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ZEKiI HEMZEMIN GECIT TASARIMI, PROTOTIP GERCEKLESTIRILMESI VE
KONTROLU

Diinyanin her gecen yil niifusu artmakta oldugundan yolcularin, 6zellikle giivenli ve hizh
olmasindan dolayr demiryolu seyahatini tercih etmeleri kaginilmaz hale gelmistir. Bu sebepten
dolay1, asir1 talep tlizerine baz1 glivenlik dnlemlerinin ilerleyen teknolojik gelismelerden dolayz,
giinlimiizde, hemzemin gegcit sistemleri, demiryolu sistemlerinin ¢ok 6nemli parcalar1 haline
gelmistir. Kontrolsiiz hemzemin gegitler; demiryolu sartlart ve hizli gegisler nedeniyle arag
strticiileri i¢in ¢ok biiylik tehlike olusturmaktadir. Bu calismada akilli demiryolu ve gegcit
tasarimi ile akilli sensér ve kontrol teknolojili analiz hakkinda bir arastirma yapilmgtir. Ik
olarak, biitiin sartlar saglanarak ve araglar kullanilarak prototip tasarland:. Ikinci olarak ise;
sistemin prototipi tasarlanmis sartlara gére kuruldu. Tren sistemi farkli ¢calisma hizlarinda test
edildi. Bununla birlikte, sistemin titresimleri farkli ¢alisma hizlar igin analiz edildi. Diger
taraftan ise, gecidin kapanis ve agilis siireleri, demiryolu sistemlerinin farkli hizlarma gore
degismektedir. Demiryolu Hemzemin Gegidi kazalar1 ender gorlen bir olay olarak kabul edilse
de etkisi genellikle siddetlidir. Zira Demiryolu Hemzemin Gegidi giivenlik sistemleri karmagiktir
ve en az iki tasimacilik modunu ele alirlar. Is giivenligi miihendisliginin temel kavraminin
parcalar1 olan; miithendislik altyapisi, hemzemin geg¢idi ¢evreleyen ortam ve insan faktorleri de

model i¢inde degerlendirilecektir.

Anahtar sézciikler: demir-yolu hemzemin ge¢idi, tren sistemi, titresim analizi



DESIGN OF INTELLIGENT LEVEL CROSSING, PROTOTYPE
IMPLEMENTATION AND CONTROL

Due to increased population in the world, it is necessary to prefer railway travelling for
passengers. Nowadays, rail-way crossing system are very important parts of railway systems.
Uncontrolled railway crossing; it becomes very dangerous for car drivers; because of railway
conditions and fast passing. In this study, intelligent railway and crossing design and analysis
with intelligent sensor and control technology was made a research. Firstly, the prototype were
designed with all instruments and conditions. Secondly; the prototype of system was set-up as
designed conditions. The train system was tested with different working speeds. However, the
system’s vibrations were analyzed for different working speeds. On the other hand the closing
and opening times were changed with different speeds of railway systems. Even though
Railway Level Crossing accidents can be considered as a rare event, the impact is often severe.
Since Railway Level Crossing safety systems are complex and dealing with at least two
transport modes. The components of basic concept of safety engineering; engineering
infrastructure, level crossing surrounding environment and human factors will be also

considered in the model.

Key words:rail-way crossing, railway systems, vibration analysis



1.GIRIS

Teknolojik gelismelere ragmen; lilkemizde 6zellikle hemzemin gegitlerin iyilestirilmesine ve
gelistirilmesine yonelik calismalar ¢ok iyi diizeyde degildir. Bundan dolayi, maddi ve can
kayipli hemzemin gegit kazalarinin dniine gecilememektedir. Bu proje calismasinda; akillt
hemzemin gecit sistemi iizerine tasarim gergeklestirilmis, uygulamali olarak; mekatronik
sistem Ozelligine sahip bir prototip sistem lizerine yogunlasilarak bu sistem tlizerinde hemzemin
gecit giivenligine dair ¢aligmalar yapilmistir. Bu calismada sensor teknolojisi ve kontrol
uygulamasi ile gelistirme yapilmis, prototip sistem farkli ¢aligma hizlar1 ve farkli yiikkleme
sartlar1 i¢in test edilerek hemzemin geg¢it bariyerlerinin trenin hizina gore kapanmasi saglanmis,
bdylece hemzemin gecitlerde meydana gelen zaman kayb1 azaltilmaya calisilmistir. Ayrica;
laboratuvarimizda mevcut olan; titresim Ol¢iim sistemi ile gercek zamanli ivme ve giiriiltii

etkileri de sistem tizerinden farkli calisma hizlar1 ve yiikleme sartlari i¢in elde edilmistir.



2.GENEL BIiLGILER

Karayolu ile demiryolunun ayni zemin lizerinde oldugu ya da birbirlerini ayn1 diizede kestikleri
es diizey gecitlere “Hemzemin Gegit” denir. Hemzemin gegcitlerin, trenin gelisi sirasinda

giivenli bir bicimde kapanmasini saglamak insan hayati agisindan 6nemli bir yere sahiptir.

Sekil 1. Hemzemin Gegit

Hemzemin gegitler, kullanim alanlarina ve imkanlarma goére farkli farkli siniflandirmalara
sahiptirler. Genel olarak;

- Bariyersiz-Bekg¢isiz Hemzemin Gegitler

- Bariyerli-Bekg¢ili Hemzemin Gegitler

- Bariyerli-Otomatik Hemzemin Gegitler
seklinde smiflandirilabilirler. Sekilde 1°de beriyerli-bekg¢ili hemzemin gecit goriiniimii
verilmistir. Gliniimiizde kullanilan bariyerli-otomatik hemzemin gegitlerde ise, gegitten 1.5 km
uzaktaki ve diger raylardan izole edilmis, iki raya + ve - kutup kablolar1 baglanmaktadir. Tren
bu iki rayin iizerinden gectigi anda anahtar vazifesi gorerek devreyi tamamlamaktadir. Boylece
hemzemin gegit sisteminde Oncelikle 151kl1 ve sesli uyar sistemleri ¢alisarak, bu sistemlerin
calismasindan on saniye sonra hemzemin gecit bariyerleri kapanmaktadir. Fakat raylara
baglanan bu kutup kablolarinin acikta olmasi, giivenli bir sekilde baglanmamasi, kopma
tehlikesi olmasi biiyiik bir risk arz etmektedir. Kutup kablolarmin baglant1 yeri ile elektrik
panosu arasinda kablolarin tehlike bicimde acgikta olmasi sistem igin biiyiik tehlike arz
etmektedir. Eger kutup kablolarindan birisi herhangi bir nedenle kopacak olursa; tren gelisi

sirasinda anahtarlama vazifesi géremeyecek ve sistem trenin geldigini algilayamayacag i¢in



