14. rocnik - €. 4/2005

MERENI RYCHLOSTI V TUNELECH - PODSTATNY PRISPEVEK
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Nepfiméfena rychlost je podle statistik Policie CR dlouhodobé
hlavni pfi¢inou dopravnich nehod zavinénych Fidi¢i motorovych
vozidel s ndsledkem usmrceni. Jenom v minulém roce zahynulo vli-
vem neprimérené rychlosti 556 osob, coZ je témér 50 % vSech usmr-
cenych v provozu na pozemnich komunikacich.

Zv14st nebezpeéné je prekracovdni rychlosti v tunelech, kde to je
potencidlnim zdrojem mimorddnych udélosti a havdrii. PfedbéZnd
mérfeni provadénd laserovou pistoli v letech 2003 — 2004 ukézala, Ze
ve Strahovském tunelu v zdpadni tunelové troubé jelo vozidlo rych-
losti 152 km.h"'. Tunel v8ak neni na takovouto rychlost navrhovan,
a proto zde bylo nékolik vdznych nehod.

Pro vynuceni sniZen{ rychlosti vozidel 1ze zvolit nékolik zpusobu
jejtho méfeni. Ve spolupréci s policii byl na jiznim rozpletu Stra-
hovského tunelu umistén standardni radar pro méfeni rychlosti. To
s sebou neslo jesté zvyseni rizik, nebot' rychle jedouci vozidla pred
mistem méfen{ prekotné brzdila.

Vibec nejvhodnéjsim fefenim je donutit fidiCe, aby cely tsek
projizdéli povolenou konstantni rychlosti. K tomu je nejvyhodné&;jsi
méfeni prumérné rychlosti po celé délce trasy v tunelu. V rdmci pro-
jektu OPTUN ,,Optimalizace provozu tunelt pozemnich komunika-
ci“ byla navrZena a testovana metoda pro méfeni pramérné rychlos-
ti na dseku nazyvand ddle ,,isekovd rychlost” ve shod¢ s anglickym
nazvem ,,Section Control®. Pfi zndmé $patné moralce naSich fidica
jsou vysledky tak prukazné, Ze nové tunely kategorie TA, viz lit. [1],
budou povinné touto technologii vybavovany a pro ostatni katego-
rie bude zvazovano o instalaci na zdkladé posouzeni rizik.

Projekt OPTUN je vyzkumny projekt ministerstva dopravy plé-
novany na léta 2004 — 2006. Resi ho konsorcium Fakulta dopravni
CVUT, Metroprojekt, Metrostav, TSK hl. m. Prahy pod vedenim
Eltodo EG. Krome zvySovani bezpecnosti je projekt zaméfen na
tvorbu specidlni architektury tunelu, kterd umozZni investorovi a pro-
jektantovi mnohem lep$i orientaci ve slozité problematice technolo-
gického a bezpecnostniho vybaveni s ndslednou skute¢nou optima-
lizaci vybaveni. Druhy kli¢ovy rdmec je zaméfen na optimalizaci
ventilace z hlediska provoznich ndkladd, kde se vyuZivd myslenka
vyuZiti modelu dopravniho proudu pro optimalizaci fizeni. Tato ori-
gindlni myslenka byla publikovdna jiz v roce 1997, lit. [2] a prvni
vysledky ukazuji, Ze bude pfinosem pro fizeni a optimalizaci pro-
vozu ventilace. Tretim rdmcem projektu je sledovéani chovani fidica
v tunelu. JiZz prvni vysledky ukazuji, Ze se vétSina fidi¢i chovd
v tunelu jinak, coZ se projevuje v parametrech jizdy. Kvantifikace
této zmény by mohla byt pomocnym podkladem pro ndvrh paramet-
rl tunelu.

