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5Industry and 
dƌĂŶƐƉŽƌƚĂƟŽŶ

&ĂĐĞ�ƚƌĂĐŬŝŶŐ�ĂŶĚ�ƉŽƐĞ�ĞƐƟŵĂƟŽŶ�ǁŝƚŚ�ĂƵƚŽŵĂƟĐ�ϯ��ŵŽĚĞů�ĐŽŶƐƚƌƵĐƟŽŶ

EŽǀĞů�ĨƵůů�ĮĞůĚ�ϯ��ĚŝƐƉůĂĐĞŵĞŶƚ�ŵĞĂƐƵƌĞŵĞŶƚ�ĚĞǀŝĐĞ

DĞƚŚŽĚ�ĂŶĚ�ƐǇƐƚĞŵ�ƚŽ�ŝŵƉƌŽǀĞ�ƚŚĞ�ĂƐĨĂ�ĚŝŐŝƚĂů�ƐǇƐƚĞŵ�ŝŶĐŽƌƉŽƌĂƟŶŐ�ǀŝƌƚƵĂů�ĂƐĨĂ�ďĞĂĐŽŶƐ

/ŶƚĞůůŝŐĞŶƚ�ƚƌĂŶƐƉŽƌƚ�ƐǇƐƚĞŵ�ĨŽƌ�ƚŚĞ�ŽƉƟŵŝǌĂƟŽŶ�ŽĨ�ŝŶĚŽŽƌ�ƐŚĂƌĞĚ�ƌĞƐŽƵƌĐĞƐ͗�ƌŽƵƚĞƐ͕�ĐŽŵŵƵŶŝ-
ĐĂƟŽŶ�ĐŚĂŶŶĞůƐ�ĂŶĚ�ƐĞŶƐŽƌ�ŶĞƚǁŽƌŬƐ

DĞƚŚŽĚ�ĂŶĚ�ƐĞŶƐŽƌ�ƐǇƐƚĞŵ�ĨŽƌ�ƚŚĞ�ĚĞƚĞĐƟŽŶ�ŽĨ�ƚƌĂŝŶƐǲĂĐůĞƐ�ƵƐŝŶŐ�ĮďĞƌ�ŽƉƟĐƐ�ĂŶĚ�ƟŵĞ�ŽĨ�ŇŝŐŚƚ�
ĐĂŵĞƌĂƐ

�ƌŝǀĞƐĂĨĞ͗�ĂƉƉ�ƚŚĂƚ�ŵŽŶŝƚŽƌƐ�ĂŶĚ�ƐĐŽƌĞƐ�ǇŽƵƌ�ĚƌŝǀŝŶŐ͕�ŐĞŶĞƌĂƟŶŐ�ĂůĞƌƚƐ�ǁŚĞŶ�ŝƚ�Ɛŝ�ŶŽƚ�ƐĂĨĞ

WƌŽĐĞĚƵƌĞ�ĨŽƌ�ŵĞĂƐƵƌŝŶŐ�ƚŚĞ�ƐƉĞĞĚ�ŽĨ�ŵŽƚŽƌ�ǀĞŚŝĐůĞƐ�ŝŶ�ƚŚĞ�ƐŚŽƌƚ�ƐĞĐƟŽŶ͕�ǁŝƚŚ�ŵŝŶŝŵƵŵ�ĞƌƌŽƌ�
ŐĞŽŵĞƚƌǇ͕ �ƵƐŝŶŐ�Ϯ�ĐĂŵĞƌĂƐ�ĂŶĚ�ĂƌƟĮĐŝĂů�ǀŝƐŝŽŶ�ĂůŐŽƌŝƚŚŵƐ

^ƵƉĞƌǀŝƐŝŽŶ�ƐǇƐƚĞŵ�ƚŚƌŽƵŐŚ�ĂƌƟĮĐŝĂů�ǀŝƐŝŽŶ�ƚŽ�ŵŽŶŝƚŽƌ�ĐŚŝůĚƌĞŶ�ǁŚĞŶ�ƚƌĂǀĞůŝŶŐ�ŝŶ�ĐŚŝůĚ�ƌĞƚĞŶ-
ƟŽŶ�ƐǇƐƚĞŵƐ

^ĞŶƐŽƌ�ƐǇƐƚĞŵ�ĨŽƌ�ƚŚĞ�ĚĞƚĞĐƟŽŶ�ŽĨ�ŽďũĞĐƚƐͬŽďƐƚĂĐůĞƐ�ŝŶ�ĐƌŝƟĐĂů�ƉŽŝŶƚƐ�ŽĨ�ƌĂŝůǁĂǇ�ůŝŶĞƐ

/ĚĞŶƟĮĐĂƟŽŶ�ŽĨ�ǀĞŚŝĐůĞ�ďƌĂŶĚƐ�ĨŽƌ�ƚƌĂĸĐ�ĐŽŶƚƌŽů�ĂŶĚ�ĂĐĐĞƐƐ�ĐŽŶƚƌŽů�ĂƉƉůŝĐĂƟŽŶƐ

^ǇƐƚĞŵ�ĨŽƌ�ƌĞůŝĂďůĞ�ĚĞƚĞĐƟŽŶ�ŽĨ�ŽĐĐƵƉĂŶĐǇ�ŽĨ�ƉĂƌŬŝŶŐ�ƐƉĂĐĞƐ



FACE TRACKING AND POSE ESTIMATION WITH AUTOMATIC 3D MODEL CONSTRUCTION

ABSTRACT

The model is formed by a set of 3D tri-dimensional points of the face. These points 
ĂƌĞ�ĂƵƚŽŵĂƟĐĂůůǇ�ƐĞůĞĐƚĞĚ�ŝŶ�ƚŚĞ�ĮƌƐƚ�ŝŵĂŐĞ�ŽďƚĂŝŶĞĚ�ĨƌŽŵ�ƚŚĞ�ĐĂŵĞƌĂƐ͘
dŚĞ�ĨĂĐĞ�ŝƐ� ůŽĐĂƚĞĚ�ƵƐŝŶŐ�sŝŽůĂΘ:ŽŶĞƐ�ŵĞƚŚŽĚ͕�ĂŶĚ�ƉŽŝŶƚƐ� ŝŶ�ƚŚĞ�ĨĂĐĞ�ƚŚĂƚ�ƉƌĞƐĞŶƚ�
ĂĚĞƋƵĂƚĞ�ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ�ĨŽƌ�ƚƌĂĐŬŝŶŐ�ĂƌĞ�ĨŽƵŶĚ�ǁŝƚŚ�,ĂƌƌŝƐ�ĚĞƚĞĐƚŽƌ͘ �hƉ�ƚŽ�ϯϬ�ƉŽŝŶƚƐ�
ĂƌĞ� ƵƐĞĚ͘� dŚĞ� ŝŵĂŐĞ� ƉĂƚĐŚĞƐ� ĂƌŽƵŶĚ� ƚŚĞ� Ϯ�� ƉƌŽũĞĐƟŽŶƐ� ŽĨ� ƚŚĞƐĞ� ƉŽŝŶƚƐ� ŽŶ� ĞĂĐŚ�
ĐĂŵĞƌĂ�ĂƌĞ�ƚƌĂĐŬĞĚ�ŽŶ�ĞĂĐŚ�ĨƌĂŵĞ͕�ƵƐŝŶŐ�ƚŚĞ�^ŝŵƵůƚĂŶĞŽƵƐ�DŽĚĞůůŝŶŐ�ĂŶĚ�dƌĂĐŬŝŶŐ�
;^D�dͿ�ĂůŐŽƌŝƚŚŵ͘�dŚŝƐ�ĂůŐŽƌŝƚŚŵ�ďƵŝůĚƐ�Ă�ŵŽĚĞů�ŽĨ�ƚŚĞ�ĐŚĂŶŐĞƐ�ŽĨ�ƚŚĞ�ĂƉƉĞĂƌĂŶĐĞ�Žƌ�
ƚĞǆƚƵƌĞ�ĂƌŽƵŶĚ�ĞĂĐŚ�ƉŽŝŶƚ͘�dŚĞ�ϯ��ƉŽƐĞ�ŝƐ�ŽďƚĂŝŶĞĚ�ĨƌŽŵ�ƚŚĞ�Ϯ��ƉŽŝŶƚƐ�ƵƐŝŶŐ�WK^/d͕ �
redundantly for both cameras to improve robustness.