biiyiik kazalarin olugmasi kaginilmaz olacaktir. Bu sebepten dolayi bariyeri kapatacak sistemin
giivenli ve ariza egiliminin minimum diizeyde olmasi gerekmektedir. Bu amagla, bu projede
mevcut mekanik sistemlere entegre edilebilecek kompakt ve giivenli bir sistem gelistirilmistir.
Mevcut sistemlerin en biiyiilk dezavantajlarindan biri ise bariyerlerin kapanarak trenin
hemzemin gecitten gegmesinin bilyiik zaman araliginda yaganmasidir. Tren hizi ne olursa olsun,
trenin hemzemin gegite olan uzakligi 1.5 km mesafe kalinca bariyerler kapanmak
durumundadir. Yani trenin hiz1 120 km/saat veya 10 km/saat olsa bile bariyerler ayn1 mesafeden
kapanmaktadir ve eger trenin hiz1 daha diisiik ise kapali kalma siiresi daha uzun olmaktadir.
Buda hemzemin gegitte bekleyen siiriiciiler i¢in biiyilk zaman kaybimna yol agmaktadir.
Hemzemin gegitte trenin gegmesini beklerken ¢ogu siiriicii sabirsiz davranarak bariyerleri
caprazlama seklinde gecmeye ¢alismakta ve can kayiplarinin oldugu biiyiik kazalar meydana
gelmektedir. Istatistiki veriler incelendiginde, iilkemizde hemzemin gegitlerde olusan
carpismalarin demiryolu kazalari iginde 6nemli bir yer tuttugu goriilmektedir. 2001-2011 yillart
arasinda olusan tiim demiryolu kazalarinin ortalama %35'i hemzemin gegit kazasi seklinde
meydana gelmistir. 2010 yilindan itibaren hemzemin gegitlerde yapilan iyilestirmelere ragmen
hemzemin gecit kazalarinin toplam demiryolu kazalar1 i¢indeki oran1 ancak %20 lere kadar
dismistiir. Asagida Tiirkiye Cumhuriyeti Devlet Demir Yollarinin hazirladigi istatistik
yilliklarindan alinan verilerle olusturulmus tablolar verilmektedir. Tablo 1°de yillara gore
demiryollarinda yasanan kaza sayilar1 ve hemzemin gecit kazalarinin toplam kazalardaki pay1
gosterilmistir. Tablo 2’de ise yillara gore hemzemin gegit kazalarindaki 6liim ve yaralanma

sayilar1 verilmistir. [1]

Tablo 1. Demiryollarinda yasanan kaza sayilar1 ve hemzemin gecit kazalarinin toplam

kazalardaki payi [1]

YILLAR Toplam Kaza HG Kazalarn = HG Kazalan
Sayisi Sayilari (%)
2001 636 246 38,68
2002 478 189 39,54
2003 556 197 35,43
2004 555 214 38,56
2005 522 194 37,16
2006 455 157 34,51
2007 394 139 35,28
2008 386 118 30,57
2009 299 85 28,43
2010 194 46 23,71

2011 177 42 23,72



Tablo 2. Yillara gore hemzemin gegit kazalarindaki 6liim ve yaralanma sayilari [1]

ISLETME KAZALARI 2007 2008 2009 2010 2011
Hemzemin Gegit Kazalar1 | 139 118 85 46 42
Olii Sayisi 43 37 38 25 36
Yaral Sayisi 143 114 203 64 61

Yapilan bu proje ¢alismasi akilli titresim algilama ve kontrol sistemler igerdiginden 6zellikle
bir bek¢i veya operatdr bulunmasi zorunlulugunu ortadan kaldirmis tam otomatik ve akilli bir

sistem ortaya koymustur.

Titresim konusu literatiirde ¢ok fazla arastirilmis ve halen gecerliligini koruyan bir konudur.
Titresim, cisimlerin sabit bir referans eksene veya nominal bir pozisyona (denge konumu) gore
tekrarlanan hareketi olarak ifade edilir. Bu salinimlar bir sarkacin hareketi gibi periyodik
olabilecegi gibi cakilli bir yolda tekerlegin hareketi gibi rastgele de olabilir. Titresim her yerde
mevcut olan ve mihendislik tasarimlarinin yapisini etkileyen bir olgudur. Titresim
karakteristikleri miithendislik tasarimlari i¢in belirleyici faktor olabilir. Titresim bazen zararh
olabilir ve kaginilmalidir, bazen de oldukga yararlidir ve istenilir. Her iki durumda da titresimin
nasil analiz edilecegi, dlgiilecegi ve kontrol edilecegi miihendislik i¢in dnemli bir bilgidir.
Titresim teorisi cisimlerin ve ilgili kuvvetlerin salinimli hareketleri ile ilgilenir. Sekil 2°de
goriilen saliimli hareket, harmonik hareket olarak adlandirilir ve asagidaki formiil ile ifade
edilir. [2]
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Sekil 2. Basit Harmonik Hareket
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Burada "x" hareketin genligi, "o" hareketin frekansi ve "t" zamandir. Titresim olay1 potansiyel
enerjinin Kinetik enerjiye, kinetik enerjinin ise potansiyel enerjiye doniisiimiinii icermektedir.
Bu nedenle titresim yapan sistemler potansiyel enerji ve kinetik enerji depolayan elemanlara
sahip olmalidir. Potansiyel enerji depolayan elemanlar yay veya elastik elamanlar, kinetik enerji
depolayan elemanlar ise kiitle veya atalet elemanlaridir. Elastik elemanlar potansiyel enerji

depolar ve bu enerjiyi atalet elemanina kinetik enerji olarak geri verir.[2]

Titresim yapan sistemlerin analizi i¢in ilk olarak sistem yapisini yeterli derecede ifade edecek
igerikte bir matematik model olusturulur. Olusturulan model sistemin temel titresim
hareketlerini yeterli yaklagiklik ile ifade edilecek nitelikte basitlestirmeler i¢erebilir. Matematik
model olusturulurken titresim sisteminde bulunan elemanlarin lineer veya lineer olmayan

Ozellikleri belirtilir. [5]

Titresim yapan sistemlerde potansiyel ve kinetik enerji depolayan elemanlar ile sonimli
sistemlerde enerji sonlimiinii saglayan elemanlar mevcuttur. Bu elemanlara ait denklemler

asagida verilmistir.

Elastik Elemanlar (Yaylar): Yaylar titresim sistemlerindeki kiitleleri birbirine baglayan ve
kiitlelerin bagil hareketlerini saglayan elemanlardir. Yaylar lineer ve nonlineer karakteristige
sahip olabilirler. Lineer karakteristige sahip yaylar Hooke yasasina uygun davranirlar ve yayda
olusan elastik kuvvet yaydaki sekil degisimi ile orantilidir. Fakat titresim genliklerinin yiiksek
oldugu zaman ve/veya metal olmayan malzemeler kullanildiginda yaylar lineer davranisa sahip

olmayabilirler. Sekil 4’ te baz1 yay karakteristikleri gosterilmistir. [2]

I—» k _‘.. 4+ F(x) 1o 3 .
F | F i LEx) =kx
| ! ! 2. F(x)=kx
' ‘ ! i 2. F(x)=kx?
F=k(x;-x;) i) 4.F(x)=kx®
Ep=%k(x2_xl)2 o x

Sekil 4. Yay Karakteristigi

Titresim yapan mekanik sistemlerde potansiyel enerji depolayan esnek elemanlarin paralel ve

seri olmak tizere farklh konfigiirasyonlar1 bulunabilir. Bu durumlarda esdeger direngenliklerin



elde edilmesi gereklidir. Seri ve paralel baglant1 durumlari i¢in esdeger hesaplari asagidaki gibi

ifade edilir.

