fundamental diagrams, chosen maxima, queue discharge flow) is mainly the accuracy and
detail of the highway capacity description (assuming enough quality and well-processed data) which
can be utilized in traffic engineering and telematics applications such as queue prediction. Its outcome
is a non-parametric survival curve which de facto describes the probability of a queue onset at given
traffic flow intensity. The use of the method is illustrated on a comparison of the capacity before and
after the activation of a mobile telematics system ZIMPANAGER for freeway work-zones.

Methods and data

The traffic data was obtained during a pilot test of the mobile telematics system ZIPMANAGER at a
work-zone on freeway D5 in km 31.04—36.22 in autumn 2016. The system uses variable traffic signs
to harmonize the traffic flow (mainly by limiting the allowed speed) and postponing the onset of a
queue based on current traffic data from detectors upstream from the work-zone.

The raw data from a detector ca 100 m upstream from the beginning of the work-zone in the form
of recordings of the passage of individual vehicles were aggregated into one- three- and five-min-
ute intervals. Trucks are considered as an equivalent of two passenger cars. The time of queue onset
was defined by a decrease of the traffic flow speed under 40 km/h. The directly preceding intensity
is considered capacity and an “event” for use in PLM. The intensities further back which did not cause
congestion while the speed was above 40 km/h are considered as censored data in PLM. Five-minute
aggregation interval is used to estimate the capacity.

Given the qualities of traffic flow which does not conform to some PLM premises the obtained surviv-
al curve does not correctly show survival rates at each intensity (strictly speaking it is not a survival
function). Therefore, parametric survival function estimation methods and their fitting are explored
so that the survival function correctly described the probability of queue onset.

Results

The performed analysis has three distinct outcomes. One of them is the method of processing data
for use in survival analysis. The presented method looks feasible (multiple approaches were tested) for
cases with a reduced number of lanes. However, others would be more appropriate for different traffic
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and measurement layout. Use of data fusion from multiple detectors could be very useful to ensure
that the queue indeed started at the measured location as a direct result of the measured traffic flow
intensity. The definition of the queue onset and the aggregation interval appears to be one of the key
parameters affecting the reliability and accuracy of the results and their interpretation.

The second result is the proving of the feasibility of using a survival analysis approach to the capacity
measurement. On the contrary, the use of PLM showed as not appropriate (see discussion).

The last results are the survival functions or the capacity distribution functions describing the proba-
bility of queue onset in relation with traffic flow intensity (see graph) under natural operation and after
the activation of harmonization schemes of the ZIPMANAGER system.
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The graph shows the non-linear progression of the probability of queue onset. However, given the
lower occurrence of high intensities, the distribution of queue onset within the range of 100-160 pas-
senger car equivalents per five minutes is almost linear. The harmonization of the traffic flow via the
ZIPMANAGER system reduced the probability of queue onset by about 40—45 %.

Discussion

The findings can significantly contribute to the research of highway capacity. The developed processes
are a good base for further research in the field of stochastic capacity measurement and its practical
applications. The obtained basic collection of methods for data processing can be further tweaked for
different application settings. Especially using of more detectors appears to be useful with regard to the
control of queue “spilling out” of the work zone itself in front of it. The inability to control this is one
of the limits of this study. It should not significantly affect the basic principles but makes the resulting
survival functions less reliable.

It turned out that the properties of traffic flow (intensity does not grow linearly) make PLM unsuita-
ble for application to highway capacity. This issue can be overcome by parametrization of the survival
function and its appropriate fitting. The length of the aggregation interval, the queue onset definition
for different measurement setting, or the passenger car equivalent for trucks are possible topics for
further research.
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Despite the mentioned limitations of this study, the traffic flow harmonisation effect on the reduction
of the queue onset probability is without a doubt positive.

Conclusions

The existing literature does mention PLM and stochastic methods of capacity estimation but does not
provide a definite guideline on how to process the raw data. Several approaches were trialled, and one
suitable for work-zones was identified. The knowledge that different data processing methods can
be useful for different measurement layouts and the chosen approach may not be suitable under differ-
ent circumstances is also valuable. The key finding is that the survival function obtained through PLM
does not reflect reality. The collection and processing of data make this approach to capacity measure-
ment relatively difficult and suitable especially for well-defined bottlenecks. The accuracy and depth
of description of the capacity properties are important advantages, nonetheless.

Comparison of the survival functions before and after application of the ZIPMANAGER system har-
monization allows efficient evaluation of its contribution to delaying queues.

A software that would use the parametric capacity distribution, distribution of queue discharge flow
after the capacity drop and traffic flow model to predict queues and travel times in freeway work-zones
is currently under development.
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Introduction

Technical Administration of Roadways of the City of Prague (TSK) is a municipal organization which,
among other things, deals with transport-planning and transport-engineering tasks in the territory
of the City of Prague and, in certain cases, the Central Bohemian Region (so-called Prague Metropoli-
tan Area). For this purpose, TSK manages the macroscopic transport model of Prague and its surround-
ings for a normal working day, which is only counted from the traffic surveys in the periods with the
highest demand in the year - spring and autumn (April, May, June, September, October, November) ac-
cording to a specific methodology valid only for Prague. This methodology is justified due to the spe-
cific conditions of Prague —in this very high road traffic — it is better in Prague to assess and propose
the infrastructure for these values.

In the rest of the country, the average day is calculated according to the national methodology as the
annual average daily traffic (RPDI), including the influence of the lower demand period, such as the
winter months (January, February, partly even March), summer holidays (July, August), Christmas, etc.