dƌĂĐŬŝŶŐ� ŵĂǇ� ĨĂŝů� ĨŽƌ� ƐŽŵĞ� ƉŽŝŶƚƐ� ŽŶ� ĞĂĐŚ� ĨƌĂŵĞ͘� Z�E^��� ŝƐ� ƵƐĞĚ� ƚŽ� ĚŝƐĐĂƌĚ�
ĞƌƌŽŶĞŽƵƐ�ƉŽŝŶƚƐ� ĨƌŽŵ�ƚŚĞ�ĞƐƟŵĂƟŽŶ�ŽĨ�ƚŚĞ�ƉŽƐĞ͘��ŌĞƌ�Ă�ƐĞƚ�ŽĨ�ĐŽƌƌĞĐƚůǇ�ƚƌĂĐŬĞĚ�
ƉŽŝŶƚƐ�;ŝŶůŝĞƌƐͿ�ŝƐ�ŽďƚĂŝŶĞĚ͕�ƚŚĞ�ƉŽƐŝƟŽŶ�ŽĨ�ƚŚĞ�ŽƵƚůŝĞƌ�ƉŽŝŶƚƐ�ŝƐ�ƌĞƐĞƚ�ĂĐĐŽƌĚŝŶŐůǇ�ƚŽ�
ƚŚĞ� ĞƐƟŵĂƚĞĚ� ƉŽƐĞ͘� WŽŝŶƚƐ� ďĞĐŽŵĞ� ŽĐĐůƵĚĞĚ� ĂƐ� ƚŚĞ� ŚĞĂĚ� ƚƵƌŶƐ� ĂŶĚ� ĐĂŶŶŽƚ� ďĞ�
ƚƌĂĐŬĞĚ͘�dŚĞ�ƐǇƐƚĞŵ�ŝƐ�ĂďůĞ�ƚŽ�ƌŽďƵƐƚůǇ�ĞƐƟŵĂƚĞ�ƚŚĞ�ƉŽƐĞ�ŽĨ�ƚŚĞ�ĨĂĐĞ�ŝŶ�ƉƌĞƐĞŶĐĞ�ŽĨ�
ƚƵƌŶƐ�ŽĨ�ƵƉ�ƚŽ�цϵϬŽ͘

/ƚ�ƵƐĞƐ�Ă�ŶŽǀĞů�ƚĞĐŚŶŝƋƵĞ�ƚŚĂƚ�ĐŽŵƉůĞƚĞƐ�ƚŚĞ�ŵŽĚĞů�ĂƐ�ƚŚĞ�ĨĂĐĞ�ƌŽƚĂƚĞƐ�ĂŶĚ�ĞŵƉůŽǇƐ�
ƚŚĞ�ŵĞƚŚŽĚ�ŽĨ�ďƵŶĚůĞ��ĚũƵƐƚŵĞŶƚ�ƚŽ�ĂĚũƵƐƚ�ƚŚĞ�ŵŽĚĞů͘�dŚĞ�ƐǇƐƚĞŵ�ŝƐ�ĂďůĞ�ƚŽ�ƚƌĂĐŬ�Ă�
ĚƌŝǀĞƌ Ɛ͛�ĨĂĐĞ�ƌŽďƵƐƚůǇ�ŝŶ�ƌĞĂů�ĐŽŶĚŝƟŽŶƐ͘��ǆƉĞƌŝŵĞŶƚĂů�ƌĞƐƵůƚƐ�ĂŶĚ�ĂŶ�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�
performance are ready to be presented.

ADVANTAGES AND INNOVATIONS

&Žƌ�ƚŚĞ�ĮƌƐƚ�ƟŵĞ͕�ƚŚŝƐ�ƐǇƐƚĞŵ�ŽĨ�ĐŽŵƉƵƚĞƌ�ǀŝƐŝŽŶ�ŝƐ�ĂďůĞ�ŽĨ�ƌĞĐŽŐŶŝǌŝŶŐ�ƚŚĞ�ŽƌŝĞŶƚĂƟŽŶ�
ŽĨ�ƚŚĞ�ŚƵŵĂŶ�ĨĂĐĞ͕�ǁŝƚŚ�ŶŽ�ŶĞĞĚ�ŽĨ�ƉƌĞǀŝŽƵƐ� ŝĚĞŶƟĮĐĂƟŽŶ�ŽĨ�ƚŚĞ�ƉĞƌƐŽŶ�Žƌ�ŽŋŝŶĞ�
ƚƌĂŝŶŝŶŐ͘�dŚŝƐ�ƐǇƐƚĞŵ�ŝƐ�ŝŶŶŽǀĂƟǀĞ�ŝŶ�ƚŚĞ�ǁĂǇ�ŽĨ�ũŽŝŶŝŶŐ�ƚŚĞ�ƚŚƌĞĞ�ĂůŐŽƌŝƚŚŵƐ�ƚŚĂƚ�ƵƐĞƐ�
ĨŽƌ�ŝƚƐ�ĨƵŶͲ�ĐƟŽŶŝŶŐ͗�^D�d͕ �Z�E^���ĂŶĚ�WK^/d͘ �dŽ�ƚŚĞ�ďĞƐƚ�ŽĨ�ŽƵƌ�ŬŶŽǁůĞĚŐĞ�ƚŚĞǇ�ŚĂĚ�
ŶĞǀĞƌ�ďĞĞŶ�ƵƐĞĚ�ďĞĨŽƌĞ�ŝŶ�ƚŚĂƚ�ǁĂǇ͘

dŚŝƐ�ŵĞƚŚŽĚ�ǁŽƌŬƐ�ŝŶ�ƌĞĂů�ƟŵĞ�;ϯϬ�ŝŵĂŐĞƐ�ƉĞƌ�ƐĞĐŽŶĚͿ�ĂŶĚ�ŝƚ�ƚĂŬĞƐ�ϯϯ�ŵŝůůŝƐĞĐŽŶĚƐ�ƚŽ�
ĞǆĞĐƵƚĞ�ƚŚĞ�ĂůŐŽƌŝƚŚŵƐ͘�/ƚ�ŝƐ�Ă�ǀĞƌǇ�ƌŽďƵƐƚ�ƐǇƐƚĞŵ�ƚŚĂƚ�ŬĞĞƉƐ�ŽŶ�ǁŽƌŬŝŶŐ�ĞǀĞŶ�ŝŶ�ƐŝƚƵĂͲ�
ƟŽŶƐ� ĨŽƌ� ǁŚŝĐŚ� ƚŚĞ� ŵŽĚĞů� ŚĂƐ� ŶŽƚ� ďĞĞŶ� ĚĞƐŝŐŶĞĚ� ;ƐƵĚĚĞŶ� ƚƵƌŶƐ� ŽĨ� ĨĂĐĞ͕� ƐƚƌŽŶŐ�
ƐŚĂĚŽǁƐ͕�ĞƚĐ͘Ϳ͘�dŚĞ�ƐǇƐƚĞŵ�ǁŽƌŬƐ�ǁŝƚŚ�ŝŶĐƌĞĂƐĞĚ�ĞƐƟŵĂƟŽŶ�ĞƌƌŽƌ�ďƵƚ�ƚƌĂĐŬŝŶŐ�ŽĨ�ƚŚĞ�
face is not lost.

Code

�ƉƉůŝĐĂƟŽŶ�ĂƌĞĂƐ

DĂŝŶ�ƌĞƐĞĂƌĐŚĞƐ

CONTACT

KdZ/�hŶŝǀĞƌƐŝĚĂĚ�ĚĞ��ůĐĂůĄ
�ƐĐƵĞůĂ�WŽůŝƚĠĐŶŝĐĂ�^ƵƉĞƌŝŽƌ

�ĂŵƉƵƐ��ŝĞŶơĮĐŽͲdĞĐŶŽůſŐŝĐŽ
ϮϴϴϬϱ͕��ůĐĂůĄ�ĚĞ�,ĞŶĂƌĞƐ

;DĂĚƌŝĚͿ
;нϯϰͿ�ϵϭ�ϴϴϱ�ϰϱ�ϲϭ

otriuah@uah.es

@otriuah

KdZ/�hŶŝǀĞƌƐŝĚĂĚ�ĚĞ��ůĐĂůĄ

TECHNOLOGY
OFFER

/ŶĨŽƌŵĂƟŽŶ�ĂŶĚ��ŽŵŵƵŶŝĐĂƟŽŶ
dĞĐŚŶŽůŽŐŝĞƐ͘
/ŶĚƵƐƚƌŝĂů�DĂŶƵĨĂĐƚƵƌĞ͕
DĂƚĞƌŝĂů�ĂŶĚ�dƌĂŶƐƉŽƌƚ
ƚĞĐŚŶŽůŽŐŝĞƐ