PRINCIP MERENI USEKOVE RYCHLOSTI

Mgéfeni tisekové rychlosti (ddle MUR) slouzi k méfeni primérné
rychlosti vozidel, kterd projedou pfedem vymezenym méficim dse-
kem na vozovce. Podstatou metody je méfeni doby prajezdu moto-
rového vozidla definovanym méricim dsekem vozovky, z ¢ehoz lze
vypod&itat prumérnou rychlost vozidla na daném dseku. Detailni
popis lze nalézt v lit. [3]. Principidlni schéma méfeni je na obr. 1.
Na vozovce je presné stanoven méfici isek mezi dvéma pri¢nymi
¢arami. Kamerovou jednotkou KJ je snimdna na zacatku dseku ¢ast
vozidla s registra¢ni znackou. Ta je automaticky rozpozndna ve
vyhodnocovacim serveru a je uloZena do databdze. Po projeti dse-
kem je opét rozpozndna registradni znacka a obé znacky jsou s Caso-
vymi razitky sparovany. Nésledné je vypo&itdna prumérnd rychlost

INTRODUCTION

According to statistics of the police department of the Czech Republic,
speeding is a constantly leading cause of traffic accidents that involve dri-
vers of motor vehicles and human casualties. Last year solely, 556 per-
sons died because of speeding, which is almost a half of all those that died
in road traffic.

Speeding in tunnels is especially dangerous as it potentially gives rise
to extraordinary events and accidents. Preliminary measurements of
speed using a hand-held laser scanner between 2003 and 2004 showed
that one vehicle moved at the speed of 152 km.h-1 through the western
tunnel tube of the Strahovsky tunnel. However, the tunnel is not designed
for such speed, and therefore there have been several serious accidents.

In order to enforce reduction of vehicles’ speed, several methods of
measurement can be adopted. In cooperation with the police, a standard
radar speedmeter was installed at southern bifurcation of the Strahovsky
tunnel. But that brought a higher level of risk still, as the fast-moving
vehicles braked abruptly in front of the measurement spot.

The ideal solution is to force the drivers to pass through the entire sec-
tion at constant permitted speed. For this it is convenient to measure ave-
rage speed along the entire tunnel length. Within the framework of the
OPTUN project “Optimization of road tunnel operation”, a method for
measurement of section average speed was designed and tested. It is furt-
her referred to as “section speed” in accordance with the English title
”Section Control”. Considering the infamous poor conduct of our drivers,
the results are so striking that new tunnels of the TA category, see lit. [1],
will be obligatorily equipped with this technology while equipment of
tunnels of other categories will be considered based on risk assessment.

The OPTUN project is a research project of the Ministry of Transport
planned for years 2004 — 2006. It is carried out by Faculty of the Traffic
Engineering of the Czech Technical University, Metroprojekt, Metrostav,
TSK Prague under the leadership of Eltodo EG. Beside enhancing the
safety, the project is focused on creation of special tunnel architecture,
which will provide the investor and the designer with much better orien-
tation in the complex field of technological and safety equipment with
subsequent real optimization of the equipment. The second key aim is the
optimization of ventilation from the viewpoint of operating costs, where
the idea of traffic flow models for optimization of control are being used.
This innovative idea was first published in 1997, lit. [2], and first results
suggest that it will be a contribution to control and optimization of venti-
lation operation. The third aim was to monitor behavior of drivers in the
tunnel. As the first results suggest, most drivers alter their behavior in tun-
nels, which translates into their driving parameters. Quantification of this
change could be a useful data for proposal of the tunnel parameters.

PRINCIPLES OF MEASUREMENT OF THE SECTION SPEED

Measurement of the section speed (MSS) is designed to measure the
average speed of vehicles that pass through a predetermined road secti-
on. The method’s principle is the measurement of time the motor vehicle
needs to pass through the defined measured road section, from which an
average speed of the vehicle throughout the given section can be calcula-
ted. For detailed description see lit [3]. For detailed measurement scheme
see Fig. 1. Two traversal lines are drawn on the carriageway defining the
measurement section. A camera unit at the section beginning scans the
vehicle’s license plate. It is automatically recognized by the evaluating
server and stored in the database. After passing through the section, the
license plate is scanned again and both license plate entries are combined
along with the time records. Subsequently, the average speed throughout
the section is calculated. If the speed limit was not exceeded, the entry is
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Obr. 1 Principidlni schéma rychlomeru (0]- osvitovd jednotka, KJ- kamerovd
Jednotka), lit.
Fig. 1 General speedometer scheme (OJ- illumination unit, KJ- camera unit), lit.

na dseku. Pokud nedoslo k prekro¢eni povolené rychlosti, je zdznam
smazdn. Pokud doslo k prekroceni, je zasldn operatorovi ke kontro-
le a vyhodnoceni. V pripadé §patnych svételnych podminek poméha
zlepsit Citelnost znaCky infracervend osvitova jednotka OJ.