Data on land use and transport behaviour surveys are acquired at regular intervals. These data are
essential for the demand part of the transport model. In the paper, we show the changes in values
of trip rates from these surveys. Surveys took place between 2005 and 2016. These results are shown
about changes in the methodology of data collection and in relation to the results of similar surveys
in Germany.

Methods and used data

The multimodal calculation uses travel behaviour surveys as the main source of data. Surveys
on residents of Prague were conducted in 2005, 2010 and 2015. In 2010 and 2015, the sample was ap-
proximately 5,000 respondents, in 2005 the sample was approximately 11,000 respondents. In 2005
and 2010, data were collected by the method PAPI, in 2015 by the methods CAWI and CATI. The sur-
vey of the residents of the Central Bohemian Region was carried out in 2016. The method of sampling,
its size and method of data collection was similar to that of the residents of Prague in 2015. The pop-
ulation was in all cases people aged 6 and over. The data was collected for a so-called typical (aver-
age) working day. The typical working day was defined as Tuesday, Wednesday or Thursday in the
months of March to May and September to November in weeks in which there were no holidays, special
non-working days or special events that could affect the mobility of the respondents.

Results

One of the basic characteristics of travel behaviour is the so-called trip rate. For example, we can ex-
press it as the number of trips per person and in a typical working day. In the graph in Fig. 1 the values
indicate the number of trips per person determined in surveys of travel behaviour conducted since
2005. There are also given similar values from surveys “Mobilitdt in Deutschland 2008” (MiD 2008)
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and “Mobilitdt in Stadten — SrV 2013 “(SrV 2013) recently conducted in Germany. It should be noted that
in Germany the number of trips is for all residents, whereas for TSK Praha the number of trips is for
all residents aged 6 and over. If we take into account the data from MiD 2008, the effect of inclusion
of residents under the age of 6 may correspond to a decrease of 0.05 per person per typical working day.
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Fig. 1. Comparison of trip rates from particular surveys

Fig. 2 shows the selected cases of Fig. 1 divided into 3 basic transport modes: PuT (including combina-
tion with PrT —e.g. P+R), PrT and slow mode (cycling and walking together).
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Fig. 2. Comparison of modal-split from particular surveys

Discussion
The total number of trips per person in Prague shows a marked increase between 2010 and 2015 (see
Fig. 1). The figures for the years 2005 and 2010 are relatively comparable, the value of 2015 is higher
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by approximately 0.6 trips compared to the value of 2010. The value of 2015 is comparable to the values
from the German surveys. The value from Central Bohemia is also with the value from Prague of 2015,
although the difference is even more noticeable.

When dividing the total number of paths into individual modes (see Fig. 2), the number of trips
in Prague between 2010 and 2015 increased in all monitored modes, but the most noticeable increase
is in slow mode, where it is approximately 0.4 trips. This difference can be explained by another way
of data collecting. In 2005 and 2010, there was an interview when each trip was filled in sequentially.
During sequential filling, the respondent could shorten the sequence compared to reality during the
filling of the questionnaire. On the contrary, in 2015, the respondent indicated first all the places he had
visited during the day and then he had to complete the required data on all paths. The completeness
check of the completed list of places was then carried out, and the respondent then filled out the re-
quired data for all trips.

Conclusions

Based on the showed data from travel behaviour surveys described above, we believe that the differ-
ence in trip rate between the Czech Republic and countries such as Germany or Austria is negligible.
To confirm these conclusions, we need to analyse data from other surveys as well. We consider the
ongoing nationwide survey “Cesko v pohybu” to be crucial.

We also ask ourselves whether to extend the survey population to a group of people aged 0-5 years.
This group is directly related to specific momentum for some travel purposes (pre-school facilities) and
can play an important role in some transport planning tasks.
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Introduction

Travel behaviour surveys represent a crucial source of information for strategic transport planning,
including sustainable urban mobility plans (Gabrhel, Koufil, & Melzer, 2016). In order to assure rep-
resentativity of the findings for the inhabitants of the relevant area, it is necessary to ensure appro-
priate sampling procedure (Koufil et al., 2018), which includes steps such as determining the area
of interest, sample size or season(s) of data collection. Furthermore, these factors, determining where,
how much or when will be data collected are themselves determined by the intended use of data,
as well as available financial measures and time. Thus, some compromise is usually made. This text
describes how such compromise could be achieved on a case study of sustainable urban mobility plan
(hereafter SUMP) Litomeéfice, as well as it shows the results of this compromise.

Litoméfice is a town with 24 045 inhabitants (CSU, 2018), located on the conflux of the rivers Labe and
Ohfe in the Ustecky region. The town’s spatial distribution is monocentric with the historical centre
and suburbs. The latter area consists mainly of family houses and several housing estates in the west,
north, and northeast part of the suburbs. Moreover, almost 60 thousand people inhabit the whole ad-
ministrative area of LitoméFice (i.e. SO ORP; CSU, 2018).

In 2017, the town began with preparations of SUMP through the eFEKTA project. The four-step travel
model is one of the key outputs of the project, as well as it is the main analytical tool of this SUMP. Un-
derstandably, the needs of the model significantly influenced the nature of the travel behaviour survey
in Litoméfice, i.e. one of its primary data source and the subject of analysis of this text.

Moreover, the QUEST project preceded (Mésto Litomérice, 2016) the SUMP Litomeérice and its goal was
to analyse and summarise previous strategic documents related to the transportation development
in Litométice. The QUEST project identified several domains of interest such as cycling or parking.
As a result, these domains were accented in the travel behaviour survey in Litoméfice, e.g. through
the focus on the share of cycling in the modal split or attitudes of the inhabitants related to cycling
(Gabrhel, 2018).