Paralel Baglanti: Bir mekanik sistemde paralel yay konfigiirasyonu s6z konusu ise esdeger yay

katsayist su sekilde hesaplanabilir

Sekil 5. Es Deger Yay Gosterimi

n n
ZF = kyx 4 g 4 ko = (kg 4 ey 4 o k)X = (Z kl-).x = kes.x
n=1

n=1

Seri baglantida tiim yaylardaki kuvvet ayni olup toplam ¢dkme tiim yaylardaki ¢okmelerin

toplamina esittir. [2] Sekil 6’da seri bagl yaylarin gosterimi verilmistir.

X=X +X2 +...+Xn

Sekil 6. Seri Bagli Yaylarin Gosterimi

Bir tren vagonunun modellenmesi ise, vagon kiitlesi M olmak {iizere Sekil 7’ de verilmistir.
Burada vagon gdvdesi ve teker sistemleri arasi iligki, sonliim elemanlar1 ve yay elemanlari ile

modellenmistir.



Sekil 7. Bir Tren Vagonunun Titresim Modeli 8]

Bir tren vagonu ve raylar arasindaki temas iliskisine ait titresim modeli ise Sekil 8’de

verilmistir.

yz dizleminden gériinis xy dizleminden gdrinis

Assumed elliprical
corfact ared

Stip /1 Stk Rolling
VA0 Direction

b| BTG

xz dizleminden gdrinds Temas alani

Sekil 8. Teker-Ray Iliskisinin Titresim Modeli [7]



3.GEREC VE YONTEM

Bu ¢alismada, giinlimiizde uygulama alan1 oldukg¢a genisleyen ve hizla kullanimi yayilan
ARDUINO sistemi ve bu sistem ile uyumlu sensorler kullanilmistir. Arduino gevresiyle kolay
bir sekilde etkilesime girebilen bir sistemdir. Kendi tizerinde bulunan mikro denetleyici kolay
bir sekilde programlanarak istenilen iglemleri yerine getirmesi saglanabilmektedir. Arduino ¢ok
genis kapsaml1 bir platformdur. Uzerinde analog ve dijital giris-cikislar bulunmaktadir. Mikro
denetleyici bu girislerden alinan sinyallere gore programlanarak dijital cikislara istenilen

komutlar verilebilmektedir. Sekil 9' da Arduino platformu goriilmektedir.

Sekil 9. Arduino Platformu

Arduino platformu birgok eleman ile baglanti yapabilmektedir. Bu calismada Arduino
platformuna titresim sensorii baglanmis ve bu sensdrden alinan olan verilerin karakteristikleri
oncelikle bilgisayar ortaminda incelenerek trenin, farkli hizlarda ve farkl yiikleme sartlarinda
olusturdugu titresimlerin Ozellikleri belirlenmistir. Daha sonra bu titresim karakteristikleri
Arduino ile iglenerek hemzemin gegit bariyerlerinin uygun zamanda kapanmasi saglanmistir.

Yontem asagidaki is akis semasi iizerinde tanitilmaya caligilmastir.



Titresimi Analiz Et

A
Tren gelmiyorsa

A 4

Tren geliyorsa

&
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Uyar ikaz sistemini gl1§t1r
ve bariyerleri kapat Hasivedleri Acsk Tit

Tablo 1. Is akis semas1

Sekil 10’ da proje kapsaminda alimi yapilan prototip sistemin genel goriiniisii verilmistir.

Prototip sistem, gercek sistemlere oranla 1/22.5 Slgegindedir. Prototip tren sistemi 1 g¢ekici

lokomotif ve 3 adet vagondan olusmaktadir.



Sekil 10. Prototip tren-hemzemin gegit sistemi

Prototip sisteminin biitiin araglar1 Sekil 11°de resmedilen kategoriye gore ¢izilmis ve ana

hatlartyla belirtilmistir.

Gii¢ Unitesi Kontrol Organi

Hemzemin
Gecit Sistemi

Srvo
Motorlar

Sekil 11. Demir yolu hemzemin gegcit sisteminin sematik gosterimi



4 BULGULAR

Sistem, titresim analizi i¢in farkli ¢alisma hizlari ile test edilmistir. Sistem Oncelikle Arduino
ile uyumlu titresim sensorlil ile yavas, orta ve yliksek hizlarda ve bu hizlarin her biri i¢in ise
yiiksiiz, sadece yolcu vagonu yiiklii ve hem yolcu vagonu hem yiik vagonu yiiklii haller i¢in
test edilmistir. Agirlik olarak yolcu vagonundaki her bir koltuga, insan agirligini temsil etmek
tizere 7 gramlik agirliklar konulmustur. Hem yolcu vagonu hem yiik vagonu dolu hal ig¢in ise,
yiik vagonuna 1.5 kg’lik kiitle konulmustur. Titresim deneyleri 2 grupta yapilmistir. Birinci
grup, diiz ray hatt, ikinci grup ise kivrimli ray hatti i¢indir. Sekil 12 de ray hatlarinin gériiniimii

verilmigtir.

Sekil 12. Diiz ve kivrimli ray hatt

Test sonuglarina gore Arduino programlanmistir. Boylece Arduino trenin raylarda olusturdugu
titresimlerin analizi yapilarak trenin hiz1 belirlenmis ve hemzemin gecit bariyerlerinin bu hiza
gore kapanmasi saglanmistir. Gegit bariyerleri kapanmadan 6nce, 6ncelikli olarak sesli ve 1g1kl1
ikaz sistemleri ¢calismakta ve birkac saniye sonra gegit bariyerleri kapanmaktadir. Trenin hizi
yiiksek ise gecit bariyerleri hizli bir sekilde, yavas ise, ge¢it bariyerleri daha ge¢ kapanmaktadir.