WƌŽĨ͘ �>ƵŝƐ�DŝŐƵĞů��ĞƌŐĂƐĂ�WĂƐĐƵĂů

dǇƉĞ�ŽĨ�ĐŽůůĂďŽƌĂƟŽŶ
/ŶƚĞƌĞƐƚĞĚ�ŝŶ�ĐŽŵƉĂŶŝĞƐ�Žƌ
ŝŶƐƟƚƵƟŽŶƐ�ƚŽ�ĐŽŶĨŽƌŵ�Ă
ĐŽŶƐŽƌƟƵŵ�ĨŽƌ�Ă�ƉƌŽũĞĐƚ
ƉƌŽƉŽƐĂů�ƚŽ�ŵĂŬĞ�ŝƚ�ƚŚĞ
system real.
�ŽŵŵĞƌĐŝĂů�ĂŐƌĞĞŵĞŶƚ�ǁŝƚŚ
technical assistance

dZ�E^Wͺh�,ͺϬϭ



NOVEL FULL FIELD 3D DISPLACEMENT MEASUREMENT DEVICE

ABSTRACT

/ƚ�ŝƐ�ƉƌŽƉŽƐĞĚ�ƚŽ�ĨƵƌƚŚĞƌ�ƉƌŽŵŽƚĞ�ƚŚĞ�ŝŵƉůĞŵĞŶƚĂƟŽŶ�ŽĨ�ĂŶ�ĂůƚĞƌŶĂƟǀĞ�ƚĞĐŚŶŝƋƵĞ�ĨŽƌ�
ŵĞĂƐƵƌŝŶŐ�ϯ��ĚŝƐƉůĂĐĞŵĞŶƚƐ�ŝŶ�ƚŚĞ�ŝŶĚƵƐƚƌŝĞƐ�ĂŶĚ�ƌĞƐĞĂƌĐŚ�ĐĞŶƚĞƌƐ�ĂŶĚ͕�ĞǀĞŶƚƵĂůůǇ͕ �
ĚĞǀĞůŽƉ� Ă� ĐŽŵŵĞƌĐŝĂů� ĚĞǀŝĐĞ͘� /ƚ� ŝƐ� Ă� ůŽǁ� ĐŽƐƚ� ĂůƚĞƌŶĂƟǀĞ� ƚĞĐŚŶŝƋƵĞ� ƚŽ� ϯ�� �ŝŐŝƚĂů�
/ŵĂŐĞ��ŽƌƌĞůĂƟŽŶ�;ϯ�Ͳ�/�Ϳ͕�ƵƐĞĚ�ĨŽƌ�ĞǀĂůƵĂƟŶŐ�ƚŚĞ�ŵĞĐŚĂŶŝĐĂů�ƉĞƌĨŽƌŵĂŶĐĞ�ŽĨ�ŶĞǁ�
ĚĞƐŝŐŶƐ�ĂŶĚ�ŵĂƚĞƌŝĂůƐ�ƵŶĚĞƌ�ƌĞĂů�ǁŽƌŬŝŶŐ�ĐŽŶĚŝƟŽŶƐ͘
dŚĞ�ĂůƚĞƌŶĂƟǀĞ�ƉƌŽƉŽƐĞĚ�ƐǇƐƚĞŵ�ĐŽŵďŝŶĞƐ�ƚŚĞ�ƚǁŽ�ƚĞĐŚŶŝƋƵĞƐ�ŽĨ�&ƌŝŶŐĞ�WƌŽũĞĐƟŽŶ�
ĂŶĚ�Ϯ���ŝŐŝƚĂů� /ŵĂŐĞ��ŽƌƌĞůĂƟŽŶ�;&WнϮ�Ͳ�/�Ϳ͘� /ƚ�ĂůůŽǁƐ�ŵĞĂƐƵƌŝŶŐ� ůĂƌŐĞ�ĂƌĞĂƐ�ĂŶĚ�
ĚŝƐƉůĂĐĞŵĞŶƚƐ� ŽĨ� ƐƵƌĨĂĐĞ� ĞůĞŵĞŶƚƐ� ŝŶ� ƚŚĞ� ƚŚƌĞĞ� ƐƉĂƟĂů� ĚŝƌĞĐƟŽŶ� ;ĨƌŽŵ�ǁŚŝĐŚ� ƚŚĞ�
ĐŽƌƌĞƐƉŽŶĚŝŶŐ�ĚĞĨŽƌŵĂƟŽŶ�ŵĂƉƐ�ĐĂŶ�ďĞ�ĐĂůĐƵůĂƚĞĚͿ͘
DĞĂƐƵƌĞŵĞŶƚƐ�ĂƌĞ�ĂĐƋƵŝƌĞĚ� ŝŶ� ƌĞĂůͲƟŵĞ�ďƵƚ� ƚŚĞ� ƐĂŵƉůĞ� ƐƵƌĨĂĐĞ�ŵƵƐƚ�ďĞ�ƉĂŝŶƚĞĚ�
ǁŝƚŚ�Ă�ƌĂŶĚŽŵ�ƐƉĞĐŬůĞ�ƉĂƩĞƌŶ͘
dŚĞ�ŵĂŝŶ�ĂĚǀĂŶƚĂŐĞƐ�ŽĨ�&WнϮ�Ͳ�/��ŝŶ�ĐŽŵƉĂƌŝƐŽŶ�ƚŽ�ϯ�Ͳ�/�͗�ƌĞƋƵŝƌĞƐ�ŽŶĞ�ĐĂŵĞƌĂ�ŝŶ�
ĂĚĚŝƟŽŶ�ƚŽ�Ă�ĨƌŝŶŐĞ�ƉƌŽũĞĐƚŽƌ͕ �ƉƌŽĐĞƐƐŝŶŐ�ĂůŐŽƌŝƚŚŵƐ�ĂƌĞ�ŵƵĐŚ�ŵŽƌĞ�ƐŝŵƉůĞ�ĂŶĚ�ůĞƐƐ�
ĞǆƉĞŶƐŝǀĞ͕�ĞƐƉĞĐŝĂůůǇ�ĨŽƌ�ŚŝŐŚƐ�ƐƉĞĞĚ�ŵĞĂƐƵƌĞŵĞŶƚƐ�;ƐŝŶĐĞ�ŝƚ�ƵƐĞƐ�ŽŶůǇ�ŽŶĞ�ĐĂŵĞƌĂͿ͘�
,ŽǁĞǀĞƌ͕ �ƚŚĞ�ĐĂŵĞƌĂ�ƚŚĂƚ�ƵƐĞƐ�&WнϮ�Ͳ�/��ŚĂƐ�ƚŽ�ďĞ�Z'�͘
^ŽƵŐŚƚ�ĐŽŽƉĞƌĂƟŽŶ�ƚǇƉĞƐ͗
-&ŝŶĂŶĐŝĂů�ƐƵƉƉŽƌƚ�ĨŽƌ�ĨƵƌƚŚĞƌ�ŝŵƉƌŽǀĞŵĞŶƚ�ŽĨ�ƚŚĞ�&WнϮ�Ͳ�/�͕
-/ŶĚƵƐƚƌǇ�ŝŶƚĞƌĞƐƚĞĚ�ŝŶ�ƚĞƐƟŶŐ�ƚŚĞ�ĞƋƵŝƉŵĞŶƚ
-�ŽŵŵĞƌĐŝĂůŝǌĂƟŽŶ�ŽĨ�ƚŚĞ�ĞƋƵŝƉŵĞŶƚ͘

ADVANTAGES AND INNOVATIONS

dŚĞ�ĚĞǀŝĐĞ�ĚĞǀĞůŽƉĞĚ�ĨŽƌ�ƚŚĞ�ĐŽŵďŝŶĞĚ�&WнϮ�Ͳ�/��ƚĞĐŚŶŝƋƵĞ�ŝƐ�ƵŶŝƋƵĞ�ĂŶĚ�ŚĂƐ�ĂůͲ�
ƌĞĂĚǇ�ƉƌŽǀŝĚĞĚ�ƌĞƐƵůƚƐ�ĐŽŵƉĂƌĂďůĞ�ƚŽ�ƚŚĞ�ŽŶĞ�ŽďƚĂŝŶĞĚ�ǁŝƚŚ�ƚŚĞ�ĐŽŵŵĞƌĐŝĂů�ĂůƚĞƌŶĂͲ
ƟǀĞ�ƚĞĐŚŶŝƋƵĞ�ŽĨ�ϯ�Ͳ�/�͘

dŚĞ�ŝŵƉƌŽǀĞĚ�&WнϮ�Ͳ�/��ĚĞǀŝĐĞ�ǁŝůů�ŝŶĐƌĞĂƐĞ�ŝƚƐ�ƉĞƌĨŽƌŵĂŶĐĞ�ďǇ�ƵƐŝŶŐ�ŶĞǁ�ĞƋƵŝƉͲ�
ŵĞŶƚ�;ŵĂŝŶůǇ�Ă�ƐƉĞĐŝĂů�ĐĂŵĞƌĂ�ĂŶĚ�ĨƌŝŶŐĞ�ƉƌŽũĞĐƚŽƌͿ�ĂƐ�ǁĞůů�ĂƐ�ďǇ�ŝŵƉůĞŵĞŶƟŶŐ�ŶĞǁ�
ŝŵĂŐĞ� ƉƌŽĐĞƐƐŝŶŐ� ĂůŐŽƌŝƚŚŵƐ� ƚŚĂƚ� ĂůƌĞĂĚǇ� ŚĂǀĞ� ĚĞŵŽŶƐƚƌĂƚĞĚ� ƚŽ� ŝŶĐƌĞĂƐĞ� ƉĞƌĨŽƌͲ
ŵĂŶĐĞ�ďĞǇŽŶĚ�ƚŚĞ�ŽŶĞ�ŽīĞƌĞĚ�ďǇ�ƚŚĞ�ĐŽŵŵĞƌĐŝĂůůǇ�ĂǀĂŝůĂďůĞ�ϯ�Ͳ�/��ĞƋƵŝƉŵĞŶƚ͘