Methods

First of all, the geographical area along with the population relevant for the travel behaviour
in Litoméftice was defined. A geographical area could be determined by the deductive or inductive
(travel-to-work or TTWA) approaches, designed for defining functional town regions (Mulicek &
Kozel, 2012). The decision to use the former or latter approach depends on the character of the set-
tlement structure. Also, both approaches could be combined. Either way, a region is defined through
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the algorithm of delimitation (Coombes, Green, & Openshaw, 1986; Mulicek & Kozel, 2012) so that
the defined region maximises the share of travel relationships within this region and minimises the
share of travel relationships across the border of this region. In the case of travel behaviour survey Li-
toméfice, both procedures were combined. Firstly, the TTWA region for the Litoméfice region was de-
fined at the level of 80%. As a result, this region covered other sizeable towns (e.g. Lovosice or Terezin).
In addition, the region was reduced in terms of its size by defining the functional catchment area
of Litoméfice. Finally, the borders of the two defined areas were compared, and this comparison re-
sulted in the final geographical area, smaller than the TTWA region itself. In other words, the spatial
basis of the travel behaviour survey was defined.

Estimation of the sample size followed. The sample size was determined on the basis of the transport
planning needs, i.e. the required level of detail and precision, but also in regard to the practical as-
pects of the data collection, namely time financial. When it comes to the transport planning needs,
the requirements of the SUMP were not defined in advance. Thus, they were clarified after the com-
munication between the processor (Transport Research Centre or CDV) and the contracting authority
(Litomeéfrice). Firstly, the studied area was separated into two zones: a) Litoméfice and b) surrounding
towns. Overall, 80% of the sample size was allocated to Litoméfice and 20% of the sample size to the
surrounding towns, with the minimum sample size of 800 households. The proposed ratio was de-
termined so that the sample size in terms of the number of trips for the area surrounding Litométice
was the smallest possible, yet meaningful at the same time. The practical aspects included available
funding, the situation at the market (price for the successfully interviewed sampling unit tend to vary
over time) or limited time interval for the data collection. This survey cost 673 thousand CZK (i.e. circa
27 thousand EUR) for the 930 successfully interviewed households. Originally, the survey should have
started in the June 2017; however, the project manager decided to postpone both the beginning (Sep-
tember 2017) and the end (December 2017) of the data collection. However, the pilot experiment that
tested the procedure was run at the beginning of June 2017.

The data were collected via multistage probabilistic (or random) sampling procedure. The first step
of the data collection consisted of stratifying the sample into two areas according to the spatial defi-
nition described in the previous paragraph. The second step followed with selecting addresses along
with their respective household on a random basis.

Results

When it comes to the socio-demographic variables such as gender, age or achieved level of education,
the observed values in the sample are similar to the population parameters (based on the census from
2011).

Overall, 901 households (Litoméfice = 726, surrounding towns = 175) with 814 cars, were successfully
interviewed. Moreover, there were 1,791 persons in the sample, out of which 80 % conducted together
3,156 trips (the residents of Litoméfice made 2,444 trips). In order to successfully interview 901 house-
holds, a total of 25 inquirers needed to contact 1,276 households. Thus, the response rate equalled
to 70%.

Out of the total of 2,444 trips in Litoméfice, circa 1% (i.e. 25) was conducted on a bicycle. Consequently,
the absolute sampling error Ea = +0,39%. In this scenario, within 95% confidence interval, we would
expect to find the share of trips made on a bicycle between 0.61% and 1.39% in 95% of all cases (see
the equation 1). Thus, the absolute sampling error (or the share of the absolute sampling error and per-
centage of the trips conducted on a bike), equals +39%.
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The average number of bicycles was 1.02 in the sample of 726 households in Litomérice. The standard
deviation equalled to the value of 1.37. Based on these two statistics, we may estimate the standard er-
ror of mean:

S
2) SEM = —
Vn

In the sample, the value of the standard error of mean equalled to 0,1. If we want to express the average
number of bicycles in households of Litoméfice, we need to add the desired interval of confidence, e.g.
95%. In such scenario, we would expect that mean number of bicycles per households would in 95%
cases fall between 1.02 +0,2.

Discussion

Despite the fact that the absolute sampling error in trips made on a bicycle is less than one per cent
(0.39%) and thus seems to be negligible, the opposite is true. The relative sampling error of the val-
ue +39% significantly reduces usage share of cycling trips as an indicator of travel behaviour change.
The size of the error is undoubtedly related to the rather small share of cycling on the modal split as a
whole. An increase in sample size could be one of the ways of dealing with this issue. However, even
for achieving the half of the current relative sampling error (i.e. +19,5%) while having 1% cycling in the
modal split, it would be necessary to obtain a sample of approximately 10,000 trips (or circa 2,800
households). Such sample size is beyond possibilities of travel behaviour survey conducted in a simi-
lar context. Thus, the issue should be tackled through different time design of the survey rather than
by increasing the number of surveyed households. The data collection in Litoméfice was conducted
mainly in the autumn and partly in winter, i.e. in seasons with only limited cycling activity. In the sce-
nario of continuous data collection, the modal split of cycling would probably increase significantly.
For example, if the modal split of cycling would be 6% as it was in the travel behaviour survey con-
ducted in Olomouc in 2016, the relative sampling error would decrease to +15%, even with the current
sample size of 901 households.

