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YK 625.1

LITERATURE REVIEW FOR IMPROVEMENT AT
RAILWAY LEVEL CROSSING

TOXWPOB 3b303bEK TYPCYHAJIMEBUY

CrapLuni npenogasarernb
TawkeHTCKuI [0CyAaPCTBEHHBIN TpaHCMNOPTHbIA YHUBEPCUTET

AHHoTauma: B gaHHOW uccnegoBatensckoil paboTe NOCTaBMEH BOMPOC, Kak MOBbICUTL GE30NacHOCTb U CO-
KpaTUTb BPeMS OXuaaHus aBTOMOOMIBHOTO TPAHCMOPTa Ha XXene3HOAOPOXHbIX nepeesdax. BonbLIMHCTBO
aBTOPOB COCPEAOTOUMINCH HA 6E30MacHOCTM M COKPALLEHUM BPEMEHW NPEAYNPEXAEHNS Ha Xene3HOA0POX-
HOM nepeesge, Apyr1e UCCcrnefoBaHWs NOKasbiBakOT, YTO CAeNaHa aHanoryHas opmyna Aans He 3aepxku
aBTOMOOMIBHOTO TPaHCMOpTa Ha nepeesge. HekoTopble UCCneaoBaTenbCkMe YHUBEPCUTETbI AENatoT CTaBKy
Ha onpefeneHne 3afepkku B noesakax 1 CBsA3aHHbIE C 3TUM pacxofdpl. PaspabaTtbiBaoTcs CUCTEMBI, KOTOpbIE
aBTOMATMYECKM COOBLLAT pasnnyHbIM NOMb30BaTENAM O COBLITUM UK NOTEHLMANBLHOM COObITUM 3abnoKu-
POBAHHOIO XENe3HOA0POXHOrO nepeesaa. KnoyeBbie cnoBa: XenesHo40pOXHbIE Nepeesbl, TPaHCNOPTHOE
CPefCTBO-TPAHCMOPTHOE CPEeLCTBO, TPAHCMOPTHOE CPEACTBO-MH(PACTPYKTYpa, OXPaHSeEMbI nepeesf, He-
OXpaHsieMbli nepeess, aBapus.

OB30P NIUTEPATYPbI ANA NOBLIWEHUA BE3OMACHOCTU HA XENE3HOAOPOXHbIX
NEPEE3[AX

Tokhirov Ezozbek Tursunaliyevich

Abstract: This paper studied how to improve safety and reduce waiting time at railway level crossings. Most
authors focused on safety and reduce warning time at a level crossing. Other researchers made the for a
route, the analogous delay formula at railway level crossing. Some research universities made to determine
travel delays and related costs. Some authors developed a system that automatically communicates the event
or potential event of a blocked railroad grade crossing to various users.

Key words: level crossings, vehicle-to-vehicle, vehicle-to-infrastructure, guarded LC, unguarded LC, accident.

Improvement Railway Level Crossing

Manabu at al. (2015) research focuses on safety and reduces warning time at level crossing. Long
warning time causes inconvenience to those who want to cross the level crossing. In this development, in or-
der to shorten level crossing warning time, they have studied two states of level crossings: normal state and
failure state. For the normal state of level crossings, developed a microelectronic level crossing controller with
built-in constant warning time control logic. For the failure state, developed a mechanism to avoid long warning
times when a level crossing detects a failure. Specifically, it connected to level crossings in a network and con-
trol them using information of other level crossings instead of the information of the failed level crossing [1].

Computation of Automobile Transport Delay at Railway Level Crossing

The first publications on the definition of vehicle delays at the intersections of land transport routes in
domestic literature appeared in the late 1940s of the last century in the works of B. D. Stange. Over time, the
problem of delays escalated, and with it the interest in developing intersection theory increased. Several for-
mulas have been proposed, but none of them has received any wide application.