Na tomto misté je vhodné poznamenat, Ze se jednd o neinvazivni

méfeni, které nevyzaduje zdsahy do konstrukce vozovky v tunelu.

Na méreni usekové rychlosti jsou kladeny nésledujici poZadavky:

1. Ze snimku vozidla pofizenych na zacatku a konci méficiho
useku jsou automaticky vytvoreny referencni snimky. Systém
musi{ pracovat zcela automaticky. Dalkové se nastavuje zapnu-
ti/vypnuti méfeni, maximdlni povolend rychlost a hodnoty
rychlosti klasifikované jako prestupek.

2. Vlastni méfeni pramérné rychlosti je zcela bezobsluzné
a nesmi byt mozné jej ovlddacimi prvky nikterak ovlivnit.

3. Pfesnost méfeni musi byt zaruCena tim, Ze délka mériciho
useku je zméfena s vyzadovanou presnosti a oba snimky jsou
opatfeny Casovymi znackami presné ¢asové zdkladny.

4. Konstrukce a prostorové umisténi jednotlivych zafizeni musi
byt navrzeny tak, aby byla vzdy zméfena minimalni primérnd
rychlost daného vozidla.

5. Technickymi prostredky a pocitaovym zpracovanim musi byt
vytvoreny takové podminky, Ze nemuZze dojit k poskozenf fidi-
e tim, Ze by byla naméfena prumérnd rychlost vy33i, nez kte-
rou ve skute¢nosti jel.

6. Musi byt zajisténo, Ze indikovand rychlost nemuze byt pripsa-
na jinému vozidlu.

7. Ve zpracovaném doplinku TP98 se vyzaduji ndsledujici maxi-
malni chyby méfeni primérné rychlosti:

do 100 km.h"! + 3 km.h’!
... nad 100 km.h! £3%

POUZITA TECHNOLOGIE

Pro detekci vozidla a pro zjisténi jeho rychlosti 1ze pouZit fady
senzort. Pokud v8ak chceme méfenou rychlost pfifadit konkrétnimu
vozidlu, tak je nutné pouZit videodetekci”. Snimaci kamera obsahu-
je specidlni obrazovy senzor, ktery pracuje i ve zhorSenych svétel-
nych podminkdch. Zachyceny obraz zpracovdvd sofistikovany
vyhodnocovaci software, jehoZ vystupem jsou alfanumerické znaky
registracni znacky, viz obr. 3.

Vlastni postup je zaloZen na digitalizaci analogového video-
obrazu spojitého v Case i Urovni. Digitdlni obraz je ekvivalentem
spojité obrazové funkce f(i,j), kde i a j jsou soufadnice bodu
v ploSe obrazu. Je ziskdn pomoci vzorkovéani do matice MxN bodu

D Dals§i mozZnosti je vybavit vozidlo palubni jednotkou a komunikovat napiiklad
dedikovanym spojenim kratkého dosahu tak, jak je to béZné u systéma mytného.

‘Automatické vyhodnoceni
Automatic assessment
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deleted. However, if it was exceeded, the entry is sent to

Podklady the operator for control and evaluation. In case of poor
L O light conditions, scanning of the license plate is assisted
prestupkové

by infra-red illumination unit. This is a good place to
point out that it is a non-invasive measurement, one that
does not require structural changes of the tunnel carria-
geway.

The following requirements are placed on the measu-
rement of section speed:

1. Reference images are automatically created from
the vehicle images taken at the beginning and end of the
measured section. The system must be working fully
automatically. Turning on/off the measurement, speed
limit setting and speed values classified as misdemeanor
are all remotely controlled.

2. The measurement of average speed is completely
automatic and manipulation by controlling elements
must not be possible.

3. Precision of the measurement is guaranteed by the
fact that length of the measured section is measured with
required accuracy and both images are assigned time
entries according to precise time base.