dŚĞ�&WнϮ�Ͳ�/��ĚĞǀŝĐĞ�ŚĂƐ�ďĞĞŶ�Ă�ƌĞƐƵůƚ�ŽĨ�ĐŽůůĂďŽƌĂƟŽŶ�ďĞƚǁĞĞŶ�ƚǁŽ�ƵŶŝǀĞƌƐŝƟĞƐ͕�
ƚŚĞ�hŶŝǀĞƌƐŝĚĂĚ�ŽĨ��ůĐĂůĄ�ĂŶĚ�ƚŚĞ�hŶŝǀĞƌƐŝĚĂĚ�ŽĨ�:ĂĠŶ͘

dZ�E^Wͺh�,ͺϬϯ

Code

�ƉƉůŝĐĂƟŽŶ�ĂƌĞĂƐ

DĂŝŶ�ZĞƐĞĂƌĐŚĞƌƐ

CONTACT

KdZ/�hŶŝǀĞƌƐŝĚĂĚ�ĚĞ��ůĐĂůĄ
�ƐĐƵĞůĂ�WŽůŝƚĠĐŶŝĐĂ�^ƵƉĞƌŝŽƌ

�ĂŵƉƵƐ��ŝĞŶơĮĐŽͲdĞĐŶŽůſŐŝĐŽ
ϮϴϴϬϱ͕��ůĐĂůĄ�ĚĞ�,ĞŶĂƌĞƐ

;DĂĚƌŝĚͿ
;нϯϰͿ�ϵϭ�ϴϴϱ�ϰϱ�ϲϭ
ŽƚƌŝƵĂŚΛƵĂŚ͘ĞƐ

@otriuah

KdZ/�hŶŝǀĞƌƐŝĚĂĚ�ĚĞ��ůĐĂůĄ

WĂƚĞŶƚ
�^ϮϰϵϴϱϵϮ

�ƌ͘ �WŚŝůŝƉ�^ŝĞŐŵĂŶŶ

dǇƉĞ�ŽĨ��ŽůůĂďŽƌĂƟŽŶ

/ŶĚƵƐƚƌŝĂů�DĂŶƵĨĂĐƚƵƌĞ͕
Material and Transport
ƚĞĐŚŶŽůŽŐŝĞƐ

Measures and standards

�ŐƌĞĞŵĞŶƚ�ŽĨ�Η:ŽŝŶƚ�sĞŶƚƵƌĞΗ�

>ŝĐĞŶƐĞ�ĂŐƌĞĞŵĞŶƚ



METHOD AND SYSTEM TO IMPROVE THE ASFA DIGITAL
SYSTEM INCORPORATING VIRTUAL ASFA BEACONS

ABSTRACT

Geintra Spanish research group from the Department of Electronics of Alcala Universi- 
ty has developed a process and system to improve the performance of ASFA Digital 
system, through the inclusion of virtual ASFA beacons, which replace or supplement 
ƚŚĞ�ŝŶĨŽƌŵĂƟŽŶ�ŽĨ�ƚŚĞ�ƉŚǇƐŝĐĂů��^&��ďĞĂĐŽŶƐ͘�dŚĞ�ǀŝƌƚƵĂů�ďĞĂĐŽŶƐ�ĂůůŽǁ�ŵŽŶŝƚŽƌŝŶŐ�
ƚĞŵƉŽƌĂƌǇ�ƐƉĞĞĚ�ƌĞƐƚƌŝĐƟŽŶƐ�ĞǀĞŶ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�ƉŚǇƐŝĐĂů��^&��ďĞĂĐŽŶƐ͘�dŚĞ�ŐƌŽƵƉ�
is looking for companies in the railway sector to reach licensing agreements or colla- 
ďŽƌĂƟŽŶ�ĂŶĚ�ĐŽŵŵĞƌĐŝĂů�ĂŐƌĞĞŵĞŶƚƐ�ĨŽƌ�ƚĞĐŚŶŝĐĂů�ĂƐƐŝƐƚĂŶĐĞ

ADVANTAGES AND INNOVATIONS

/ƚ� /ŶĐůƵĚĞ�ǀŝƌƚƵĂů��^&��ďĞĂĐŽŶƐ�ǁŚŝĐŚ� ƌĞƉůĂĐĞ�Žƌ�ƐƵƉƉůĞŵĞŶƚ� ƚŚĞ� ŝŶĨŽƌŵĂƟŽŶ�ŽĨ�
physical ASFA beacons located in the rail track, and especially those of temporary 
ƐƉĞĞĚ�ƌĞƐƚƌŝĐƟŽŶƐ�;>dsͿ͘

dŚĞ�ƐǇƐƚĞŵ�ŝŶĐƌĞĂƐĞƐ�ƚŚĞ�ƌĂŝůǁĂǇ�ƚƌĂŶƐƉŽƌƚ�ƐĂĨĞƚǇ�ƐŝŐŶŝĮĐĂŶƚůǇ͘

/ƚ�ŐŝǀĞƐ�ĂĐĐƵƌĂƚĞ�ĂŶĚ�ƵƉĚĂƚĞĚ�ŝŶĨŽƌŵĂƟŽŶ͕�Ăƚ�Ăůů�ƟŵĞƐ͕�ƚŚĂƚ�ĞŶĂďůĞƐ�ƉƌŽƉĞƌ�ƐƵƉĞƌ-
ǀŝƐŝŽŶ�ŽĨ�ƚƌĂŝŶƐ�ƐƉĞĞĚ͕�ĚĞƉĞŶĚŝŶŐ�ŽŶ�ƚŚĞ�ƐŝŐŶƐ�ĂŶĚ�ŽŶ�ƉĂƌƟĐƵůĂƌ�ĐŽŶĚŝƟŽŶƐ�ŽĨ�ĞĂĐŚ�
ƐĞĐƟŽŶ͕�ĞƚĐ͘

�ůĞĂƌŝŶŐ�ƉŽƚĞŶƟĂůůǇ�ĚĂŶŐĞƌŽƵƐ�ƐŝƚƵĂƟŽŶƐ�ƚŚĂƚ�ŵĂǇ�ŽĐĐƵƌ�ŝŶ�ƚŚĞ�ƚƌĂŝŶ�ĐŝƌĐƵůĂƟŽŶ͘�/Ŷ�
ĨĂĐƚ�Ă�ůĂƌŐĞ�ƉĞƌĐĞŶƚĂŐĞ�ŽĨ�ƚƌĂŝŶ�ĂĐĐŝĚĞŶƚƐ�ŽĐĐƵƌ�ĚƵĞ�ƚŽ�Ă�ĚĞƚĞĐƟŽŶ�ĨĂƵůƚ�ŽĨ�ƉŚǇƐŝĐĂů�
�^&��>ds�ďĞĂĐŽŶƐ�ŝŶ�ƚƌĂĐŬ͘

/ƚ�ĂůůŽǁƐ�ƚŚĞ�ĚĞƚĞĐƟŽŶ�ŽĨ�ĚĞĨĞĐƟǀĞ��^&��ďĞĂĐŽŶƐ�ĂŶĚ�ƚŚƵƐ�ďĞƩĞƌ�ŵĂŝŶƚĞŶĂŶĐĞ�ŽĨ�
ƌĂŝů�ŝŶĨƌĂƐƚƌƵĐƚƵƌĞ͕�ŐŽŝŶŐ�ĨƌŽŵ�Ă�ĐŽƌƌĞĐƟǀĞ�ŵĂŝŶƚĞŶĂŶĐĞ�;ŽŶĐĞ�ƚŚĞ�ĨĂƵůƚ�ŽĐĐƵƌƌĞĚͿ�
ƚŽ� Ă� ƉƌĞĚŝĐƟǀĞ�ŵĂŝŶƚĞŶĂŶĐĞ� ;ďĂƐĞĚ� ŽŶ� ƚŚĞ�ŵŽŶŝƚŽƌŝŶŐ� ŽĨ� ĐĞƌƚĂŝŶ� ĐŚĂƌĂĐƚĞƌŝƐƟĐ�
ƉĂƌĂŵĞƚĞƌƐ͕�ƚŽ�ƉƌĞĚŝĐƚ�ǁŚĞŶ�ƚŚĞ�ďĞĂĐŽŶƐ�ǁŝůů�ĨĂŝůͿ͘