Approximately the amount of delays according to the recommendations of the above authors can be
found as follows. Tall (1960) has developed, if transport units are passed through the intersection in the order
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in which they approach the intersection, then for one of the two intersecting routes, the total delay time will be:
N;N,t2 minutes per day (1)
1= qaa0
where N1 and N2 are the dimensions of traffic along intersecting routes;
t> - the time of the intersection of one unit of the "enemy route" (in minutes);
1440 - the number of minutes in a day.
For another route, the analogous delay formula has the form:
NN, t2 (2)
27 2% 1440
If one of the routes (for example, the first one) has an advantage, i.e. the flow on it is skipped without
delay, then for another route the amount of delays is determined by the formula [2]:
NN, (8 + t5)? (3)
27 21440
As noted above, experts in road and other types of urban transport, as well as urban planners worked
together with scientists and engineering and technical workers of railway transport to develop the theory of
intersections and determine the delay in rolling stock in transport networks. Polyakov (1953) was invited to

determine the costs caused by delays in the movement of land transport at the crossings.
_ n T T 1 1 n 72
HO =365 [ZN*E*a*%*}?ﬁ'S*Z(ﬁ—O‘FE)N*R(Pl +P2)E*%*R1] (4)
where N is the number of transport units of each type passing through the crossing for an average day
in both directions;
1”—8 the average number of the closing of the move within one hour (with the omission of n trains for the

period from 6 to 24 hours);

t - average duration of the closed state of relocation (min.);

R - cost of transport unit idle time, doll / hour;

S - the length of the section on the approaches to the crossing, including the moving zone and the ac-
celeration distance to normal speed, km;

U - average speed of ground transport in the moving zone, km/ h;

P |+ P2 - the number of passengers and pedestrians, respectively, passing and passing for an average
day through crossing in both directions;

R: - average cost of lost person-hour, doll.

The above formula allows you to determine the travel delays and related costs not only for rolling stock,
but also take into account the economic damage caused by the delay of passengers and pedestrians, as well
as from the decrease in the speeds of ground transportation in the moving zone [3]. Taggard (1987) explored
some formulas for calculating the travel delay experienced by each vehicle when crossing a level. These
equations are based on the average annual turnover, vehicle traffic and closing time, which is calculated from
the average length of the train and the average train speed at the transition [4].

Hakkert and Gitelman (1997) developed a simplified tool for assessing level crossings in Israel. From
the field data collected in the 31 most problematic locations, they calculated the cost of security problems and
travel delays and used them to compare the crossing characteristics of the levels [5]. Okitsu et al. (2010). had
undertaken a 24-hour video record at 33 level crossings in Los Angeles County's San Gabriel Valley. From the
recordings, they determined several parameters such as upstream traffic signal phasing and downstream sig-
nal green-to-cycle ratios and applied them to Webster's intersection delay model. Thus, delay caused by
blockages at level crossings in every individual event throughout the day could be identified.

D=[AR*Q*(B+LT)]2 (5)

Where:

D = Total delay in vehicle-hours;

B = Duration of blockage event in hours

AR = Vehicle arrival rate in vehicles per hour;
LT = Lost time in hours
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Q = Queue Duration in hours6].

Schroder and Hoffpauer (2001) developed a methodology for prioritizing the potential locations of high-
way and railroad separation in Central Arkansas. In this method, the time delay at the intersection of level
crossing is one of the seven factors included in their analysis, and is estimated using the formulas developed
by Taggart et al. (1987) [7]. Haque et al. (2012) has analyzed three different scenarios for econometric analy-
sis. First scenario is without the proposed relocation and no improvement of the existing road-rail junctions.
Secondly, without relocation but with grade-separated level crossings at 9 major locations is analyzed. Lastly,
it considers the with relocation strategy. An equation to determine rail delay was derived from one of the un-
derlying equations of traffic flow theory- the Webster equation. Details about how this equation was changed
are presented in a memorandum Access Duwamish Grade Delay Analysis (Heffron Transportation, 1997). The
resulting equation determines the total delay in vehicle-hours for a single roadway approach during one hour.
Delay for each hour for each direction was found from equation:

Anur?
Y72 ©)