The average number of bicycles per household in Litoméfice is 1.02 +0,2 in 95% of cases. Should
we choose the change in the average number of bicycles in households as an indicator of cycling,
we need to take into account that achieving more precise estimation could be costly. While holding
the expected value similar to the measured one as well as holding the value of confidence interval the
same, it would be necessary to increase the sample size by hundreds of households. The reason lies
in the different basis for the calculation - while in modal split the basis is the total number of conducted
trips, the average number of bicycles per household is calculated from the number of households in a
sample, which in our situation is a much lower number.

The presented data collection allows us to reflect also the practical aspects of the survey. One of them,
already mentioned in the first paragraph of this section, is the season. The data could be conducted
in a so-called regular season (i.e. spring or autumn) or continually, throughout the year. The former
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approach is suitable in the situation of limited time frame for the data collection (e.g. just a few months
at our disposal) with following activities, which are dependent on the collected data (e.g. development
of the analytical part of a SUMP). Data collected this way are, on the other hand, more vulnerable
to seasonal factors, which seems to be the issue of the presented survey. Moreover, the key element
of a successful data collection is communication with public. Informational marketing established via
trusted channels increases willingness of public to participate in a survey. Communication with the
public plays even more important role in the situation where the population from which the sample
is drawn is rather small. In this scenario, data collection may become a public issue. If this is the case,
inefficient or even absenting communication may substantially decrease the response rate.
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Introduction

Currently, there are several travel behaviour surveys that have been carried out in larger cities
or countries (Christensen, 2017). In general, the results from small-scale cities are missing. For this
reason, the contribution deals with 3 smaller Slovak towns (RuZomberok and Lucenec 28 thousand,
Svit 8 thousand inhabitants), which were conducted in 2016. The contribution points to some inter-
esting research outputs. Most cities only focus on individual car traffic, with survey results show-
ing that residents also use other modes of transport. These data show that each city or municipality
should regularly gather information about its inhabitants in order to create an adequate transport offer
or transport and mobility services.

Methods and data

Several countries are conducting regular surveys focusing on the travel behavior of their inhabitants.
For example, there are two approaches in Germany, one survey is carried out every five years and
is called Mobility in Germany (MiD, 2018), and the German panel survey (so-called MOP, 2017) a regular
panel survey that is collected each year. Other countries including the United Kingdom or the Neth-
erlands (MPN, 2018), which is probably the oldest country (since 1978) to historically conduct such
surveys. The survey methodology used in the case of Slovak cities relies on the techniques used in the
Transportation Engineering, developed by the Technical University of Dresden, where this methodolo-
gy has been in use since 1972 (MiD, 2018). It is based on travel diary of 1 day. The data itself was collect-
ed from the 2016 traffic-social surveys, focusing on smaller cities that are not typical of traffic-socio-
logical surveys. One reason why such surveys generally do not happen in Slovakia is the fact that they
do not have staffing backgrounds, and often not finances. Another factor is that cities don’t know how
to use these data in transport planning within a given territory. That means, if they had these data,
they would know that, for example, specific population groups are using other modes of transport than
automobile transport.

Results
This chapter describes the most important survey outcomes in given cities.

The survey was carried out with the help of surveyors who visited individual households, and they
collected the data retrospectively. In addition to classical travel survey data (the purpose of the jour-
ney, mode of transport, etc.), selected transport modes and satisfaction with them (e.g., public trans-
port, infrastructure for pedestrian cyclists, etc.) were also surveyed. In Svit, 305 questionnaires with
a sample of 782 inhabitants were evaluated. They made 1,775 routes together, each with an average
of 2.2 times a day. Despite the trend in other cities with rising motorization, the largest population,
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according to the survey, is using the 42.94% walking. However, car traffic is followed by 22.76%
of drivers and 5.69% of respondents as co-drivers. Public transport uses a total of 13.02% of the pop-
ulation, of which 5.63%, bus 5.53% and rail 1.86%. Surprise can be represented by bicycle traffic with
a 14.88% share. From the point of view of the use of the different modes of transport, it is clear that
the busiest people use the passenger car and public transport at least. On the contrary, the logically
the highest share of pedestrian use has pupils (over 65%), but the potential problem can be over 12%
of car use as co-drivers. Other age groups are retirees (53%) and people on maternity leave (44%). In-
terestingly, for example, bicycle use is used by all groups, most retired and unemployed (16.92% and
17.31%) and 15.48% employed. For Lucenec, 1029 questionnaires were evaluated. They included 2448
people together, who performed 4740 routes together, representing an average momentum per person
of 1.93 journeys per day. The largest number of journeys was made by private car, with 31.50% being
the drivers themselves, 11.86% as co-drivers. The second most used mode of transport was walking
with 42%. Follows public transport with 7%, cycling with 3.88%, a bus with 1.92%, train with 1.67%
and motorcycle with 0.17%. The journeys of up to 5 km represented over 85% of all roads completed
during the survey. This only confirms the fact that there are short trips in the city. The average length
of 1 trip is 3.2 km. We can see that the most used types of transport in LuCenec are walking and indi-
vidual car transport. 83 % of trips with cars are used for distance up to 5 km, in the case of walking it is
98%. The bus uses 76% for journeys of more than 5 km and the train for more than 80%. For public
transport, this is 95% of the way.
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Fig. 1 The modal split among socio-economic groups in Lucenec