Asagida prototip sistemin farkli calisma sartlarina gore alinan titresim grafikleri verilmistir.
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Sekil 13. Yavas hiz ve yiikstiz durumda diiz ray yolundaki titresim degisimleri
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Sekil 14. Orta hiz ve yiiksiiz durumda diiz ray yolundaki titresim degisimleri
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Sekil 15. Yiiksek hiz ve yiiksiiz durumda diiz ray yolundaki titresim degisimleri
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Sekil 16. Yavas hiz ve yolcu vagonu dolu durumda diiz ray yolundaki titresim
degisimleri
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Sekil 17. Orta hiz ve yolcu vagonu dolu durumda diiz ray yolundaki titresim

degisimleri
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Sekil 18. Yiiksek hiz ve yolcu vagonu dolu durumda diiz ray yolundaki titresim
degisimleri




ivme (m/sn”2)
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Sekil 19. Yavas hiz ve yolcu vagonu ile yiik vagonu dolu durumda diiz ray yolundaki
titresim degisimleri
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Sekil 20. Orta hiz ve yolcu vagonu ile yiik vagonu dolu durumda diiz ray yolundaki
titresim degisimleri

ivme (m/sn”"2)

1 2 3 4 5 6 7 8

Zaman (sn)

Sekil 21. Yiiksek hiz ve yolcu vagonu ile yiik vagonu dolu durumda diiz ray
yolundaki titresim degisimleri




(€]

4
o
<
s 3
S~
£
o 2
£
2

1

0

1 2 3 4 5 6 7 8
Zaman (sn)

Sekil 22. Yavas hiz ve yiiksiiz durumda kivrimli ray yolundaki titresim degisimleri
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Sekil 23. Orta hiz ve yiiksiiz durumda kivrimli ray yolundaki titresim degisimleri
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Sekil 24. Yiksek hiz ve yiiksiiz durumda kivrimli ray yolundaki titresim degisimleri
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Sekil 25. Yavas hiz ve yolcu vagonu dolu durumda kivrimli ray yolundaki titregim
degisimleri
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Sekil 26. Orta hiz ve yolcu vagonu dolu durumda kivrimli ray yolundaki titresim

degisimleri
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Sekil 27. Yiiksek hiz ve yolcu vagonu dolu durumda kivrimli ray yolundaki titresim
degisimleri
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Sekil 28. Yavas hiz ve yolcu vagonu ile yiik vagonu dolu durumda kivrimli ray
yolundaki titresim degisimleri
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Sekil 29. Orta hiz ve yolcu vagonu ile yiik vagonu dolu durumda kivrimli ray
yolundaki titresim degisimleri

ivme (m/sn)

1 2 3 4 5 6 7 8

Zaman (sn)

Sekil 30. Yiiksek hiz ve yolcu vagonu ile yiik vagonu dolu durumda kivrimli ray
yolundaki titresim degisimleri




Ayrica prototip sistem, Erciyes Universitesi Mekatronik Miihendisligi béliimiinde mevcut olan
4 kanalli ivme 6lgme cihazi ile de test edilmistir. Her bir test icin 4 adet ayn1 teknik 6zelliklere
sahip ivme sensorleri kullanilmistir. Bu sensorler, sistemin hemzemin gegite gore, ilk olarak
sag tarafina yerlestirilerek {i¢ farkli hiz (yavas-orta-yliksek) icin titresim verileri alinmistir.
Daha sonra ivme sensorleri sistemin sol tarafina yerlestirilerek yine {i¢ farkli hiz i¢in titregim
verileri alinmistir. Ivme sensorleri her iki test grubunda da tam karsilikli olarak, hemzemin
gecitin hemen yanina, viraja girme yerine, diiz hat iizerine ve viraj ¢ikisina yerlestirilmistir. Sag
sistemde, sol sisteme gore farklilik olarak, ikinci sensoriin yerlestirildigi yerdeki raylarin
birlestigi noktadaki aralik biraz daha fazladir. Bu yiizden titresim pik nokta degerleri sol sisteme
gore daha yiiksek ¢ikmistir. Sag sistemde iiglincii sensoriin bulundugu konumun hemen
yakininda ise bir makas hatti1 bulunmaktadir. Bu da biitiin hizlara gore titresim pik degerlerinin,
sol sisteme nazaran, daha yiiksek olmasina neden olmustur. Ayrica biitiin testlerde, hiz arttikca
titresim sikliginin artisina paralel olarak biitiin titresim sensorlerinden alinan pik nokta

degerlerinde artis oldugu goriilmektedir.
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Sekil 32. Sistemin sag tarafi i¢in yavas hizda ki ivme degisimleri
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Sekil 33. Sistemin sag tarafi i¢in orta hizda ki ivme degisimleri
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Sekil 34. Sistemin sag tarafi i¢in yiiksek hizda ki ivme degisimleri



Sekil 35. Sistemin sol tarafinda ki titresim sensorlerinin konumlari
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Sekil 36. Sistemin sol tarafi i¢in yavas hizda ki ivme degisimleri
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Sekil 37. Sistemin sol tarafi igin orta hizda ki ivme degisimleri

Sekil 38. Sistemin sol tarafi igin yiiksek hizda ki ivme degisimleri



6.TARTISMA VE SONUC

Projede, hemzemin gegit bariyerlerinin, tren gegite yaklastig1 zaman, sistemin rayda olusan tren
titresimlerini algilayarak otomatik olarak kapanmasini saglama ¢alismasi yenilik igermektedir.
Literatiirlerde hemzemin gegitlerin giivenligi ile ilgili ¢ok az ¢alisma mevcuttur. Bu ¢calismalar
icerisinde radyo frekansli veya treni algilayict sensorleri olan sistemler mevcuttur. Radyo
frekansli sisteme bagka bir frekans karigsmasi, sensorler arasina bagka nesnelerin girebilme
ihtimali bu sistemlerin en biiyiik dezavantajlarindan olmaktadir. Diger ¢alismalarda ise mevcut
sistemlere bazi bariyer eklemeleri veya kamera sistemi eklenmesi gibi ek gilivenlik dnlemleri
ele alinmistir. Fakat literatiirde titresim temelli hemzemin gegit sistemi ile ilgili herhangi bir
calismaya rastlanmamustir. Bu ¢alismada gelistirilen prototip sistemde, mevcut sistemdeki
olumsuzluklarin ve yasanan kazalarin Oniine gecilmeye calisilmasi 0zgiin etki olarak

vurgulanabilir.

Proje kapsaminda elde edilen sonuglari ve proje amacini iceren 1 adet uluslararasi bildiri
“International Conference on Science, Management, Engineering and Technology (ICSMET-
2015) ” isimli etkinlikte Mart 2015°de DUBALI ‘de , 1 adet uluslararasi bildiri “International
Conference on Science and Innovative” isimli etkinlikte Agustos 2015’ de LIZBON’da

sunulmustur.

Ayrica yine farkli titresim verilerinden elde edilen sonucglardan ¢ikartilan 1 adet uluslararasi
yayin, “International Journal of Emerging Technology and Advanced Engineering” isimli

dergide Mart 2015°de yayimlanmugstir. Bildiri ve yaymlar ek’te verilmistir.
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Abstract- As well known, commercial transports with railways are very important for secure travelling and conditions. In
recent years, in spite of advanced high technology, there is still aircrafts, cars, and buses crashes in the world for travelling.
Because of these reasons, it is preferable and inevitable to prefer railway travelling for passengers. Nowadays, rail-way
crossing system are very important parts of railway systems for car, bus and van drivers. Uncontrolled railway crossing
(URC); it becomes very big problems and dangerous for car drivers; because of railway conditions and fast passing. An
investigation on intelligent railway and crossing design and analysis with intelligent sensor and control technology are
outlined in this paper. Firstly, the proposed prototype were designed with all mechatronic elements such as instruments and
conditions. Secondly; the proposed prototype of electro-mechanics system was set-up as designed conditions. However, the
train system’s vibration was analyzed with different working speed conditions and rail-way profiles. On the other hand the
closing and opening speeds times were changed with different speeds of railway systems.