dŚĞ�ƌĞƐƉŽŶƐĞ�ƟŵĞ�ĨƌŽŵ�ďƌĞĂŬĚŽǁŶƐ�ŝƐ�ƌĞĚƵĐĞĚ�ĚƌĂŵĂƟĐĂůůǇ͕ �ŝƚ�ĂƵƚŽŵĂƚĞƐ�ǀĂƌŝŽƵƐ�
ƉƌŽĐĞƐƐĞƐ�ƌĞůĂƚĞĚ�ƚŽ�ŽƉĞƌĂƟŶŐ�ŽĨ�ƌĂŝůǁĂǇ�ǀĞŚŝĐůĞƐ͘

dŚĞ� ƐŽůƵƟŽŶ�ƉƌŽƉŽƐĞĚ� ŝŶ� ƚŚŝƐ�ƉĂƚĞŶƚ� ŝƐ� ϭϬϬй�ĐŽŵƉĂƟďůĞ�ǁŝƚŚ� ƚŚĞ� ĐƵƌƌĞŶƚ��^&��
�ŝŐŝƚĂů�ĞƋƵŝƉŵĞŶƚ͘�dŚŝƐ�ƐŽůƵƟŽŶ�ĂůůŽǁƐ�ƚŽ�ŝŶƐĞƌƚ�ŶĞǁ�ĨƵŶĐƟŽŶĂůŝƟĞƐ�ŝŶ�ĐƵƌƌĞŶƚ��^&��
�ŝŐŝƚĂů�ƐǇƐƚĞŵƐ͘

dZ�EWͺh�,ͺϬϰ

Code

�ƉƉůŝĐĂƟŽŶ�ĂƌĞĂƐ

DĂŝŶ�ZĞƐĞĂƌĐŚĞƌƐ

CONTACT

KdZ/�hŶŝǀĞƌƐŝĚĂĚ�ĚĞ��ůĐĂůĄ
�ƐĐƵĞůĂ�WŽůŝƚĠĐŶŝĐĂ�^ƵƉĞƌŝŽƌ

�ĂŵƉƵƐ��ŝĞŶơĮĐŽͲdĞĐŶŽůſŐŝĐŽ
ϮϴϴϬϱ͕��ůĐĂůĄ�ĚĞ�,ĞŶĂƌĞƐ

;DĂĚƌŝĚͿ
;нϯϰͿ�ϵϭ�ϴϴϱ�ϰϱ�ϲϭ
ŽƚƌŝƵĂŚΛƵĂŚ͘ĞƐ

@otriuah

KdZ/�hŶŝǀĞƌƐŝĚĂĚ�ĚĞ��ůĐĂůĄ

WĂƚĞŶƚ
�^�ϮϰϭϴϵϮϵ

/ŶĨŽƌŵĂƟŽŶ�ĂŶĚ��ŽŵŵƵŶŝĐĂƟŽŶ
dĞĐŚŶŽůŽŐŝĞƐ�

/ŶĚƵƐƚƌŝĂů�DĂŶƵĨĂĐƚƵƌĞ͕
DĂƚĞƌŝĂů�ĂŶĚ�dƌĂŶƐƉŽƌƚ
technologies

dǇƉĞ�ŽĨ��ŽůůĂďŽƌĂƟŽŶ

dĞĐŚŶŝĐĂů�ĐŽŽƉĞƌĂƟŽŶ

Commercial agreement with
technical assistance

>ŝĐĞŶƐĞ�ĂŐƌĞĞŵĞŶƚ

WƌŽĨ͘ �DĂŶƵĞů�DĂǌŽ�YƵŝŶƚĂƐ



INTELLIGENT TRANSPORT SYSTEM FOR THE OPTIMIZATION OF INDOOR SHARED RESOURCES:
ROUTES, COMMUNICATION CHANNELS AND SENSOR NETWORKS

ABSTRACT

GEINTRA is a research group from the Electronics Department of the University of 
�ůĐĂůĂ͘�dŚĞ�ŐƌŽƵƉ�ŽīĞƌƐ�ƐŽůƵƟŽŶƐ�ĨŽƌ�ƌŽƵƚĞ�ƐĞůĞĐƟŽŶ�ĂŶĚ�ĚŝŐŝƚĂů�ĐŽŶƚƌŽů�ǁŝƚŚ�ĂĚĂƉƟǀĞ�
ƐĂŵƉůŝŶŐ͘�/ƚ�ŝƐ�Ă�ƵƐĞĨƵů�ƐǇƐƚĞŵ�ĨŽƌ�ƚƌĂŶƐƉŽƌƚ�ŽƉƟŵŝǌĂƟŽŶ�ĂŶĚ�ĨƵŶĐƟŽŶĂůŝƚǇ�ŽĨ�ŝŶĚŽŽƌ�
mobile units.

dŚĞ�ƐǇƐƚĞŵ�ŚĂƐ�ĂƉƉůŝĐĂƟŽŶ�ĨŽƌ�ŽƉƟŵĂů�ƌŽƵƟŶŐ�ƚĞĐŚŶŝƋƵĞƐ͕�ǁŝƚŚ�ŽŶͲůŝŶĞ�ĂĚũƵƐƚŵĞŶƚ�
ĂůŽŶŐ� ƚŚĞ�ƉĂƚŚ� ĨŽƌ� ƚŚĞ� ƚƌĂǀĞů�ƟŵĞ�ŽƉƟŵŝǌĂƟŽŶ�ďĞƚǁĞĞŶ� ƚǁŽ�ƉŽŝŶƚƐ͘�dŚĞ� ƐŽůƵƟŽŶ�
ĂǀŽŝĚƐ�ƵŶŝƚƐ͛�ďƌĞĂŬĚŽǁŶ�ĂŶĚ�ǁĂŝƟŶŐ�ƟŵĞƐ�ŝŶ�ĂŶ�ŝŶĚƵƐƚƌŝĂů�ĞŶǀŝƌŽŶŵĞŶƚ�ǁŝƚŚ�ŵƵůƟͲ
ƉůĞ�ƚƌĂŶƐƉŽƌƚ�ƵŶŝƚƐ�ĂŶĚ�ĂůƚĞƌŶĂƟǀĞ�ƌŽƵƚĞƐ͘

dŚĞ�ƐǇƐƚĞŵ�ĂůƐŽ�ŚĂƐ�ĂƉƉůŝĐĂƟŽŶ�ŽĨ�ƌĞŵŽƚĞ�ĐŽŶƚƌŽů�ĚŝŐŝƚĂů�ƚĞĐŚŶŝƋƵĞƐ�ǁŝƚŚ�ĞǀĞŶƚͲďĂͲ
ƐĞĚ�ƐĂŵƉůŝŶŐ�ĨŽƌ�ŝŶĚŽŽƌ�ƉĂƚŚ�ƚƌĂĐŬŝŶŐ�ƚƌĂŶƐƉŽƌƚ͕�ďŽƚŚ�ŝŶĚĞƉĞŶĚĞŶƚůǇ�ĂŶĚ�ŝŶ�ƐĞǀĞƌĂů�
ƵŶŝƚƐ�ĨŽƌŵĂƟŽŶ͘

dŚĞ�ƐŽůƵƟŽŶ�ƵƐĞƐ�ƚŚĞ�ŝŵƉůĞŵĞŶƚĂƟŽŶ�ŽĨ�ƐĞŶƐŝŶŐ�ĂŶĚ�ĞƐƟŵĂƟŽŶ�ƚĞĐŚŶŝƋƵĞƐ�ĨŽƌ�ŝŶĨŽƌͲ�
ŵĂƟŽŶ�ŽŶůǇ�ǁŚĞŶ�ŝƚ�ŝƐ�ƌĞƋƵŝƌĞĚ�ƚŽ�ŽƉƟŵŝǌĞ�ƚŚĞ�ƵŶŝƚƐ�ƚƌĂŶƐƉŽƌƚ͕�ƚŚĂƚ�ĂůůŽǁƐ�ƚŽ�ŝŵƉƌŽͲ
ǀĞ�ďŽƚŚ�ĞŶĞƌŐǇ�ĐŽŶƐƵŵƉƟŽŶ�ĂŶĚ�ĐŽŵƉƵƚĂƟŽŶĂů�ĐŽƐƚ�ĨŽƌ�ƚŚĞ�ƐĞŶƐŽƌǇ�ŵŽĚƵůĞƐ�ĚŝƐƚƌŝͲ
ďƵƟŽŶ͘
dŚĞ�ƉƌŽƉŽƐĞĚ� ƐǇƐƚĞŵ�ŵĂŶĂŐĞƐ� ĂĐĐĞƐƐ� ƚŽ� ƚŚĞ� ƐŚĂƌĞĚ� ĐŽŵŵƵŶŝĐĂƟŽŶƐ�ŶĞƚǁŽƌŬ�ďǇ�
ŵƵůƟƉůĞ� ƚƌĂŶƐƉŽƌƚ� ƵŶŝƚƐ� ĂŶĚ� ƚŚĞ� ƐĞŶƐŽƌƐ� ůŽĐĂƟŽŶ� ĚŝƐƚƌŝďƵƚĞĚ� ďǇ� ƚŚĞ� ŝŶĚƵƐƚƌŝĂů�
ĞŶǀŝƌŽŶŵĞŶƚ͕�ƌĞĚƵĐŝŶŐ�ƚŚĞ�ĞīĞĐƚƐ�ŽĨ�ĐŚĂŶŶĞů�ĚĞůĂǇƐ�ĂŶĚ�ƉĂĐŬĞƚƐ�ĚƌŽƉŽƵƚ͘