4. Structure and spatial position of the individual devi-
ces has to be designed so that the minimal average speed of the passing
vehicle is always measured.

5. Technical means and computer processing have to create such con-
ditions in which a driver cannot be wronged by being measured a hig-
her average speed than the one at which he/she actually traveled.

6. It has to be prevented that the indicated speed be attributed to anot-
her vehicle

7. The elaborated appendix of Technical Specifications TP98 stipula-
tes the maximum errors of measurement of section speed:

up to 100 km.h! =3 kmh!
above 100 km.h"! =3 %

projednani
Grounds

for offence

proceedings

APPLIED TECHNOLOGY

Numerous sensors can be used to detect a vehicle and measure its
speed. But if we want to attribute the measured speed to a particular
vehicle, video-detection has to be used. Scanning camera contains a spe-
cial image sensor that operates even under poor lighting conditions. The
scanned image is processed by sophisticated evaluation software with
alpha-numerical symbols of license plates as output, see Fig. 3.

The procedure is based on digitalization of the analogue video-image,
continuous in time and level. Digital image is an equivalent of continu-
ous image function f{7, j) where i and j are coordinates of the point in the
image area. It is acquired by sampling into a matrix of MxN points and
quantizing into K levels. Very important role is played by the level of
resolution of the image, expressed in DPI units : dots per inch.

However, digital image can be distorted due to the method of scanning
or poor light conditions. If the character of distortion is known, then it can

Obr. 2 Kamery zarizeni pro méreni tisekové rychlosti za podjezdem
Zlichov — Radlickd

Fig. 2 Cameras of the equipment section speed measurement facility behind
underpass Zlichov-Radlickd
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a kvantovdnim do K drovni. Velmi daleZitou roli hraje rozliSovaci
troveri obrazu uvadéna v jednotkdch: pocet bodu/palec (DPI-Dots
Per Inch).

Digitdlni obraz vSak muZe byt zkreslen kvali zpusobu snimdni
nebo nevhodnym svételnym podminkam. Pokud je zndm charakter
zkresleni, je mozné tuto chybu opravit pomoci korekci, které jsou
pouzivdny pro predzpracovani obrazu (jasové a geometrické trans-
formace, filtrace, ostfeni apod.).

Findlnim krokem pfi zpracovani obrazu je klasifikace (rozpozna-
ni obrazcu). Ve vétsiné pripadu se jednd o zafazani objektu naleze-
nych v obraze do skupiny predem zndmych tfid, tedy napriklad pri-
fazeni objekta registradni znacky alfanumerickym znakam.

Videodetekeni technologie md i jistd omezeni: mohou se projevit
vlivy nedostate¢né viditelnosti zpusobené destém, snéZenim a mlhy.
Ve vSech uvedenych pripadech bude identifikace vozidel mozna jen
za predpokladu Citelné registraéni znacky. Také zneCisténd znaCka
vozidla miZe znemoZnovat jeho jednozna¢nou automatickou identi-
fikaci. V ur¢itych pripadech je mozné ndsledné identifikovat vozid-
lo a jeho znacku na zdkladé dokumentacniho snimku. Pro méfeni
i v noci se kamerové systémy doplnuji o systémy no¢niho vidéni,
které je realizovdno pomoci infradervenych reflektori. Kamery
,,vidi*“ i v infracervené ¢dsti spektra na rozdil od lidského oka. Diky
tomu kamery mohou pracovat i za dplné tmy a pritom nedochdzi
k oslfiovan{ fidicu.

Snimaci kamery jsou umistovdny nad osy jizdnich pruht. Na
obr. 2 je zachycen portdl s kamerami na dseku Zlichov — Radlickd.

PRESTUPKOVE DOKUMENTY A LEGISLATIVA

Dokladem o prestupku jsou snimky vozidla, pokud z nich je zrej-
mé, Ze namerend rychlost byla vyssi neZ povolend, doplnéné o tdaje
potiebné k prokézdni prestupku. Snimek na vjezdu i na vyjezdu
méfeného tiseku je opatfen Casovym razitkem, identifikac{ a ndzvem
mista, ve kterém byl pofizen. Prestupkové dokumenty se typicky
archivuji na zdiznamové médium a musi byt déle, pti prestupkovém
fizeni, verifikovany $kolenym operédtorem.