In RuZomberok the survey evaluated 1019 questionnaires with a sample of 2,599 inhabitants. Togeth-
er, they made 5,452 routes, each with an average of 2.09 trips per day. Despite the trend in other cities
with rising motoring, RuZomberok has interesting potential in the case of non-motorized transport.
Most people surveyed use individual car transport, whereas drivers 34.59% and as co-drivers 8.75%.
Following by walking with a 34.92% share. Public transport uses 10.40%, train 2.16%, and bus 2.05%.
Surprise can be represented by bicycle traffic with a 6.97% share. The overall share of transport modes
among the surveyed groups is shown in second figure.
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Fig. 2 The modal split among socio-economic groups in RuZomberok

Discussion

It is also interesting to compare the use of different modes of transport among social groups. There
is interesting cycling and walking in the town of Svit, because, the use of cycling (14.88%) and pedes-
trian trafficin 42.94% is interesting, which only confirms the fact that small towns are important sus-
tainable modes of transport. In Lucenec, the group “Employed” uses the most frequent passenger car
51, 75%. It is also worrying that children are probably driven by parents to schools and kindergartens
by a private car (39.25%), confirming the growing trend of car use from childhood. Pedestrian traffic
has the highest share of use represented by unemployed (60.42%), children (42%), pupils (61.54%),
secondary school teachers (63%) and retirees (42%). Bicycles are the most used type of transport for
retirees and children at 7.44%. Public transport is mostly used by college students 11.54% and unem-
ployed by 10%. Similarly, the suburban bus is used by a group of college students (12.82%), as is the
train (26.92%), which is logical due to the tariff set.

In the city of RuZomberok, the employees use most the car (56.75%), while using the public passenger
transport least frequently 7.85%.

On the contrary, logically the highest share of pedestrian use has pupils (over 53%), children, retirees
(50.48%) and persons on maternity leave 69.57%. Motorcycle usage is negligible in all groups. The
submitted conclusions are related to the results for small towns, for example, where there is a problem
with the public transport service. The problem is that such surveys do not take place regularly, with the
current state of information technology making it possible. Such interesting data can now be collected
via mobile phones as well, as will be done by the international MoTiV project (MoTiV, 2018). In addition
to traditional traffic data, the purpose of the survey will also be a survey of mobility services and pro-
ductivity during travel time. This means that for some road uses, the shortest travel time is required,
but for others, entertainment, cycling, and more. This may not be true. It is for this reason that the
project wants to identify the personal value of travel time and the factors that can affect it. The added
value is that all data will be published in the form of OPEN DATA in anonymized form.

ool\l
N

) © © © © 0 0 0 0 0 0 0 0 000 000000000000 000000000 0000000000000 0000000000000 000000000000 00000000 0000000000000 000000000000



oo o o

O OO0

) © © © © 0 0 0 0 0 0 0 0 000 000000000000 000000000 0000000000000 0000000000000 000000000000 00000000 0000000000000 000000000000 :]: | Nl

Conference Travel Behaviour in Data ¢ 31st October 2018

Conclusion

Traffic behavior detected during traffic sociological surveys is of major importance in the field
of transport planning as well as in the verification of traffic measures in practice. However, it is often
the case that such surveys are carried out only in larger cities that have financial resources, with small
or small data being available to a limited extent.

As a result, transport measures implemented, whether in the area of transport infrastructure
or transport policy, are not adequately measurable and supported by outputs from socio-economic
transport surveys that can help identify the different requirements of different groups of the pop-
ulation for different modes of transport, planning is concerned with car traffic and other modes
of transport are marginalized. For this reason, this contribution describes the outputs of transport
sociological surveys in selected small towns in Slovakia with a population of 7—30 thousand. Out-
puts from transport behavior point to interesting results, for example, when comparing individual car
traffic and walking traffic, which has a very large share in the smaller cities, and therefore this kind
of transport should be given the appropriate attention. Qutputs In parallel, they describe the different
behaviors of different groups of the population with regard to the choice of means of transport. The
contribution also presents new opportunities for the regular implementation of such surveys in towns
and cities, regardless of the population, with regard to the use of information technologies.
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Introduction

One of the new sources of information in the field of statistical data analysis in traffic is residual data
from the GSM network (Groupe Spécial Mobile). Since O2 CZ allowed to access the pilot version of the
database of residual data, I decided to compare it to traditional data sources and verify whether both
could potentially be coupled.

The subjects of my comparison are the number of people present in the area and the number of people
passing through it. As a site of interest, the district Brno-Bosonohy has been chosen, while the known
data are sufficiently reliable and, at the same time, this former independent municipality with small
building development has a clear urban structure and traffic connections.

Methods and data

The O2 CZ operator, which has a market share of approximately one third, provides pilot access to its
data through two client-server applications without a graphical interface. The territory is divided into
ZS] (Basic Settlement Unit) or ZU]J (Basic Territorial Unit, i.e. municipalities or urban districts). I chose
the application Sociodemo API, which distinguishes two groups of people present in the territory:
people staying longer than 30 minutes, labeled as “visitor” and the others, “transit”. The data also in-
clude the age cohort, sex and the hour of the day for the observed day. For one query, the application
returns one response with one value. This value has a minimum value of 100; lower values are returned
as NULL for the reason of anonymity.

Further comparison was done using residual data of the T-Mobile operator from 2016, available
as OpenData.

The selected district Brno-Bosonohy corresponds to one ZU]J, or three ZS], where the core ZU] char-
acterizes 90% of the population.

Expected values were compiled from various sources: SLDB 2011 (National population census), CSD
2016 (National Traffic Census): section 6-6013 according to TP 189 / II, ARES (business entities regis-
ter), annual school reports, occupation surveys from IDS JMK 2015 (Integrated Transport System of the
South Moravian Region) and personal observations of occupancy rates of passenger vehicles.