Index Terms - Rail-Way Level Crossing, Train System, Vibration Analysis.

I. INTRODUCTION

Moving objects crossing in front of the train may
cause grade-crossing crashes. For instance, detection
of obstacles (people, vehicles) crossing in front of the
train will be an important potential solution.

Some researcher’s results that have been investigated
by other researchers. Some Railway Level Crossing
(RLC) accidents is one of the major contributing
factors of railway related fatality problems in many
countries. In Turkey, safety issues at RLC are very
serious relative to those of developing countries.
However, RLC accidents have continuously become
a problem in railway industries in especially when it
involved fatalities. RLC is considered as a unique
intersection. The systems are complex and dealing
with at least two mode of transport. Therefore
collision between motor vehicles and trains is likely
to happen at RLC and cause catastrophic
consequences [1], [2].

Safety and the operational problems at RLC can be
further classified into highway and railway. The
highway component comprises drivers, pedestrians,
vehicles and roadway segments, whereas the train
component is classified into train and track at
crossing locations. The functions and characteristics
of the two components and their corresponding
elements represent the risk at RLC locations. Various
studies have been conducted in many countries,
based on a range of issues associated with safety
level at RLC. Accident at RLC may be caused by a
single factor or by the combination of many other
factors. There is a growing realization of the need to
consider contributory factors involved in accidents at
RLC. Caird [3] has recommended that emphasis need
to be focused on the multiple contributors to accident
at RLC rather than looking at a single factor only. As

in basic safety engineering studies; there are at least
three basic contributing factors need to be
considered. There are engineering infrastructure,
level crossing surrounding environment and human
factors. To address these issues, Caird discussed the
angle and visibility aspects at RLC while other
researchers studied factors associated with RLC due
to familiarity, misjudgment and distraction.
Additionally, the works of Caird [3], and Harwood
[4] also argued the technical contributing factors
related to the configuration and design of RLCs.

Various accident prediction equations and risk
indexes were developed in order to cater for the
problems at RLC. Study conducted by Saccomanno
[5] revealed two basic perspectives of model
developed in the United States during 1950 to 1970.
Detroit Formula (1971). The US DOT model was
generally recognized as the industry standard. The
analysis methods used range from Multiple Linear
Regressions to techniques including special statistical
distributions such as the Poisson and Negative
Binomial distribution [6]. However, past data is vital
for analysis purposes. The lack of data in some
countries is a drawback of traditional approaches and
leads to leave the problem of RLC untreated [7].

Il. THE PROPOSED EXPERIMENTAL
ANALYSIS

Railway safety is a crucial and important aspect of
rail operation the world over. Malfunctions resulting
in accidents usually get wide media coverage even
when the railway is not at fault and give to rail
transport, among the uninformed public, an
undeserved image of inefficiency often fueling calls
for immediate reforms. This paper is aimed at
helping the railway administrations concerned to
strengthen their safety culture and develop the
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monitoring tools required by modern safety
management. Rail/road intersections are very unique,
special, potentially dangerous and yet unavoidable in
the World. Here two different entities with entirely
different responsibilities, domains, performances
come together and converge for a single cause of
providing a facility to the road user. During the
normal operation also, there is every possibility of
accidents occurring even with very little negligence
in procedure and the result is of very high risk. The
potential for accidents is made higher as the railways
control only half the problem. The other half,
meanwhile, cannot really be said to be controlled by
one entity, as even though traffic rules and road
design standards supposedly exist, the movements of
road users are not organized and monitored by one
specific entity as rigidly as rail movements.

For the purposes of finding obstacles systems laser
sensors, radar, etc., similar equipment is widely used,
these sensors because of restrictions on does not
provide sufficient functional knowledge of hardware.
As the external environment, particularly with a
grade of this sensor is scanned, the thin barriers if
such situations will emerge [3]. In addition to this,
what is the detected barriers and to provide detailed
information about the classification, it is impossible
to make

There is a continuing need to improve safety at
Railway Level Crossings particularly those that do
not have gates and lights regulating traffic flow. A
number of Intelligent Transport System interventions
have been proposed to improve drivers' awareness
and reduce errors in detecting and responding
appropriately at level crossings. However, as with
other technologies, successful implementation and
ultimately effectiveness rests with the acceptance of
the technology by the end user.

The parameter considered will be categorized
according to various factors. There are engineering
infrastructure, level crossing surrounding
environment and human factors as in Fig. 1.
Schematic representation and dimensions of the
proposed prototype train system is described in
details in Fig.2.

In this section, design methodology development in
assessing the level of risk at RLC locations is shown
in Fig. 3. The purpose of the design is to give good
background on real time systems. There are three
phases involved in this modeling process. Firstly,
model creation phase requires an understanding on
the RLC operation, current practice and tools
available for analysis.

The case study of this research will cover active
types of RLC in Turkey. Therefore, the
understanding of the overall concept of active types
of RLC operations is needed. The basis of

understanding of RLC operation obtained from the
Turkish Standard. All instruments of the prototype
system is drawn and outlined according to category
as illustrated in Fig. 4. There are few studies using
SPN and its extension dealing with safety study at
RLC. By referring to the research gap, an
improvement will be made in terms of the parameter
consideration and categorization. The engineering
infrastructure, level crossing surrounding
environment and human factors will be the factors
considered. The prototype of the rail way and
intelligent crossing system is shown in Fig. 5.

The system was tested with different working speeds
for analyzing vibration conditions of railway.
However, the purpose of this analyze is to predict
opening and closing time of bars of railway crossing
system.

The proposed railway crossing system was tested
with different operating speeds and points for
performance and vibration analysis. For each test,
four acceleration sensors having identical technical
characteristics were used to analyze the system.
These sensors were firstly placed on the right side of
the system taking the level crossing as the reference,
and vibration data were obtained for three different
speeds (low, average high). Then the acceleration
sensors were placed on the left side of the system
and, again, vibration data were obtained for three
different speeds (see Fig. 6). From the figure, the
placed sensors were indicated for position of railway.
In both test groups, the acceleration sensors were
placed on exactly opposing positions, just next to the
level crossing, on the bend start, on the straight line
and on the bend end. The results of these approaches
were outlined in the Figs. 7-10 for the case of right
side of the system. The results indicates results of 4
sensors measurements. As can be seen from figure
there is accelerations between 15 and 20 seconds.

On the right system, unlike in the left, the distance on
the point where the rails unite where the second
accelerometer was placed is slightly more. Therefore,
higher vibration peak point values were obtained
compared with the left system (see Fig. 11). A switch
line exists just next to where the third accelerometer
is located in the right system. The results of these
approaches were outlined in the Figs. 12-14 for the
case of left side of the system. The results indicates
results of 4 sensors measurements. As can also be
seen from figure there is accelerations between 15
and 20 seconds This resulted in higher, compared
with the left system, peak values in all speeds.
Besides, in all tests, the peak point values obtained
from all vibration sensors increased in parallel with
the increase of vibration frequency as velocity
increased.