Zafizeni pro UMR pouZivané pii kontrole dodrzovani pravidel
silni¢niho provozu jsou vymezena prilohou k vyhldsce 345/2002 Sb.
Ministerstva pramyslu a obchodu ze dne 11. Cervence 2002, poloz-
ka 2.2.1. O schvdleni musi byt vydén ,,Certifikdt o schvdleni typu
méfidla“ Ceskym metrologickym institutem pod zna¢kou schvaleni
typu. U v8ech zafizeni musi byt pravidelné provddéno ovéfeni met-
rologickych vlastnosti.

Piestupce je predvolavan podle paragrafu 12 odst. 1 zakona CNR
¢. 283/1991 Sb., o Policii, ve znéni pozdéjsich predpisu za Glelem
podani vysvétleni. Toto predvoldni se zahajuje na zdkladé zjisténi
prestupku proti bezpecnosti a plynulosti silni¢niho provozu podle
paragrafu 22 zdkona CNR &. 200/1990 Sb., o prestupcich, ve znéni
pozdéjsich predpisu. Odstavec (1), pismeno a) — prekroceni nejvys-
§f dovolené rychlosti stanovené zvlastnim zdkonem nebo dopravni
znackou o vice nez 30 km.h-! v obci nebo o 50 km.h-! mimo obec.
V pripadé, Ze osoba odepre vysvétleni dle paragrafu 12 odst. 3 zdko-
na CNR &. 283/1991 Sb., o Policii, ve znéni pozd&jsich piedpisi, je
zjistény prestupek predan do spravniho fizeni.

Zatizeni pro UMR musi byt vybaveno prostiedky pro tvorbu elek-
tronického podpisu zpracovanych ddaju. Cely proces automatického
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Obr. 4 Poéty vozidel a pFestupku v ramci jednodenniho méreni
Fig. 4 Counts of cars and offence events based on one-day measurement
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Obr. 3 Validace prestupkit na pracovisti operdtora dohledu
Fig. 3 Validation of offence events at workplace of the supervising operator

be remedied by corrections that are used for image pre-processing
(brightness and geometric transformations, filtering, contrasting etc.).

Classification (pattern recognition) is the final step of image proces-
sing. In most cases this means categorisation of objects found in the
image into predefined classes, for instance assigning alpha-numerical
symbols to license plate objects.

The video-detection technology also has some limitations : there can
be impacts of poor visibility due to rain, snow and fog. In all cases, vehic-
le identification will only be possible assuming readable license plates.
Unclean license plate can prevent its unambiguous automatic identifica-
tion. In some cases, it is possible to identify the vehicle ex-post based on
reference image of the license plate. In order to measure at night time as
well, the camera systems are supported with night vision that is provided
by infra-red reflectors. Unlike the human eye, the cameras “see”” even the
infra-red color spectrum. Because of that, the cameras can operate even
under total darkness while drivers are not blinded.

The scanning cameras are placed above axes of the lanes. Fig. 2 depicts
portal with cameras at the Zlichov-Radlick4 section.

MISDEMEANOR DOCUMENTS AND LEGISLATION

The evidence of misdemeanor is represented by images of the vehicle
if they clearly show that measured speed exceeded the speed limit, supp-
lemented with data necessary to prove the misdemeanor. Images at the
entrance as well as exit come with a time entry, identification and title of
the location where the image was taken. Misdemeanor documents are
typically stored on digital mediums and, if subject to misdemeanor pro-
ceedings, are further verified by a trained operator.

Equipment for MSS, used when observing the road traffic regulations,
is limited according to appendix of notice 345/2002 Sb. of the Ministry
of Industry and Trade from July 11,2002, item 2.2.1. In this approval pro-
cedure, the Czech Metrological Institution has to issue a “Certificate of
approval for the type of measurement”. Verification of metrological cha-
racteristics of all devices has to be carried out regularly.