Results
A clear comparison of the number of visitors in both datasets is shown in Table 1, the numbers
of transits are shown in Table 2.
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Visitors Visitors (,,visit®)
o . . average 6 AM and at4 AM
Territorial unit Population 11 PM, T-Mobile Sociodemo API, 02 CZ
(SLDB)
average workday Approx. 2018-
09-10/2016 2017-06-19 05-30 Wednesday
2,457
ZU] 551325
+
Brno-Bosonohy 100 (hostel) 2,550 7,500 5,195
=2,557
7S] 008508 Boso- 2,253
+ 100 (hostel) 2,327 3,322 3,171
nohy-centre 2353

Table 1: Comparison of population and visitors number at 4 AM.

Transits (,,transit*)

Transits (various data sources) Sociodemo API

Approx. 2017-06-19 2018-05-30 wednesday

14,370 x 1,06 pers. traffic, CSD/TP189 x 1,5 pers.
2,293 x 1,24 haulage, CSD/TP189 x 1 pers.
+2,400 pers, IDS JMK
-2x1,300 exiting, SLDB
-2x1,200 commuting, estimate
=23,091

15,443 13,386

Table 2: Comparison of the number of transits in 24 hours via ZS] 008508 Bosonohy-centre.

Discussion

The difference in the number of visitors reported by residual data and the total number of inhabitants
is as high as 100% if we narrow down the territory only to the core ZS], the difference is only 35%.
There is no evidence that this difference should be attributed to night shift commuters or temporary
housing. From the knowledge of the surrounding terrain, housing arrangement and GSM deployment,
it could be hypothesized whether a part of the difference is caused by settlements beyond the adminis-
trative boundaries of the city district, where some residents have a better reception of the GSM signal
from the transmitter located in Bosonohy.

According to residual data, the number of transiting persons is about 42% underestimated compared
to conventional data sources. I assume that people traveling on the D1 motorway, that are also con-
nected to the transmitters in Bosonohy, were systematically filtered out together with some of the
genuine transit.

The potential of residual data is limited by the absence of distinction between visitors staying over-
night and the others, that is why it is impossible to monitor the exits and commutes to the territory sep-
arately, but only the resulting balance. Also, there is no specific data on the type of journey or choice
of means of transport. It is not clear how the observations of persons occurring systematically at the
boundaries of administrative units were treated, similarly for adjacent highways. Therefore, Sociode-
mo API residual data can be difficult to interpret, to compare, or combine with data from other sources.
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Conclusions

The residual GSM data from Sociodemo API O2 CZ on the number of visitors and transit differ by 35—
100% from the expected values, which greatly limits their credibility and use. A smaller difference
of 35% was reached for visitors, if the area of interest was far enough from other settlements. For the
purpose of transport modeling, qualitative restraints of residual data are in the missing distinction
of overnight visitors and the others, as well as in the absence of structured traffic data, such as the
choice of means of transport. It is unclear how communications or settlements near the artificial sta-
tistical boundaries were treated. Such data is difficult to interpret, to compare, or couple with others.
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Abstract

Knowing the value of travel time is a prerequisite for any monetary estimation of economic losses
arising from/caused by traffic congestion. The aggregated travel time savings for the whole of the us-
ers expressed in money is the most cited benefit of any new transport infrastructure development.
Since the 1960s, a large number of studies have been carried out to measure the value of travel time
(VoT) and value of travel time savings (VTTS), and gradually also to distinguish its different compo-
nents. Thus, time spent in vehicle, time for access/egress, waiting, transfer or time in congestion have
been distinguished. In addition specific values exists for users of different transport modes, journey
length and purposes. With exception of business trips, non-market valuation methods are commonly
used to evaluate individual time travel components. Although available evidence from abroad shows
large differences in values of individual time travel components, and in spite of non-market valuation
methods have been successfully used in the Czech Republic in the valuation of environmental goods,
specific values of travel time are rather rare in the Czech Republic.

The aim of this paper is to reduce at least partly this information deficit by presenting selected es-
timates of the travel time components for the Czech Republic. Specifically, we elaborate on the
value of travel time and time spent in congestion for medium-long domestic routes (represented
by the Prague-Brno route). The results of our valuation study show that the value of travel time spent
in congestion is almost twice as high as the value of travel time in free-flow traffic and suggest that the
reduction of congestion and of the variation in travel time in general will bring significant economic
benefits compared to shortening of travel time in free-flow traffic. This evidence also confirms the im-
portance of distinguishing between different components of travel time when assessing the benefits
of transport infrastructure and having specific estimates for different user segments.
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Introduction

This paper presents the current approach to the concept of Mobility as a Service (MaaS), in terms
of spatial data and the needs of target groups. MaaS provides an answer to urban mobility problems
as it allows users to find the most efficient way to move around the city, taking into account their
specific requirements, and at the same time to enable payment for all transport-related services.
Maas supports the use of multimodal planning and sustainable modes of transport. Many data, such
as statistical spatial data, dynamic online data, and data from transport behaviour research are needed
to create a functional concept. The project, currently implemented in the city of Brno, aims to create
an advanced multimodal route planning system that takes into account the needs and preferences
of users with particular emphasis on people with reduced mobility. The basis of the project is the re-
search of user needs and preferences of individual target groups, the results of which will be reflected
in the search algorithm model and the spatial data source database structure.