A complete tour time of the train for low, average
and high speeds is 32.5, 18 and 13 seconds,
respectively. The opening and closing times of the
level crossing varies accordingly.
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Traffic/road
characteristic

Rail/Railway
characteristic

A

Environment

Fig. 1. The effects of railway crossing system. [8]
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Fig. 8. Acceleration variation prototype of train system with
0,35 m/sec speed for right side

Servo Motors
Fig. 4. Schematic representation experimental approach
analysis of proposed railway level crossing system
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BTm\e (Sec.)
Fig. 9. Acceleration variation prototype of train system with
0,65 m/sec speed for right side

a (misec?)

Time (Sec.)

Fig. 10. Acceleration variation prototype of train system with
0,95 m/sec speed for right side

Fig. 11. View measuring position of vibration sensors on the
left side of the system

Time (Sec.)
Fig. 12. Acceleration variation train system with 0,35 m/sec
speed for left side

a (misec?)

Time (Sec.)
Fig. 13. Acceleration variation train system with 0,65 m/sec
speed for left side

T T

Time (Sec.)
Fig. 14. Acceleration variation train system with 0,95 m/sec
speed for left side

CONCLUSIONS AND DISCUSSION

In the world, in spite of advanced technology,
railway level crossings (RLC) accidents and fatalities
are still continuing and become the great concern in
railway industries and passengers in especially when
it involved fatalities. This paper has described an
experimental prototype research framework in
developing RLC safety systems specifically for
Turkey's as a case study. The proposed research
design in developing a risk index is outlined. The
parameter considered will be justified during the
model development stages. Since RLC safety
systems is complex, the used of intelligent control
approach in reliability safety engineering studies will
be applied in order to have better understanding on
the behavior of the systems. The components such as
engineering infrastructure, level crossing surrounding
environment and human factors considered in the
prototype model can help in selecting a sound
alternative for selected location for further
improvements.

On the other hand, it is not easy and cheap to make
real time experimental set-up for such systems,
because of very high project budget .

The main motivation and purpose of this
experimental work is to identify low-risk, low-cost,
accidents and fatalities railway level crossings
solutions.

In principle, there are a number of possible strategies
for reducing crashes at railway level crossings. These
include: Improving the conspicuity of the train, in
order to increase the probability that the driver of the
road vehicle will detect the train. Providing active
control at the crossing, eliminating the need for a
driver to make a decision. Providing some form of
direct communication between the train and the road
vehicle which would warn the driver of the
approaching train. Improving crossing signing,
markings and other forms of passive warning.
Education, training or enforcement programs aimed
at road vehicle drivers. Improving sight distance or
reducing the speed of trains and/or road vehicles.
Closing the crossing.

The future stage of this investigation will use a rail-
way traffic simulation approach with behavioral
models developed for evaluating the short-listed
systems. The tools developed in this study will
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provide rail authorities and researchers with the
means to evaluate railway level crossings protection
systems to improve safety at level crossings.
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Abstract— Due to increased population in the world, it is
necessary to prefer railway travelling for passengers. Nowadays,
rail-way crossing system are very important parts of railway
systems. Uncontrolled railway crossing: it becomes very
dangerous for car drivers; because of railway conditions and fast
passing. This paper presents an investigation on intelligent
railway and crossing design and analysis with intelligent
sensor and control technology. Firstly, the prototype were
designed with all instruments and conditions. Secondly; the
prototype of system was set-up as designed conditions. The
train system was tested with different working speeds.
However, the system’s vibrations were analyzed for different
working speeds. On the other hand the closing and opening
times were changed with different speeds of railway systems. A
research framework on the development of Railway Level
Crossing safety assessment model. Even though Railway Level
Crossing  accidents can be considered as a rare event, the
impact is often severe. Since Railway Level Crossing safety
systems are complex and dealing with at least two transport
modes. The components of basic concept of safety
engineering; engineering  infrastructure,  level  crossing
surrounding environment and human factors will be also
considered in the model.

Key words: rail-way level crossing, train system, vibration
analysis.

LINTRODUCTION

There are some research results that have been investigated
by other researchers. Railway level crossing (RLC) accidents is
one of the major contributing factors of railway related fatality
problems in many countries. In Turkey, safety issues at RLC
are very serious relative to those of developing countries.
However, RLC accidents have continuously become a problem
in railway industries in especially when it involved fatalities.
RLC is considered as a unique intersection. The systems are
complex and dealing with at least two mode of transport.
Therefore collision between motor vehicles and trains is likely
to happen at RLC and cause catastrophic consequences [1], [2].

Safety and the operational problems at RLC can be further
classified into highway and railway. The highway component
comprises drivers, pedestrians, vehicles and roadway segments,

Caglar Sevim and Menderes Kalkat

Nigde University, Engineering Faculty

Mechanical Engineering Department
Nigde-Turkey

whereas the train component is classified into train and track at
crossing locations. The functions and characteristics of the two
components and their corresponding elements represent the
risk at RLC locations. Various studies have been conducted in
many countries, based on a range of issues associated with
safety level at RLC. Accident at RLC may be caused by a
single factor or by the combination of many other factors.
There is a growing realization of the need to consider
contributory factors involved in accidents at RLC. Caird [3]
has recommended that emphasis need to be focused on the
multiple contributors to accident at RLC rather than looking at
a single factor only. As in basic safety engineering studies;
there are at least three basic contributing factors need to be
considered. There are engineering infrastructure, level crossing
surrounding environment and human factors. To address these
issues, Caird discussed the angle and visibility aspects at RLC
while other researchers studied factors associated with RLC
due to familiarity, misjudgment and distraction. Additionally,
the works of Caird [3], and Harwood [4] also argued the
technical contributing factors related to the configuration and
design of RLCs.

Various accident prediction equations and risk indexes
were developed in order to cater for the problems at RLC.
Study conducted by Saccomanno [5] revealed two basic
perspectives of model developed in the United States during
1950 to 1970. These were absolute model and the relative risk
model. The absolute models denote the expected number of
collision at a given crossing for a given period of time as
developed and the US Department of Transportation (USDOT).
Meanwhile the hazard index yield the relative risk of one
crossing compared to another. Several relative risk indices
have been developed:; the Mississippi Formula (1970), the New
Hampshire Formula (1971), the Ohio Method (1959), the
Wisconsin Method(1974), Contra Costa Country Method
(1969), the Oregon Method (1956), The North Dakota Rating
System(1965), The Idaho Formula(1964), the Utah Formula
(1971) and the City of Detroit Formula (1971). The US DOT
model was generally recognized as the industry standard. The
analysis methods used range from Multiple Linear Regressions
to techniques including special statistical distributions such as
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the Poisson and Negative Binomial distribution [6]. However,
past data is vital for analysis purposes. The lack of data in
some countries is a drawback of traditional approaches and
leads to leave the problem of RLC untreated [7].