These values are then combined for the whole day and the total level crossing. Where, D = Total delay in
vehicle-hours, A = Arrival rate of vehicles (Vehicles per hour), u = Queue dissipation rate (Vehicles per hour), r
= Average blockage time at crossing (hours), n = Number of blockages per hour (similar in magnitude) [8]. Peter
et al. (2014) were analyzed on the basis of a geographic information system: a service area analysis showing
how the fire service responders' service area is changing with and without the class transition blocking; and
network analysis To assess the impact of grade crossing monitoring system on the response time of firefighters
with or without blocking. Both analyzes are quantitative, and both can visually display the results. Results avoid-
ing the rounds made on assumption that the road is blocked, avoiding the route being blocked, and then Bypass
and select wait on the transition to lock to clear when grade crossing monitoring system indicates that this is
more efficient than the bypass route [9]. Rempel et al. (2015) had created and got a patent a system that auto-
matically communicates the event or potential event of a blocked railroad grade crossing to various users, in-
cluding but not limited to emergency dispatchers and drivers, news media, traffic management system, and the
general public, specifically the location, time, and duration of the event or potential event. The system applies
multiple technologies to detect the presence of activity on a rail line, transmits this detection data a database,
performs various analyses on the data, and communicates the status of grade crossing (blocked, potentially
blocked, upcoming blocked, or clear) to assist various users with information to make more informed decisions
[10].

Driver Behavior in Level Crossing

U.S. Department of Transportation Federal Railroad Administration (2008), the review of articles and re-
searched studies focused on those that addressed human behavior at grade crossings. The research focused
on the factors influencing driver behavior, influence to driving skills and those that influence driving style, re-
spect, driving skills age, experience, internal or external distractions, and driver impairment. Because negotiat-
ing a grade crossing is only one aspect of the driving task, research addressing general driving behavior was
included when relevant to the grade crossing problem. The document includes literature addressing the effec-
tiveness of countermeasures on driver compliance [11]. Steven et al (2018) from the paper describes driver
behavior at simulated rail crossings modeled after real-world crossings included in the Naturalistic Driving
Study dataset. Results suggest that drivers may not react properly to cross bucks and active warnings in the
off position. Participants performed the safest behaviors in reaction to STOP signs. The majority of participants
also reported an increase in vigilance and compliant behaviors after repeated exposure to railroad crossings,
which was supported by the results of a linear regression analysis [12].

Active Control Level Crossing

Adam Sidebottom (2016), Active Control Level Crossing - a road pedestrian level crossing where warn-
ing equipment warns road users and pedestrians about approaching rail traffic by devices such as flashing
light or barriers. An Active Control Level Crossing Protection monitoring device will start to operate if it is de-
tected that the railway traffic reaches a predetermined warning distance from the rail level crossing. This varies
to provide an adequate warning period corresponding to the maximum track speed. The activation point can
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be a fixed position determined by design calculations or may be determined dynamically by the level crossing
prediction system if it is installed [13].
Railway level crossing and connected vehicle technology

- a grade-crossing warning system was developed to warn drivers of the presence of a train approach-
ing the level crossing, either gated or ungated.

-a system was a low-cost supplement that uses wireless communications at the level crossing to deliver
in-vehicle warning messages for equipped vehicles.

Communication Protocols in a connected vehicle and Grade-Crossing Technology

1. Vehicle-to-infrastructure (V2I) technology offers the potential for bi-directional exchange of data be-
tween vehicles and roadway infrastructure;

2. It aims to coordinate vehicle group behaviors based on collected information about traffic and road
conditions.

- includes velocities and accelerations of vehicles based on traffic congestion;

-includes information about the status of a level crossing;

-controls infrastructure to improve road safety;

-includes broadcasting messages via road displays or adjusting traffic signals;

-alerts motorists when it is unsafe to enter intersections and level crossings;

Autonomous vehicle technology development.

-development of autonomous vehicles in real-world operational test environments are limited to a subset
of operational scenarios that occur in roadway operations, including level crossings.

- future development of autonomous vehicle platforms should consider all operational scenarios, particu-
larly grade crossings.

- integrating existing connected vehicle technology at grade crossings into autonomous vehicles builds
upon the functional the ability of autonomous vehicles ensuring safe and efficient level crossing interaction.
Engaging original equipment manufacturers and Tier 1 suppliers will help to define the state of autonomous
vehicle technology and the readiness of these systems as they relate to safe navigation of level crossings [14].
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