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ABSTRACT

Highway-railway level crossings across the coumisye witnessed a number of
fatal accidents in the past. Many of the level siogs in the rural areas are not
protected by level crossing gate signals. In thanrareas where these provisions
are put in place, the operation of the level croggjate is usually entrusted to the
level crossing keeper- who opens and closes theagainst road traffic at times
that he deems necessary. This results in the g@sid opening of the gate earlier
or later than necessary as well as the intervemtiamhuman superintendent who
may not be on duty at the correct time. These factause difficulties and
possible accidents for the highway/railway usetsis work describes a control
system that uses a microcontroller to handle taffbw across a major and
typical highway-railway level crossing located in arban centre. It is seen that
the incorporation of computer methods into the apen of the level crossing
improves its safety, speed and reliability.
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INTRODUCTION

Highway-Railway level crossing traffic signal casif in the country have traditionally been operated
by level crossing keepers who use flags and sigmaps mounted on gates to warn highway users of
the approach of a train. These keepers, on siglatitrgin, physically close the railway gate against
road traffic until the train has passed after whilch gate is opened (Nigerian Railway Corporation:
General Rules, 1979) . This traditional methoddsyvmuch dependent on the human factor and has
important shortcomings:

0] There is no preemption in the system to alert igavmay users of the approach of a
train before the railway gate is closed againstrdael traffic.

(i) The gate is generally closed against road trafficaf longer period than absolutely
necessary to secure the safety of the public aal tr

(iii) The entire operation depends on the level crodetegper who may not show up for

his duty on time as has been known to happen esfyeici poor weather conditions.

These shortcomings have led to lots of inconvemidacboth the railway and highway users as well as
the occurrence of accidents on such level crossings

Traffic controls at level crossings are generadlguired to have some form of preemption. This & th
transfer from normal operations of signals to acidecontrol mode. Rail traffic preemption often
occurs when a train approaches highway-rail gradssings (Metrolinks Ttrain, 2004 and Institute of
Transport Engineers, 2004).

Preemption defines various times and these include:

(&) Advanced Preemption time which is the notificatioh an approaching train that is
forwarded to the highway traffic signal controllenit for a period of time prior to
activating the railway active warning devices.

(b) Pedestrian Clearance time is the time providedafpedestrian crossing on a crosswalk
after leaving the curb or shoulder, to travel te tientre of the farthest traveled lane or to
a median. At a normal walking speed of at leasiis2the walk interval should be at
least 7 seconds.
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Figure 1: Traffic control System (Enokela and Odz005).

(c) Queue Clearance time is the time required for tasigh vehicle stopped within the
minimum track clearance distance to start up andemthrough the minimum track
clearance distance.

(d) Minimum Warning time is the least amount of timeiae warning devices shall operate
prior to the arrival of a train at a highway-raihge crossing.

The knowledge of these times are necessary to @ngabtalculate the length of time required for the
gate to be closed against the road traffic (Insitnf Transport Engineers, 2004). The effectiveetim
that the crossing would be blocked by a train caedtimated from equation (1)

r =35+ (%.475) ...... @)

Where;
L = train length and
s = train speed.

The factor of 35 assumes approximately 25 secoeftgdthe train enters the crossing plus 10 seconds
after it clears the crossing that the crossing @aitill be blocked by gates. These times may be
adjusted us necessary for individual crossingstifine of Transport Engineers, 2004). Various
methods have been used to design traffic conteol&r highway-railway level crossings (K.L.E.
Society’s Polytechnic, Hubli, 2003; James David @han’s web site, 2004; and Goja, and Orhungur
2004). This work uses a microcontroller for theigeof the traffic controller. The advantages abth
method include low power consumption since lessiliare is required, and a high reliability that is
comparable to that achievable using a full-scaleropirocessor.

MATERIALS AND METHODS

The traffic controller has been designed using Mierochip’s PIC18F2585 microcontroller. This

microcontroller has up to 48K bytes of flash pragranemory space, 4K bytes of RAM as well as 1K
bytes of EEPROM. It also features a CPU having anddrd set of 75 instructions (Microchip

Technology Inc. 2004). The design was done in 280%he Electronics Laboratory, University of
Agriculture, Makurdi, Nigeria.