II. THE PROPOSED RESEARCH DESIGN AND
ANALYSIS

There is a continuing need to improve safety at Railway
Level Crossings particularly those that do not have gates and
lights regulating traffic flow. A number of Intelligent Transport
System interventions have been proposed to improve
drivers’ awareness and reduce errors in detecting and
responding appropriately at level crossings. However, as
with other technologies, successful implementation and
ultimately effectiveness rests with the acceptance of the
technology by the end user.

The parameter considered will be categorized according to
various factors. There are engineering infrastructure, level
crossing surrounding environment and human factors as in Fig.
1.

In this section, design methodology development in
assessing the level of risk at RLC locations is shown in Fig.
2. The purpose of the design is to give good
background on real time systems. There are three
phases involved in this modeling process. Firstly,

model creation phase requires an understanding on the
RLC operation, current practice and tools available for
analysis.

The case study of this research will cover active types of
RLC in Turkey. Therefore, the understanding of the overall
concept of active types of RLC operations is needed. The basis
of understanding of RLC operation obtained from the Turkish
Standard. All instruments of the prototype system is drawn and
outlined according to category as illustrated in Fig. 3. There are
few studies using SPN and its extension dealing with safety
study at RLC. By referring to the research gap, an
improvement will be made in terms of the parameter
consideration and  categorization. The engineering
infrastructure, level crossing surrounding environment and
human factors will be the factors considered. The prototype of
the rail way and intelligent crossing system is shown in Fig. 4.

The system was tested with different working speeds for
analyzing vibration conditions of railway. However, the
purpose of this analyze is to predict opening and closing time
of bars of railway crossing system.

Figure 5 describes acceleration variation of railway with
low speeds (2 km/h). As can be seen from figure, passing time
of train is 10 seconds with peak overshoot. The cycle time of
the train system is 22.5 seconds. Figure 6 is outlined
acceleration variation of railway system with mid-low speeds.
As can be seen from figure, passing time of train is 10 seconds
with peak overshoot again. The cycle time of the train system

is 142 seconds for speed of 3 km/h. Figure 7 shows
acceleration variation of railway system with maximum speed.
As can be seen from figure, passing time of train is 10 seconds
with low peak overshoot time. The cycle time of the train
system is 11.3 seconds for speed of 4 km/h. From these
approaches, the closing and opening time rail-way crossing
bars has sequence with speeds of train system.

Fig. 1. The effects of railway crossing system. [8]

Fig. 2. Designed railway level crossing system.

WCSHET 2015 9
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11I. CONCLUSIONS AND DISCUSSION

In Turkey, railway level crossings (RLC) accidents are still
continuing and become the great concern in railway industries
and passengers in especially when it involved fatalities. This
paper describes an experimental prototype research framework
in developing RLC safety systems specifically for Turkey’s as
a case study. The proposed research design in developing a risk
index is outlined. The parameter considered will be justified
during the model development stages. Since RLC safety
systems is complex, the used of intelligent control approach in
reliability safety engineering studies will be applied in order to
have better understanding on the behavior of the systems. The
components such as engineering infrastructure, level crossing
surrounding environment and human factors considered in the
prototype model can help in selecting a sound alternative for
selected location for further improvements.

On the other hand, it is not easy and cheap to make real
time experimental set-up for such systems. The main
motivation and purpose of this experimental work is to identify
low-risk, low-cost, accidents and fatalities railway level
crossings solutions.

In principle, there are a number of possible strategies for
reducing crashes at railway level crossings. These include:
Improving the conspicuity of the train, in order to increase the
probability that the driver of the road vehicle will detect the
train. Providing active control at the crossing, eliminating the
need for a driver to make a decision. Providing some form of
direct communication between the train and the road vehicle
which would wam the driver of the approaching train.
Improving crossing signing, markings and other forms of
passive warning. Education, training or enforcement programs
aimed at road vehicle drivers. Improving sight distance or
reducing the speed of trains and/or road vehicles. Closing the
crossing.

The future stage of this investigation will use a rail-way
traffic simulation approach with behavioral models developed
for evaluating the short-listed systems. The tools developed
in this study will provide rail authorities and researchers with
the means to evaluate railway level crossings protection
systems to improve safety at level crossings.
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Abstract- In recent years, in spite of increased population
in the world, it is necessary to prefer railway travelling for
passengers. Nowadays, rail-way crossing system are very
important parts of railway systems. Uncontrolled railway
crossing; it becomes very dangerous for car drivers;
because of railway conditions and fast passing. This paper
presents an investigation on intelligent railway and crossing
design and analysis with intelligent sensor and control
technology. Firstly, the prototype were designed with all
instruments and conditions. Secondly; the prototype of
system was set-up as designed conditions. The train system
was tested with different working speeds. However, the
system's vibrations were analyzed for different working
speeds. On the other hand the closing and opening times
were changed with different speeds of railway systems. A
research framework on the development of Railway Level
Crossing safety assessment model. Even though Railway
Level Crossing accidents can be considered as a rare event,
the impact is often severe. Since Railway Level Crossing
safety systems are complex and dealing with at least two
transport modes. The components of basic concept of safety
engineering; engineering infrastructure, level crossing
surrounding environment and human factors will be also
considered in the model.
train

Keywords-- rail-way level

vibration analysis

crossing, system,

I. INTRODUCTION

There are some research results that have been
investigated by other researchers. Railway level crossing
(RLC) accidents is one of the major contributing factors
of railway related fatality problems in many countries. In
Turkey, safety issues at RLC are very serious relative to
those of developing countries. However, RLC accidents
have continuously become a problem in railway
industries in especially when it involved fatalities. RLC
is considered as a unique intersection. The systems are
complex and dealing with at least two mode of transport.
Therefore collision between motor vehicles and trains is
likely to happen at RLC and cause -catastrophic
consequences [1], [2].

Safety and the operational problems at RLC can be
further classified into highway and railway.

caglar.sevim@nigde.edu.tr,

su@erciyes.edu. tr,

The highway component comprises  drivers,
pedestrians, vehicles and roadway segments, whereas the
train component is classified into train and track at
crossing locations. The functions and characteristics of
the two components and their corresponding elements
represent the risk at RLC locations. Various studies have
been conducted in many countries, based on a range of
issues associated with safety level at RLC. Accident at
RLC may be caused by a single factor or by the
combination of many other factors. There is a growing
realization of the need to consider contributory factors
involved in accidents at RLC. Caird [3] has
recommended that emphasis need to be focused on the
multiple contributors to accident at RLC rather than
looking at a single factor only. As in basic safety
engineering studies; there are at least three basic
contributing factors need to be considered. There are
engineering infrastructure, level crossing surrounding
environment and human factors. To address these issues,
Caird discussed the angle and visibility aspects at RLC
while other researchers studied factors associated with
RLC due to familiarity, misjudgment and distraction.
Additionally, the works of Caird [3], and Harwood [4]
also argued the technical contributing factors related to
the configuration and design of RLCs.