ADVANTAGES AND INNOVATIONS
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METHOD AND SENSOR SYSTEM FOR THE DETECTION OF TRAINS’ AXLES
USING FIBER OPTICS AND TIME OF FLIGHT CAMERAS

ABSTRACT

DĞƚŚŽĚ�ĂŶĚ�Ă�ƐĞŶƐŽƌ�ƐǇƐƚĞŵ�ĨŽƌ�ƚŚĞ�ĚĞƚĞĐƟŽŶ�ĂŶĚ�ĐŽƵŶƟŶŐ�ŽĨ�ƚŚĞ�ƚƌĂŝŶ Ɛ͛�ĂǆůĞƐ͘�dŚŝƐ�
ƐĞŶƐŽƌ�ŵĂǇ�ďĞ�ƵƐĞĚ� ƚŽ�ǀĞƌŝĨǇ� ƚŚĞ� ŝŶƚĞŐƌŝƚǇ�ĂŶĚ� ƐƉĞĞĚ�ŽĨ� ƚŚĞ� ƌĂŝůǁĂǇ� ĐŽŶǀŽǇƐ͘� dŚŝƐ�
ŵĞƚŚŽĚ�ĂŶĚ�ƐĞŶƐŽƌ�ƐǇƐƚĞŵ�ŝƐ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďǇ�ŝƚƐ�ŚŝŐŚ�ĂƵƐĐƵůƚĂƟŽŶ�ƐƉĞĞĚ͘
EŽǁĂĚĂǇƐ�ƚŚĞƌĞ�ĂƌĞ�ƌĂŝů�ƐǇƐƚĞŵƐ�ƐŽůƵƟŽŶƐ�ƚŽ�ĚĞƚĞĐƚ�ƚŚĞ�ƚƌĂŝŶ�ĂǆůĞƐ͘�KŶĞ�ŽĨ�ǁŚŝĐŚ�ŝƐ�
ƚŚĞ�ƵƐĞ�ŽĨ�ĞůĞĐƚƌŽŵĞĐŚĂŶŝĐĂů�ĂŶĚ�ŽƉƟĐĂů�ƉĞĚĂůƐ�ǁŚŝĐŚ�ƐĞŶĚƐ�ŽƵƚ�ĂŶ�ĞůĞĐƚƌŝĐĂů�ƐŝŐŶĂů�
ǁŚĞŶ�ŝƚ�ŝƐ�ƉƌĞƐƐĞĚ�ďǇ�Ă�ǁŚĞĞů͘�dŚŽƐĞ�ƐŽůƵƟŽŶƐ�ŚĂǀĞ�ƚŚĞ�ĚŝƐĂĚǀĂŶƚĂŐĞ�ƚŚĂƚ�ƚŚĞ�ƉŚǇƐŝ-
ĐĂů�ĐŽŶƚĂĐƚ�ǁŝƚŚ�ƚŚĞ�ǁŚĞĞůƐ�Žƌ�ƚƌĂĐŬ�ĐĂƵƐĞƐ�ƉŚǇƐŝĐĂů�ǁĞĂƌ�ĂŶĚ�ƚŚĞ�ůŝĨĞ�ĞǆƉĞĐƚĂŶĐǇ�ŝƐ�
ƐŚŽƌƚ͘��ůƐŽ�ŝŶ�ŚŝŐŚͲƐƉĞĞĚ�ƚƌĂŝŶƐ�ŝƚ�ŵĂǇ�ƐŬŝƉ�ƚŚĞ�ƐƚĞƉ�ŽĨ�ĐŽŶƐĞĐƵƟǀĞ�ĂǆůĞƐ�ĚƵĞ�ƚŽ�ƚŚĞ�
ŝŶĞƌƟĂ�ŽĨ�ƚŚĞ�ŵĞĐŚĂŶŝĐĂů�ƉĂƌƚƐ�ŽĨ�ƚŚĞ�ƐĞŶƐŽƌƐ͘
KƚŚĞƌ�ƐŽůƵƟŽŶƐ͕�ǁŚŝĐŚ�ĚŽ�ŶŽƚ�ƌĞƋƵŝƌĞ�ƉŚǇƐŝĐĂů�ĐŽŶƚĂĐƚ�ǁŝƚŚ�ƚŚĞ�ƚƌĂŝŶƐ͕�ĂƌĞ�ĞůĞĐƚƌŽ-
ŵĂŐŶĞƟĐ�ƐĞŶƐŽƌƐ͕�ǁŚŝĐŚ�ĂƌĞ�ŶŽƚ�ĐŽŵŵŽŶůǇ�ƵƐĞĚ�ďĞĐĂƵƐĞ�ƚŚĞǇ�ŚĂǀĞ�ƉƌŽďůĞŵƐ�ƌĞůĂƚĞĚ�
ƚŽ� ƚŚĞ� ĚŝĸĐƵůƚǇ� ŽĨ� ƚŚĞŝƌ� ůŽĐĂƟŽŶ͘� dŚĞƌĞ� ĂƌĞ� ĂůƐŽ� ƉŽƐƐŝďůĞ� ĨĂƵůƚƐ� ĂƌŝƐŝŶŐ� ĨƌŽŵ� ƚŚĞŝƌ�
ƐĞŶƐŝƟǀŝƚǇ�ƚŽ�ƚŚĞ�ƌĞůĂƟǀĞ�ƉŽƐŝƟŽŶ�ŽĨ�ƚŚĞ�ƚƌĂŶƐŵŝƩĞƌ͕ �ƚŚĞ�ƌĞĐĞŝǀĞƌ�ĂŶĚ�ƚŚĞ�ǀŝďƌĂƟŽŶ͘�/Ŷ�
ŽƌĚĞƌ� ƚŽ� ƌĞƐŽůǀĞ� ƚŚŽƐĞ� ƉƌŽďůĞŵƐ͕� Ă� ŶŽŶͲŝŶǀĂƐŝǀĞ� ŽƉƟĐĂů� ƐĞŶƐŝŶŐ� ƐǇƐƚĞŵ� ŚĂƐ� ďĞĞŶ�
ĚĞƐŝŐŶĞĚ�ǁŚŝĐŚ�ĚĞƚĞĐƚƐ�ƚŚĞ�ǁŚĞĞůƐ�ǁŝƚŚŽƵƚ� ŝŶĐůƵĚŝŶŐ�ĂŶǇ�ĞůĞĐƚƌŽŶŝĐƐ� ŝŶ�ƚŚĞ�ƚƌĂĐŬƐ͘�
dŚŝƐ�ƐǇƐƚĞŵ�ŝƐ�ĐŽŵƉůĞƚĞůǇ�ŝŵŵƵŶĞ�ƚŽ�ĞůĞĐƚƌŽŵĂŐŶĞƟĐ�ŝŶƚĞƌĨĞƌĞŶĐĞƐ͘�&ƵƌƚŚĞƌŵŽƌĞ͕�ďǇ�
ƚŚĞ�ŵĞƚŚŽĚ�ƵƐĞĚ�ĨŽƌ�ƚŚĞ�ŵĞĂƐƵƌĞŵĞŶƚƐ�ŝƐ�ŝŵŵƵŶĞ�ƚŽ�ƚŚĞ�ƐĞŶƐŽƌ�ƐǇƐƚĞŵ�ǀŝďƌĂƟŽŶ͘
tŝƚŚ� ƚŚŝƐ� ƐŽůƵƟŽŶ� ƚŚĞ�ŵĞĂƐƵƌĞŵĞŶƚƐ�ĂƌĞ�ŵĂĚĞ�ǁŝƚŚŽƵƚ�ƉŚǇƐŝĐĂů� ĐŽŶƚĂĐƚ�ǁŝƚŚ�ĂŶǇ�
ĞůĞŵĞŶƚ�ŽĨ�ƚŚĞ�ƚƌĂŝŶ͕�ŝƚ�ŚĂƐ�ƚŽƚĂů�ŝŵŵƵŶŝƚǇ�ƚŽ�ĞůĞĐƚƌŽŵĂŐŶĞƟĐ�ŝŶƚĞƌĨĞƌĞŶĐĞ�;ĂďƐĞŶĐĞ�
ŽĨ�ĞůĞĐƚƌŽŶŝĐƐ�ŝŶ�ƚŚĞ�ƉĂƚŚǁĂǇͿ�ĂŶĚ�ƚŽ�ƚŚĞ�ƐĞŶƐŽƌ�ǀŝďƌĂƟŽŶ͘
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�ŽŵƉůĞƚĞůǇ�ŝŵŵƵŶĞ�ƚŽ�ĞůĞĐƚƌŽŵĂŐŶĞƟĐ�ŝŶƚĞƌĨĞƌĞŶĐĞ�ĂŶĚ�ƐĞŶƐŽƌ Ɛ͛�ǀŝďƌĂƟŽŶ͘
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DRIVESAFE: APP THAT MONITORS AND SCORES YOUR DRIVING,
GENERATING ALERTS WHEN IT IS NOT SAFE