The offender is summoned according to article 12, paragraph 1 of Poli-
ce Act CNR no. 283/1991 Sb. in the wording of later regulations to sub-
mit explication. This summoning is initiated by misdemeanor charges
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Obr. 5 Histogram prekroceni rychlosti
Fig. 5 Histogram of speeding
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Obr. 6 Informacni znacka kontroly rychlosti
Fig. 6 Speed controlling message sign

vyhodnocovéani probihd bez jakékoliv ucasti Clovéka. Zjisténé
prestupky se validuji operdtorem pomoci specializovaného softwaru
pro zpracovéni, vyhodnoceni a dokumentaci prestupku. Ukdzka
typické obrazovky softwaru UnicamPEN pro vyhodnocovéni méfe-
ni rychlosti jizdy v dseku je na obr. 3.

Pomoci prectené RZ je mozné automaticky vyhledat v centrdlnim
registru vozidel majitele, resp. provozovatele vozidla a ndsledné jej
predvolat k podéni vysvétleni. Pfedvoldnku a protokol o projednédni
prestupku je vhodné vytvaret automatizované.

VYSTUPY MERENI NA USEKU ZLICHOV - RADLICKA

Systém pro tsekové méreni je dosud instalovdn na nésledujicich
lokalitach:

1. Usek vozovky za podjezdem Zlichov — Radlickd (smér sever) —

5 jizdnich pruha

2. Strahovsky tunel — 4 jizdni pruhy

3. Tunel Mrézovka — 6 jizdnich pruhu

V prvni etapé zkouSek se zjiStovalo vlastni chovani Fidi¢i na
useku vozovky za podjezdem Zlichov — Radlickd, tedy na volné
komunikaci, a to ihned po uvedeni do provozu, kdy jest€ mezi moto-
ristickou vetejnost nevstoupilo ve zndmost, Ze se méfi. Vysledky
nebyly prekvapivé pii zndmé nedisciplinovanosti naich fidicu.

Pramérné polty prestupki prekroceni rychlosti o 20 km.h'!
v ramci typického dne jsou na grafu v obr. 4. Z celkového poctu
vozidel, kterd projela danym mistem, spachalo prestupek prekroce-
ni rychlosti cca 15 %. Toto &islo tedy znamend, Ze pokud napf.
projede jistou komunikaci 5000 vozidel denné, pak 750 z nich pre-
kro¢f rychlost 0 20 km.h!.

Typické polty prestupku prekroceni rychlosti o 0, 10, 20...km.h"!
pro jeden jizdni smér jsou uvedeny na obr. 5. Nejvy$si zaznamenand
rychlost byla 165 km.h!.

VYSTUPY MERENI VE STRAHOVSKEM
TUNELU - PROJEKT OPTUN

Ve Strahovském tunelu je rychlost vozidel méfena ve trech
fezech v kazdé tunelové troubé na zadtku, uprostred a na konci.
V intervalu péti minut je zaznamendvdna intenzita dopravy a tdseko-
va rychlost. Po odfiltrovdni chybnych tdaju je poéitdna denni pru-
mérnd tsekovd rychlost (za 24 hod). Hodnoty statistickych souboru
vykazuji varialni koeficient kolem 10 %, coZ svéd¢i o znacné sou-
rodosti dat.

V rdmci projektu OPTUN byla provedena analyza pro tfi rizné
stavy:
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with neglecting safety and traffic conduct according to article 22 of Mis-
demeanor Act CNR no. 200/1990 Sb., in the wording of later regulations.
Paragraph (1), letter a) — exceeding the maximum speed limit as stipula-
ted by special law or traffic sign by more than 30 km.h-1 within munici-
pality or by 50 km.h! in open country. In case that a person denies expli-
cation according to article 12, paragraph 3 of Police Act CNR no.
283/1991 Sb. in the wording of later regulations, the misdemeanor is sub-
mitted for legal proceedings.

The MSS device has to be equipped with means for digital signature of
the processed data. The whole process of automatic evaluation proceeds
without participation of a single person. All misdemeanors found are to
be validated by operator using specialized software for processing, eva-
luation and documentation of misdemeanors. For example of typical
image of UnicamPEN software for evaluation of measurement of section
speed see Fig. 3.

Based on the scanned license plate, it is possible to automatically trace
the vehicle proprietor or operator within the central registry of vehicles
and subsequently summon him to submit explication. It is convenient to
produce the summons as well as protocol on misdemeanor proceedings
automatically.