Various accident prediction equations and risk indexes
were developed in order to cater for the problems at
RLC. Study conducted by Saccomanno [5] revealed two
basic perspectives of model developed in the United
States during 1950 to 1970. These were absolute model
and the relative risk model. The absolute models denote
the expected number of collision at a given crossing for a
given period of time as developed and the US
Department of Transportation (USDOT). Meanwhile the
hazard index yield the relative risk of one crossing
compared to another. Several relative risk indices have
been developed; the Mississippi Formula (1970), the
New Hampshire Formula (1971), the Ohio Method
(1959), the Wisconsin Method(1974), Contra Costa
Country Method (1969), the Oregon Method (1956), The
North Dakota Rating System(1965), The Idaho
Formula(1964), the Utah Formula (1971) and the City of
Detroit Formula (1971).

mkalkat@nigde.edu.tr
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The US DOT model was generally recognized as the
industry standard. The analysis methods used range from
Multiple Linear Regressions to techniques including
special statistical distributions such as the Poisson and
Negative Binomial distribution [6]. However, past data is
vital for analysis purposes. The lack of data in some
countries is a drawback of traditional approaches and
leads to leave the problem of RLC untreated [7].

Il.  THE PROPOSED EXPERIMENTAL ANALYSIS

There is a continuing need to improve safety at
Railway Level Crossings particularly those that do not
have gates and lights regulating traffic flow. A number of
Intelligent Transport System interventions have been
proposed to improve drivers' awareness and reduce errors
in detecting and responding appropriately at level
crossings. However, as with other technologies,
successful implementation and ultimately effectiveness
rests with the acceptance of the technology by the end
user.

The parameter considered will be categorized
according to various factors. There are engineering
infrastructure, level crossing surrounding environment
and human factors as in Fig. 1.

In this section, design methodology development in
assessing the level of risk at RLC locations is shown in
Fig. 2. The purpose of the design is to give good
background on real time systems. There are three phases
involved in this modeling process. Firstly, model creation
phase requires an understanding on the RLC operation,
current practice and tools available for analysis.

The case study of this research will cover active types
of RLC in Turkey. Therefore, the understanding of the
overall concept of active types of RLC operations is
needed. The basis of understanding of RLC operation
obtained from the Turkish Standard. All instruments of
the prototype system is drawn and outlined according to
category as illustrated in Fig. 3. There are few studies
using SPN and its extension dealing with safety study at
RLC. By referring to the research gap, an improvement
will be made in terms of the parameter consideration and
categorization. The engineering infrastructure, level
crossing surrounding environment and human factors
will be the factors considered. The prototype of the rail
way and intelligent crossing system is shown in Fig. 4.

The system was tested with different working speeds
for analyzing vibration conditions of railway. However,
the purpose of this analyze is to predict opening and
closing time of bars of railway crossing system.

The proposed railway crossing system was tested with
different operating speeds and points for performance
and vibration analysis. For each test, four acceleration
sensors having identical technical characteristics were
used to analyze the system.

These sensors were firstly placed on the right side of
the system taking the level crossing as the reference, and
vibration data were obtained for three different speeds
(low, average high). Then the acceleration sensors were
placed on the left side of the system and, again, vibration
data were obtained for three different speeds (see Figure
5). In both test groups, the acceleration sensors were
placed on exactly opposing positions, just next to the
level crossing, on the bend start, on the straight line and
on the bend end. The results of these approaches were
outlined in the Figures 6-8 for the case of right side of the
system. The results indicates results of 4 sensors
measurements. As can be seen from figure there is
accelerations between 15 and 20 seconds.

On the right system, unlike in the left, the distance on
the point where the rails unite where the second
accelerometer was placed is slightly more. Therefore,
higher vibration peak point values were obtained
compared with the left system (see Figure 9). A switch
line exists just next to where the third accelerometer is
located in the right system. The results of these
approaches were outlined in the Figures 10-12 for the
case of left side of the system. The results indicates
results of 4 sensors measurements. As can also be seen
from figure there is accelerations between 15 and 20
seconds This resulted in higher, compared with the left
system, peak values in all speeds. Besides, in all tests, the
peak point values obtained from all vibration sensors
increased in parallel with the increase of vibration
frequency as velocity increased.

A complete tour time of the train for low, average and
high speeds is 32.5, 18 and 13 seconds, respectively. The
opening and closing times of the level crossing varies

accordingly.

Signal
control

Traffic/road
characteristic

Rail/Railway
characteristic

y

Environment

Fig. 1. The effects of railway crossing system. [8]
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Fig. 2. Designed railway level crossing system.

Acceleration
Sensor

Railway
Crossing
System Fig. 5. View of vibration sensors on the right side of the system

Servo Motors

Fig. 3. Schematic representation experimental approach of railway
level crossing system

Fig. 6. Acceleration variation train system with 0,35 m/sec speed for
right side
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Fig. 7. Acceleration variation train system with 0,65 m/sec speed for
right side
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Fig. 8. Acceleration variation train system with 0,95 m/sec speed for
right side

Fig. 9. View of vibration sensors on the left side of the system
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Fig. 10. Acceleration variation train system with 0,35 m/sec speed
for left side
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Fig. 11. Acceleration variation train system with 0,65 m/sec speed
for left side

a (misec?)
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Fig. 12. Acceleration variation train system with 0,95 m/sec speed
for left side

I11. CONCLUSIONS AND DISCUSSION

In the world, in spite of advanced technology, railway
level crossings (RLC) accidents and fatalities are still
continuing and become the great concern in railway
industries and passengers in especially when it involved
fatalities. This paper describes an experimental prototype
research framework in developing RLC safety systems
specifically for Turkey's as a case study. The proposed
research design in developing a risk index is outlined.
The parameter considered will be justified during the
model development stages. Since RLC safety systems is
complex, the used of intelligent control approach in
reliability safety engineering studies will be applied in
order to have better understanding on the behavior of the
systems. The components such as engineering
infrastructure, level crossing surrounding environment
and human factors considered in the prototype model can
help in selecting a sound alternative for selected location
for further improvements.

On the other hand, it is not easy and cheap to make
real time experimental set-up for such systems.

The main motivation and purpose of this experimental
work is to identify low-risk, low-cost, accidents and
fatalities railway level crossings solutions.
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In principle, there are a number of possible strategies
for reducing crashes at railway level crossings. These
include: Improving the conspicuity of the train, in order
to increase the probability that the driver of the road
vehicle will detect the train. Providing active control at
the crossing, eliminating the need for a driver to make a
decision. Providing some form of direct communication
between the train and the road vehicle which would warn
the driver of the approaching train. Improving crossing
signing, markings and other forms of passive warning.
Education, training or enforcement programs aimed at
road vehicle drivers. Improving sight distance or
reducing the speed of trains and/or road vehicles. Closing
the crossing.

The future stage of this investigation will use a rail-
way traffic simulation approach with behavioral models
developed for evaluating the short-listed systems. The
tools developed in this study will provide rail authorities
and researchers with the means to evaluate railway level
crossings protection systems to improve safety at level
crossings.
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