ABSTRACT

�ƌŝǀĞ^ĂĨĞ�ĞǀĂůƵĂƚĞƐ�ƚŚĞ�ĚƌŝǀĞƌ�ďĞŚĂǀŝŽƌ�ĂŶĚ�ŐĞŶĞƌĂƚĞƐ�ƌĞĂůͲƟŵĞ�ĂůĞƌƚƐ�ďĂƐĞĚ�ŽŶ�ƐĞǀĞŶ�
ŝŶĚŝĐĂƚŽƌƐ͗�ĂĐĐĞůĞƌĂƟŽŶƐ͕�ďƌĂŬŝŶŐ͕�ƐƚĞĞƌŝŶŐ�ǁŚĞĞů�ƚƵƌŶƐ͕�ƉŽƐŝƟŽŶ�ǁŝƚŚŝŶ�ƚŚĞ�ůĂŶĞ͕�ŚŽǁ�
ƚŚĞ�ĚƌŝǀĞƌ�ŵĂŬĞƐ�ƚŚĞ�ůĂŶĞ�ĐŚĂŶŐĞƐ͕�ĚƌŝǀĞƌ�ďĞŚĂǀŝŽƌ�ƌĞƐƉĞĐƟŶŐ�ƚŚĞ�ĂůůŽǁĞĚ�ƐƉĞĞĚ�ŝŶ�
ƚŚĞ�ĚŝīĞƌĞŶƚ�ƐĞĐƟŽŶƐ�ŽĨ�Ă�ƌŽĂĚ�ĂŶĚ�ƚŚĞ�ĂƉƉƌŽĂĐŚ�ŵĂŶĞƵǀĞƌƐ�ƚŽ�ƚŚĞ�ƉƌĞǀŝŽƵƐ�ǀĞŚŝĐůĞ͘
/ƚ�ĐůĂƐƐŝĮĞƐ�ĞĂĐŚ�ƚƌŝƉ�ĂŵŽŶŐ�ŶŽƌŵĂů͕�ĚƌŽǁƐǇ�ĂŶĚ�ĂŐŐƌĞƐƐŝǀĞ͕�ƵƐŝŶŐ�ƚŚĞ�ƐĞŶƐŽƌƐ�ŽĨ�ƚŚĞ�
ŵŽďŝůĞ� ƉŚŽŶĞ� ŝƚƐĞůĨ� ;ĂĐĐĞůĞƌŽŵĞƚĞƌƐ͕� 'W^͕� ƌĞĂƌ� ĐĂŵĞƌĂͿ͕� ĂƐ�ǁĞůů� ĂƐ� ĂĐĐĞƐƐ� ƚŽ�ŵĂƉ�
ƐĞƌǀŝĐĞƐ� ;KƉĞŶ^ƚƌĞĞƚDĂƉͿ� ƚŚƌŽƵŐŚ� /ŶƚĞƌŶĞƚ͘� /ƚ�ƵƐĞƐ�ĂŶ�ĂƵŐŵĞŶƚĞĚ� ƌĞĂůŝƚǇ� ŝŶƚĞƌĨĂĐĞ�
ƚŚĂƚ�ĂůůŽǁƐ�ƚŽ� ŝŵƉƌŽǀĞ�ƚŚĞ�ĚƌŝǀŝŶŐ�ĞǆƉĞƌŝĞŶĐĞ�ƚŚƌŽƵŐŚ�Ă�ĨĞĞĚďĂĐŬ͕�ƉƌŽǀŝĚĞĚ�ďǇ�ƚŚĞ�
�ƉƉ͕�ŽĨ�ŚŽǁ�ŝƚ�ŝƐ�ďĞŝŶŐ�ĚŽŶĞ͘
dŚĞ�ŝŶĨŽƌŵĂƟŽŶ�ŽďƚĂŝŶĞĚ�ŝƐ�ĂůǁĂǇƐ�ĂǀĂŝůĂďůĞ�ĨŽƌ�ƚŚĞ�ĚƌŝǀĞƌ�ƚŽ�ĐŽŶƐƵůƚ�ĂŌĞƌ�ƚŚĞ�ƚƌŝƉ͕�
ŝŶĐůƵĚŝŶŐ� ŵĂƉƐ� ǁŝƚŚ� ůŽĐĂƟŽŶ� ŝŶĨŽƌŵĂƟŽŶ� ĂŶĚ� ƌŝƐŬ� ŵĂŶĞƵǀĞƌƐ͘� �ůů� ƚŚŝƐ� ĂůŽŶŐ� ǁŝƚŚ�
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PROCEDURE FOR MEASURING THE SPEED OF MOTOR VEHICLES IN THE SHORT SECTION, WITH
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SUPERVISION SYSTEM THROUGH ARTIFICIAL VISION TO MONITOR
CHILDREN WHEN TRAVELING IN CHILD RETENTION SYSTEMS

ABSTRACT
&Žƌ�ƚŚĞ�ĮƌƐƚ�ƟŵĞ͕�Ă�ŵŽŶŝƚŽƌŝŶŐ�ƐǇƐƚĞŵ�ŝƐ�ĚĞǀĞůŽƉĞĚ͕�ǁŚŝĐŚ�ĂƉƉůŝĞƐ�ĂƌƟĮĐŝĂů�ǀŝƐŝŽŶ�ĂŶĚ�
ĂƌƟĮĐŝĂů� ŝŶƚĞůůŝŐĞŶĐĞ�ƚĞĐŚŶŝƋƵĞƐ͕�ƚŽ�ĂĐĐƵƌĂƚĞůǇ�ŵŽŶŝƚŽƌ�ƚŚĞ�ƉŽƐĞ�ĂĚŽƉƚĞĚ�ďǇ�Ă�ĐŚŝůĚ�
ƚƌĂǀĞůŝŶŐ� ŝŶ� Ă� �ŚŝůĚ� ZĞƚĞŶƟŽŶ� ^ǇƐƚĞŵ͕� ŶŽƟĨǇŝŶŐ� ƚŚĞ� ĚƌŝǀĞƌ� ŝŵŵĞĚŝĂƚĞůǇ� ŽĨ� ƚŚĞ� ƌŝƐŬ�
ƐŝƚƵĂƟŽŶƐ͘

dŚĞ� ĚĞǀŝĐĞ�ŵŽŶŝƚŽƌƐ� ƚŚĞ� ĐŚŝůĚ� ĐŽŶƟŶƵŽƵƐůǇ͕ � ĂƵƚŽŵĂƟĐĂůůǇ� ĚĞƚĞĐƟŶŐ� ŚŝƐ� ŚĞĂĚ͕� ĂŶĚ�
ĞƐƟŵĂƟŶŐ�ŚŝƐ�ƉŽƐĞ�ĂĐĐƵƌĂƚĞůǇ͕ �ǁŚŝůĞ�ůŽĐĂƟŶŐ�ƚŚĞ�ĚŝīĞƌĞŶƚ�ƉĂƌƚƐ�ŽĨ�ƚŚĞ�ďŽĚǇ�ĂŶĚ�ƐŽŵĞ�
ĨĂƐƚĞŶŝŶŐ�ĞůĞŵĞŶƚƐ�ŽĨ�ƚŚĞ�ZĞƚĞŶƟŽŶ�̂ ǇƐƚĞŵ͘�dŚĞ�ƐǇƐƚĞŵ�ŝƐ�ƚŚĞƌĞĨŽƌĞ�ĐĂƉĂďůĞ�ŽĨ�ĚĞƚĞĐ-
ƟŶŐ�ƐŝƚƵĂƟŽŶƐ�ƚŚĂƚ�ĞŶƚĂŝů�ƌŝƐŬ�ĨŽƌ�ƚŚĞ�ĐŚŝůĚ͘

dŚĞ�ŝŶƚĞƌĨĂĐĞ�ƐǇƐƚĞŵ�ĂůůŽǁƐ�ƚŚĞ�ĚƌŝǀĞƌ�ƚŽ�ďĞ�ŝŶĨŽƌŵĞĚ�ŽĨ�ƚŚĞ�ĚĞƚĞĐƚĞĚ�ƌŝƐŬ�ƐŝƚƵĂƟŽŶƐ͕�
ĞŝƚŚĞƌ�ƚŚƌŽƵŐŚ�ĂƵĚŝďůĞ�ĂůĂƌŵƐ�Žƌ�ƚŚƌŽƵŐŚ�ƚŚĞ�ǀĞŚŝĐůĞΖƐ�ŝŶĨŽƌŵĂƟŽŶ�ƐǇƐƚĞŵƐ͘

dŚĞ�ƉƌĞƐĞŶƚ�ŝŶǀĞŶƟŽŶ�ŚĂƐ�ŝƚƐ�ĮĞůĚ�ŽĨ�ĂƉƉůŝĐĂƟŽŶ�ŝŶ�ƚŚĞ�ĮĞůĚ�ŽĨ�ƌŽĂĚ�ƐĂĨĞƚǇ�ŝŶ�ŐĞŶĞƌĂů͕�
ĂŶĚ�ĐŚŝůĚ�ƌĞƚĞŶƟŽŶ�ƐǇƐƚĞŵƐ�ĨŽƌ�ǀĞŚŝĐůĞƐ�ŝŶ�ƉĂƌƟĐƵůĂƌ͘