OUTPUT OF MEASUREMENT AT SECTION
ZLICHOV-RADLICKA

The system for section measurement has so far been installed in the
following localities:

1. Carriageway section behind underpass Zlichov-Radlickd (northern

direction) — 5 lanes

2. Strahovsky tunnel — 4 lanes

3. Mrizovka tunnel — 6 lanes

Within the first testing phase we observed the behavior of drivers at
carriageway section behind underpass Zlichov-Radlickd, i.e. open road,
and thus closely after its putting into operation when it was not yet gene-
rally known that speed is being measured. The results were not surpri-
sing, considering the infamous poor conduct of our drivers.

For average counts of misdemeanors of speeding by 20 km.h' on
a typical day see chart in Fig. 4. From all the vehicles that passed this sec-
tion, app. 15% committed a speeding misdemeanor. This number means
that if for instance there are 5000 cars that pass a given road section, then
there are 750 that exceed the speed limit by 20 km.h'.

See the following Fig. 5 for typical counts of misdemeanors of spee-
ding by 0, 10, 20...km.h" in one direction. The highest speed recorded
was 165 km.h'.

OUTPUT OF MEASUREMENT IN STRAHOVSKY
TUNNEL - OPTUN PROJECT

Inside the Strahovsky tunnel, speed of vehicles is measured in each
tunnel tube at three cross sections at the beginning, in the middle, and at
the end. Intensity of traffic and section speed is being recorded in 5 minu-
te intervals. After filtering of outliers, daily average section speed (per
24 hours) is calculated. The statistical data files exhibit a variation coef-
ficient of app. 10%, which is a sign of substantial data homogeneity.

Within the frame of the OPTUN project, we carried out analysis of
three different phases:

(1) Device for controlling the speed limit of vehicles was not yet in
operation — tested in October 2003

(2) The device was in operation, but there was no message sign placed
in the tunnel warning about the measurement of section speed of vehic-
les — September 2004

(3) Message sign was installed at the tunnel entrance, warning the dri-
vers about the measurement of section speed, see Fig. 6 — October 2004

Average daily speeds were calculated separately for the eastern tunnel
tube (ETT) and western tunnel tube (WTT) of the Strahovsky road
tunnel.

As for the phase 1 without the speed controlling device between
2992003 and 12.10.2003, average values of section speed range bet-
ween 754 — 81,91 km.h'.

For the phase 2 when message sign informing about the measurement
was not yet installed, but the public still already learned by various ways
about its existence, daily section speed dropped to interval 52,67 —
62,11 km.h'. It was tested between 27.9.2004 and 10.10.2004.



14. rocnik - €. 4/2005

(1) Zarizeni pro kontrolu

dodrzovani maximdlni povole-

. . < 90,00

né rychlosti vozidel nebylo E
v provozu: testovdno v zdri 80,00 —W —
2003.

(2) Zarizeni bylo v provozu, 70,00
ale na vjezdu do tunelu nebyla
umisténa informadéni znacka 60,00 _ —_— e ———
o méfeni usekové rychlosti: - — I
z4r{ 2004. 50,00

(3) Pied vjezdem do tunelu
byla nainstalovdna znacka 40,00
upozornujici fidice na mérfeni
rychlosti vozidel: f{jen 2004 30,00
(obr. 6).

Pramérné denni rychlosti 20,00
byly spoéitiny zvladst pro
vychodni tunelovou troubu oEe
(VTT) a zédpadni tunelovou
troubu (ZTT) Strahovského 0.00 N N
automobilového tunelu. S O O O o fp K Y Ko S5 S o g S

V piipadé (1) bez kontroly S 59 50 B Tt S (T S RSN C A CARSC R
rychlosti jsou od 29.9.2003 do A A A A
12.10.2003 prﬁmémé hodnoty ZTT 2003 VTT 2003 ZTT bez oznaceni VTT bez oznaceni ZTT s ozna¢enim VTT s ozna¢enim

usekové rychlosti mezi 754 —
81,91 km.h!.