Methods and data used

The project uses participatory design methods to identify the needs and preferences of citizens and
factors influencing their transport behaviour. The research design builds on the close collaboration
of geoinformatics with social scientists and the use of the so-called mock-up version of the user appli-
cation. This makes it possible to define the requirements for the variables necessary for route planning
and to optimize the search algorithm and the spatial data source of the scheduler before the develop-
ment and running its final user version. During the first phase of the research, a series of workshops
and interviews with representatives of user groups in Brno took place, including associations and or-
ganizations representing cyclists, seniors, drivers, people with reduced mobility, people with sensory
limitations and others. Using qualitative analysis, the basic categories of user needs and factors influ-
encing their transport behaviour were identified.

Results

The first phase of mapping results in a list of factors that affect the use of different types of means
of transport, route planning and the possibility to combine modes of transport. On the user side, the
variables can be static (for example physical fitness, sensory limitation or age) and dynamic (current
preferences, hurry). User decision-making is also influenced by static environmental variables (terrain,
barriers, greenery, cyclists infrastructure) and dynamic environmental factors (weather, availability
of resources, traffic situation). The research participants did not only describe isolated variables, but
also interactions between them. For example, rain affects the preference of connections with covered
boarding and transfer stops. As part of the participative design process, the functions of the ideal MaaS
application were also defined, including the content and form of the presented information on the
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various route variants. An important topic was security, such as finding a safe cycling route in a previ-
ously unknown environment or taking safety into account when planning a route at night.

Discussion

Analysing the route planning process from the user perspective is beneficial for creating a system that
offers users route variants that will match their long-term needs and capabilities (fitness, sensory limi-
tation, mobility) while accommodating current preferences. Based on the data found, a mock-up Maa$
application will be created to enable user testing to a) ensure the compliance of presented informa-
tion (form, content) abut proposed routes with user needs; b) the willingness of the user to provide
personal information and metadata depending on their present added value, d) test various forms
of presentation of multimodality elements (combination of different means and presentation of the
route as a whole), e) verify user rating of Maa$S functions (single payment for services) and finally f)
verify the compliance of the application with the needs of specific user groups. Feedback gained in user
testing of Mock-up application will be reflected in the search algorithm and the structure of the sys-
tem’s source database. This approach allows the participative design phase to directly influence the
so-called back end of the entire system.

Conclusions

The aim of the presented project is to optimize the search algorithm and the source databases on which
to build the MaaS system by mapping the needs of the inhabitants of Brno and their traffic behaviour
and testing the user application model. The project builds on close cooperation of social experts and
geoinformatics and uses methods of participative design. In the first phase, representatives of key
target groups of the project, including those with specific needs (cyclists, seniors, drivers, people with
reduced mobility, people with sensory limitations, etc.), were involved through qualitative methods
(interviews, roundtables). The result of the phase is the definition of the variables to be taken into ac-
count in the MaaS$ data platform.
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Introduction

With the growth of well-being in the Czech Republic, the availability of private cars, whether new
or used, increases. For example, in Brno, between 2007 and 2017, nearly 40,000 passenger cars were
registered, and their number reached 190,000 in the population of 380,000 inhabitants. The total
number of motor vehicles in Brno is almost 244,000. 60% of passenger cars are only occupied by the
driver on weekdays. As a result of the depletion of space capacities for motor vehicles, the city in-
troduces financial regulation of parking, which can favor carpooling - more passengers will be able
to share the cost of parking.

A significant part of the IAD is generated by commuting for work. In the Movecit project, we focused
on thirteen workplaces in seven European countries to identify measures to increase the share
of sustainable mobility at the expense of travel by a single occupancy vehicle. Except for a few work-
places, it single occupancy vehicle which is the most common means of transport accounting for 40 to
60% of a modal share.
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Figure 1 Modal Share at Movecit WOrkplaces in 2017.
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We will now focus on one specific workplace in Litoméfice, where half the journeys take place by single
occupancy vehicle.

Modes by Trip Distance
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Figure 2 Trip length according to transport modes, 2017

We see that the highest share of the longest journeys is by single occupancy vehicle, a total of 38%
of journeys by car are at a distance of 10 kilometers or more. In the case of Litoméfice, it is likely to be
trips that are not replaceable by other modes of transport — walking and cycling will be too long, and
public transport around Litomérice has limited possibilities.
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A possible reduction in the proportion of journeys by single occupancy vehicle from these distant lo-
cations can be brought by carpooling. A significant share of trip sources is either in the same location
or on the same route. These are routes from these sources that carry the potential to reduce the share
of single occupancy vehicle trips and increase the share of carpooling.

Carpooling is a possible substitute for single occupancy vehicle trips. The main barrier is, however, lack
of information. In the case of larger workplaces with hundreds and thousands of employees, it is often
difficult or impossible to agree on a carpooling because employees don’t know where their colleagues
commute from. Although people are commuting from the same sites or on the same route, they do not
know each other and cannot agree on sharing of a ride. As a result, the Movecit project has created
an application which helps employees to find a colleague for carpooling. The intended effect of the ap-
plication is to increase the occupancy of passenger cars on regular journeys to work and to increase
the efficiency of individual car traffic.
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Figure 3 — Application demo available at demo.cestymesty.cz

The application is the missing link for carpooling arrangement. The typical use-case is in the work-
place with a high number of employees in the order of hundreds to thousands who regularly commute
to a single workplace. Within the workplace, employees are registered with their work email. In the ap-
plication, they enter where and when they commute, and their offer or demand for carpooling is then
displayed to other colleagues registered in the application. The motivation for application utilization
among employees is primarily financial savings and sharing of commuting costs among more people,
the motivation for employers is to increase the efficiency of using parking spaces especially in the sit-
uation of their lack.
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Introduction