System Operation

The traffic controller system that has been devedoig indicated in figure 1 (Enokela and Ogah, 2005
The system consists of two sensors placed 1000mt, apg on each side of the road. The sensor
employed is a simple dc type which operates suahattrain on the section of the affected track wil
trigger the switch thus generating an interrupttf@ control unit circuitry. The control unit thenters

the preemption mode. Visual and audible warningagare sent out to alert the highway users of the

57



J. A. Enokela and E.J. Ibanga: Continental J. Eegging Sciences 3: 56 - 63, 2008

approach of a train. The visual signals consistedf, yellow, and green lights mounted on the gate
while the audible signal is a loud siren. Onceapproach of a train has been detected, the camtiol
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Fig. 2. Flow Chart for Traffic Controller
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triggers a siren and the yellow light is activated20 seconds so that all road users will havejadee
time to cross the rail. This period representsahening time. Warning times should not exceed 40-50
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Fig. 3: Interrupt Service Routine
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Fig. 4: Sensor and Interrupt Control Circuit
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seconds so that undesirable driver behaviour sscittampting to drive around gates can be avoided
(Federal Highway Association, 2004).

At the expiration of the warning time the gates el@sed against road traffic and the warning light
turns red. The audible signal is still turned oheDate remains closed against road traffic fogréod
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Fig. 5: Traffic Controller Circuit Showing Various Control signals

determined approximately by equation (1). When tthén triggers the second sensor the gate light
turns yellow for 20 seconds after which the gatenspand the gate light turns green. The audible
signal turns off thus completing the cycle.

Program Developments

The global flow chart for the traffic controlleriisdicated in figure 2. The program has been deezlo
using the assemble language. The processor useltfised in accordance with the assembler
(Microchip Technology Inc. 2005a). The processapecific files are loaded and the processor is
appropriately configured. The program then goes art infinite loop while checking for interrupts |
the absence of a train the green light at the igairned on and the gate is opened to road trdffie
arrival of a train is acknowledged by the generatiban interrupt signal from the sensor.

Various events occur in the interrupt routine (fg8). These consist of turning on the siren amd th
yellow traffic light to warn the highway users difet approach of a train. This is followed by a 30-
second warning time to enable all road traffic leac off the railway. The gate is then closed agfain
road traffic and the red light is turned on. Thatcol system goes into a delay mode to allow thatr
to pass. When the train trips the second sensece thea further delay to allow the last train coazh
pass through the gate which opens thereafter. iféae is then turned off while the green light isrted

on to indicate the “all clear” for the road usdtsshould be observed that once the first sensomn fr
either direction has been tripped and the gateedloghe gate will remain closed indefinitely urkie
second sensor from either direction is tripped.sTituation allows for a train to stop between the
sensors after tripping the first sensor from eitliegction.
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Hardware Design

The sensor and interrupt control circuit is givarfigure 4. The flip-flops FF1 and FF2 are configgr
as T-type (Hill and Peterson 1981) and are cleé@ed 0) at power on. This condition is assuredHzy t
power-on reset circuits &nd G. When the train wheels march the sensor switcth&flip-flop FF1

is clocked and the one-shot circuit (OS1) firesués@ which constitutes the interrupt INT1 for the
processor. INT2 is generated in a similar manrfeiNT1 occurs first while INT2 occurs later then
INT1 controls the turning on of siren, yellow ligldlosing of gate and turning on of red light while
INT2 turns off the siren, the yellow light, the rédght, opens the gate and turns on the green.light
However if INT2 occurs first the roles are reversétis behaviour of the system is accomplished in
software. The question of whether INT1 or INT2 ascfirst depends on the direction of approach of
the train.

The microcontroller connection showing various consignals at the 1/0 pins is shown in figure 5.
The interrupt signals (INT1, INT2) are inputs t@ tinicrocontroller while the other signals are otitpu
from the microcontroller and are used for varioastml functions.

RESULTS AND DISCUSSIONS

The program for the traffic controller was writtarith the aid of Microchip’s MPLAB IDE version
7.50 (Microchip Technology Inc. 2005b). After asddimg the program, software simulation was
carried out and the program was comprehensivelygtpd using the MPLAB IDE’s simulator. The
components were then wired together in softwarerenment using the NI Multisim Circuit Design
suite version 10.0.1 (National Instruments, 2008Qrmal operation of the circuit without interrupts
was observed. The circuit was interrupted by opegathe switches Sand $ and the sequence of
lighting of the LEDs connected to the port pins waserved to be correct. LEDs were used in place of
the motor drive signals. The circuit was then baiit a circuit board with the components properly
soldered together. The hexadecimal (hex) file geedrfrom the assembly process was transferred into
the program memory of the microcontroller with &id of the MPLAB In-Circuit Debugger MPLAB
ICD2 (Microchip Technology Inc. 2005c) and a hardevaimulation was carried out to observe the
performance of the physical circuit. Once moretliginitting diodes were used in place of the motors.
The lights turned on and off as desired.

CONCLUSION AND RECOMMENDATION

A highway-railway level crossing traffic controllénat operates without the intervention of a human
gate keeper has been designed and implementeddddign has utilized a microcontroller for cost
effectiveness. The traffic controller can be iraegfd with a high-powered motor required to operate
the gate and an audio system that would put cotiéh Warning signal.
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