Pokud jesté nebyla umisténa
znacka informujici o meéfeni,
sub (2), ale cestujici vefejnost
se tuto skutenost riznymi zpu-
soby dozvédéla, klesla denni tsekovd rychlost na interval mezi 52,67
— 62,11 km.h'!. Testovéno ve dnech 27.9. 2004 az 10. 10. 2004.

Po instalaci informacni znacky se rychlost jiz prili§ nezmenila, nebot’
ve dnech 25. 10. 2004 a 7. 11. 2004 leZela mezi 52,54 — 60,51 km.h'!.

Z analyzovanych vysledku a z grafu na obr. 7 je patrné, Ze rozptyl
dennich prumérnych rychlosti je velmi maly, mezi 0,5 — 1,2 km.h"!.
V roce 2003 byla primérnd rychlost vozidel v SAT priblizné 76,68
km.h' v ZTT a 77,10 km.h"' v VTT. V obdobi, kdy fidi¢i nebyli
upozornéni na méfeni rychlosti dopravni znackou, byla prumérnd
rychlost v ZTT 53,27 km.h'! a v VIT 61,23 km.h"!. V obdobi, kdy
byla znaCka nainstalovéna, &inila rychlost v ZTT 53,55 km.h!
a VTT 60,33 km.h"'. Rychlosti v ZTT jsou o néco nizi{ z toho davo-
du, Ze v ZTT je kladné stoupdni.

ZAVER

V ramci projektu OPTUN bylo prakticky ovéreno, Ze prumérna
denni rychlost v tunelu se po nainstalovéni zafizeni pro méfeni use-
kové rychlosti sniZi zhruba o 23 km.h"! ve vychodni tunelové trou-
bé ao 16 km.h'! v zdpadn{ tunelové troubé. Je nutno poznamenat, 7e
se jednd o denni priméry tsekové rychlosti, takZe se samoziejmé
mohou vyskytnout vozidla s podstatné vyssi rychlosti.

Rozdil mezi obdobim, kdy fidi¢i nebyli a byli upozornovéni na
kontrolu rychlosti dopravni znackou, nebyl timto experimentem
prakticky zjistén.

Zavérem lze Tici Ze se prakticky prokdzal vyznamny vliv zafizeni
pro méfen{ isekové rychlosti na sniZeni prumérné rychlosti vozidel
v tunelu, a tim i na zvySeni bezpe¢nosti. To je také duvod, Ze spo-
le¢nost ELTODO EG zpracovala dodatek k TP98, ktery predepisuje
povinnou instalaci pro tunely kategorie TA, lit. [4].
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Obr. 7 Zmény rychlosti iisekové rychlosti dle projektu OPTUN
Fig. 7 Changes in section speeds according to the OPTUN project

Following installation of the message sign speed did not change
very much, as between 25.10.2004 and 7.11.2004 ranged 52,54 —
60,51 km.h™.

From the analyzed results and charts in Fig. 7 it is obvious that varian-
ce of daily average speeds is very low, between 0,5 — 1,2 km.h". In 2003,
average vehicle speed reached app. 76,68 km.h" in the WTT and 77,10
km.h in the ETT. When the drivers were not warned by the message sign
about speed measurement, average speed reached 53227 kmh' in
the WTT and 61,23 km.h"' in the ETT. Once the message sign was instal-
led, speed reached 53,55 km.h" in the WTT and 60,33 km.h" in the ETT.
Speeds in the WTT are bit lower, since the WTT gradient is positive.

CONCLUSION

By means of the OPTUN project it was proved in practice that avera-
ge daily speed in the tunnel drops approximately by 23 km.h! in the East-
ern tunnel tube and by 16 km.h' in the Western tunnel tube after the
installation of equipment for measurement of section speed. It is neces-
sary to point out that these are daily averages of section speed, so there
can definitely be vehicles that travel at much higher speed. There was vir-
tually no difference observed between the phases when drivers were and
were not warned about the measurement of section speed by a message
sign.

As a conclusion, we practically proved substantial impact of the equ-
ipment for measurement of section speed on the reduction of average
vehicle speed in the tunnels and therefore on enhancing safety. This is
also the reason why the company ELTODO EG elaborated an appendix
to TP98, which incorporates obligatory installation in tunnels of the TA
category lit. [4].
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