The paper deals with the search for a system tool for the station and stops localization at rail lines re-
gional significance based on data from the Census 2011 (SLDB), Territorial Analytical Data of the Czech
Republic 2014 (UAP) and additional information. Europe has been dealing with the issue of rail lines
regional significance for decades, and each country has approached the question of further existence
or non-existence in other ways. In the Czech Republic, this issue has been particularly emphasized
at the last twenty years, so in the time this type of transport infrastructure and trains in operation
has been in the end of a technical lifetime, and it was necessary to decide what further. The data-
base of municipalities has been tested by correlation, clustering and regression analysis, with the aim
of maximizing the number of passengers at the particular station or stop, thus maximizing the overall
potential of the rail line for possible reconstruction.

The main output of the paper is a summary of recommendations with a decision tree and an equation
to maximize the passengers use of a particular train station or stop including recommendations for
future data collection.

Methods and data used

The work uses data from SLDB, UAP data for the Czech Republic from the Czech Statistical Office
and other additional information, especially from map web portals. The complexity of these data al-
lowed to look for a system tool. On the basis of the above data, a database of 1350 relevant municipal-
ities was created, through which rail lines regional significance, containing for each municipality se-
lected features, i.e., demographic and territorial features, and commuting information. The number
of attributes was subsequently using of descriptive statistics, correlation analysis, t-SNE function and
relativization of some characters reduced from 109 to 16. In the database of relevant municipalities,
clusters of similar municipalities were searched using t-SNE function, Mixture Estimation with Uni-
form Components, DBSCAN, and K-means. The resulting clusters of representative municipalities ac-
cording to the K-means method, which were evaluated as the most suitable, were subjected to multiple
linear regression with error term and expert analysis, based on which an algorithm for the station
or stop optimal localization was defined.

Results

Each of the clustering methods used is based on another principle, but only the K-means algorithm,
which has created five disjunctive clusters determined by population densities, settlement densities
in built-up areas of municipalities, and high commuting, has proven itself. In particular clusters, mu-
nicipalities have been selected regarding enough relevant data on train commuting and with only
one station or stop in their territory. From these municipalities, so-called clusters of representative
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municipalities were created in the number of 19, 117, 88, 10 and 38 municipalities in which the optimal
position of stations and stops was looking for. The impact of the station or stop localization, including
the type of the surrounding urban area, on the number of passengers, proved to be of little significance.
The expert analysis confirms the theoretically known rule a passenger is willing to take a longer jour-
ney to the public transport stop if it is otherwise convenient for him, for example, shorter commuting
times, shorter intervals between connections, saving money, etc.

Discussion

The research shows that the station or stop localization itself is not a dominant element in the de-
cision making of potential passengers. The overall competitiveness of rail transport to other modes
of transport is essential. Overall, it can also be said that the more people have the opportunity to use
competitive rail transport, the more they will use it.

In addition to the lack of a significant relationship between the train station or stop localization and
anumber of passengers utilization, from work with the data, several findings have emerged to increase
the accuracy of the whole algorithm. In terms of SLDB data, it would be particularly useful to obtain
commuting data in more detail, which would extend the SLDB questionnaire. From the point of view
of the data gathered in the research, it would be possible to refine the division of the municipalities and
to obtain data in situ, but at the disproportionately increasing the labor intensity costs.

Conclusions

From a system point of view, the task of searching the optimum station or stop localization
in municipalities where the commuting outbound them predominates is reduced to the decision pro-
cess and the subsequent measures and then adjusts the station or stop localization, so that it can use
as many people as possible. Before adjusting the station or stop localization, it is necessary to proceed
as follows:

Is the train competitive with the travel time to the local labor center area?

Is there competition of a bus Can the following measures

(shorter intervals, more be implemented?

stops)? Track Modification (to
Increase Speed / safety

Is there competition of car system upgrade)

traffic (motorway junction, Different vehicles release

sufficient parking capacity at Railway timetable

destination, etc.)? modification

Measures realization

Rail transport subsidies (shorter
intervals, better connections)

Bus transport restrictions (reduction
number of connections, cancellation)
Restrictions on parking capacities at
the destination (economic, spatial)
Restrictive measures on the roads
Road Toll

To Start a debate about

Optimizing station / stop ﬂoPp'::::::: / track
localization 8

OOlw
N W

1 © © © © © 6 0 0 0 0 0 0 0 0 0 0 0 000 000 OG0 00 OO0 0 00000000000 0000000000000 0000000000 0000000000000 0000000000000 00000000000 e e



oo o o

O OO0

1 © © © © © 6 0 0 0 0 0 0 0 0 0 0 0 000 000 OG0 00 OO0 0 00000000000 0000000000000 0000000000 0000000000000 0000000000000 00000000000 e e :]: | F:

Conference Travel Behaviour in Data ¢ 31st October 2018

Separate principles, supplementing the decision tree above, flow for the optimal station or stop local-
ization for municipalities inbound predominates:

. Trains have to be competitive in the direction of commuting

. The timing of the connections must match the beginnings and ends of the shifts in the trans-
port destination

. The destination must provide a limited number of parking spaces, or parking must

be economically regulated.
. Train connections must have enough stations and stops at commuting sources.

If it is not possible to meet the points above mentioned for more than one company (the destinations),
itis advisable to build the station / stop where the most employees are employed, ideally without a great
specialization.
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