ADVANTAGES AND INNOVATIONS

dŚĞ�ƉƌĞƐĞŶƚ�ŝŶǀĞŶƟŽŶ�ŝƐ�ƚŚĞ�ĮƌƐƚ�ƚŽ�ĨŽĐƵƐ�ŽŶ�ƚŚĞ�ŵŽŶŝƚŽƌŝŶŐ�ŽĨ�ƚŚĞ�ĐŚŝůĚ�ƚƌĂǀĞůŝŶŐ�
ƐƵďũĞĐƚ�ŝŶ�Ă�ƌĞƚĞŶƟŽŶ�ƐǇƐƚĞŵ͘�hŶůŝŬĞ�ŽƚŚĞƌ�ƐŝŵŝůĂƌ�ƚĞĐŚŶŽůŽŐŝĞƐ�ƚŚĂƚ�ŽŶůǇ�ĨŽĐƵƐ�ŽŶ�
ƚŚĞ�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ĚƌŝǀĞƌ�ŽĨ�ƚŚĞ�ǀĞŚŝĐůĞ�;ĂƩĞŶƟŽŶ͕�ĨĂƟŐƵĞ͕�ĞƚĐ͘Ϳ�ĂŶĚ�ǁŚĂƚ�ŚĂƉƉĞŶƐ�ŝŶ�
ƚŚĞ�ĞŶǀŝƌŽŶŵĞŶƚ�ŽĨ�ƚŚĞ�ǀĞŚŝĐůĞ͘

&ƵƌƚŚĞƌŵŽƌĞ͕�ƚŚĞ�ƉƌĞƐĞŶƚ�ŝŶǀĞŶƟŽŶ�ŵŽŶŝƚŽƌƐ�ƚŚĞ�ŚĞĂĚ�ƉŽƐĞ�ŽĨ�ƚŚĞ�ĐŚŝůĚ�ƚƌĂǀĞůŝŶŐ�ŝŶ�
Ă�ƌĞƚĞŶƟŽŶ�ƐǇƐƚĞŵ͕�ĚĞƚĞĐƟŶŐ�ĚĂŶŐĞƌŽƵƐ�ƉŽƐŝƟŽŶƐ�ŝŶ�ĐĂƐĞ�ŽĨ�ĂĐĐŝĚĞŶƚ�ĂŶĚ�ŶŽƟĨǇŝŶŐ�
ƚŚĞ�ĚƌŝǀĞƌ͘

dŚŝƐ�ŝŶǀĞŶƟŽŶ�ĂůůŽǁƐ�ƚŽ�ŵŽŶŝƚŽƌ�ŶŽƚ�ŽŶůǇ�ƚŚĞ�ŚĞĂĚ�ďƵƚ�ĂůƐŽ�ƚŚĞ�ĚŝīĞƌĞŶƚ�ƉĂƌƚƐ�ŽĨ�ƚŚĞ�
ďŽĚǇ�ŽĨ�ƚŚĞ�ĐŚŝůĚ͕�ƐƵĐŚ�ĂƐ�ƚŚĞ�ƚŽƌƐŽ�ĂŶĚ�ƵƉƉĞƌ�ĞǆƚƌĞŵŝƟĞƐ͕�ĂŶĚ�ƚŚĞ�ƐĂĨĞƚǇ�ďĞůƚƐ͕�ƚŽ�
ĂůĞƌƚ�ŝĨ�ƚŚĞ�ĐŚŝůĚ�ŚĂƐ�ŐŽƚ�ƌŝĚ�ŽĨ�ƚŚĞŵ�Žƌ�ŝĨ�ƚŚĞǇ�ĂƌĞ�ŝŶ�ĂŶ�ǁƌŽŶŐ�ƉŽƐŝƟŽŶ͘

dŚŝƐ�ƐǇƐƚĞŵ�ĐĂŶ�ďĞ�ŝŵƉůĞŵĞŶƚĞĚ�ŝŶ�ĂŶǇ�ĂƌĐŚŝƚĞĐƚƵƌĞ�ĨŽƌ�ŝŵĂŐĞ�ƉƌŽĐĞƐƐŝŶŐ�ƚŚĂƚ�ĐĂŶ�
ďĞ�ĞŵďĞĚĚĞĚ�ŝŶ�Ă�ǀĞŚŝĐůĞ͘
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>ŝĐĞŶƐĞ�ĂŐƌĞĞŵĞŶƚ



SENSOR SYSTEM FOR THE DETECTION OF OBJECTS/OBSTACLES
IN CRITICAL POINTS OF RAILWAY LINES

ABSTRACT

The research group in Electronics Engineering Applied to Intelligent Spaces and Trans- 
port (GEINTRA) of the Department of Electronics of the University of Alcalá has deve-
loped a sensor device and its corresponding procedure to detect the presence of any 
type of objects (vehicles, people, animals, etc...) in points of interest of the railway 
ƌŽƵƚĞ�;ůĞǀĞů�ĐƌŽƐƐŝŶŐƐ͕�ƚƵŶŶĞůƐ͕�ĞƚĐ͘Ϳ͕�ƐĞŶĚŝŶŐ�ƚŽ�ƚŚĞ�ƚƌĂŝŶ�ƚŚĞ�ǀŝƐƵĂů�ŝŶĨŽƌŵĂƟŽŶ�ĂŶĚ�
corresponding warning signs.
The device consists of a set of cameras located in the environment of each point of in- 
ƚĞƌĞƐƚ͕�ĂŶ�ŝŶĨƌĂƌĞĚ�ůŝŐŚƟŶŐ�ƐǇƐƚĞŵ͕�ĂŶ�ŝŵĂŐĞ�ƉƌŽĐĞƐƐŝŶŐ�ŵŽĚƵůĞ�ĂŶĚ�Ă�ǁŝƌĞůĞƐƐ�ĐŽŵ-
ŵƵŶŝĐĂƟŽŶ�ƐǇƐƚĞŵ�ǁŝƚŚ�ƚŚĞ�ƚƌĂŝŶ͘
The system contributes to the increase of safety in rail transport, providing the machi-
ŶŝƐƚƐ�ǁŝƚŚ�ǀŝƐƵĂů�ŝŶĨŽƌŵĂƟŽŶ�ĂďŽƵƚ�ƚŚĞ�ƐƚĂƚĞ�ŽĨ�ƚŚĞ�ĐŽŶŇŝĐƟŶŐ�ƉŽŝŶƚƐ�ĂŶĚ�ŶŽƟĨǇŝŶŐ�ƚŚĞ�
ƉƌĞƐĞŶĐĞ�ŽĨ�ŽďƐƚĂĐůĞƐ͘�dŚĞ�ƐǇƐƚĞŵ�ŝƐ�ĐĂƉĂďůĞ�ŽĨ�ĚĞƚĞĐƟŶŐ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ŽďũĞĐƚƐ�ŝŶ�
ĚĂǇůŝŐŚƚ�ĂŶĚ�ŶŝŐŚƫŵĞ�ĐŽŶĚŝƟŽŶƐ͘

The system includes an intelligent video processing module, whose mission is the 
ĂƵƚŽŵĂƟĐ�ĚĞƚĞĐƟŽŶ�ŽĨ�ƉŽƐƐŝďůĞ�ĞůĞŵĞŶƚƐ�ƚŚĂƚ�ĐĂŶ�ĐĂƵƐĞ�ĂŶ�ĂĐĐŝĚĞŶƚ�;ǁŝƚŚ�ĚĂŶŐĞƌ�ĨŽƌ�
the personnel on the ground, like a run over, and also with danger for the train, like a 
derailment).
/Ŷ�ĂĚĚŝƟŽŶ͕�ƚŚĞ�ŝŵĂŐĞ�ƉƌŽĐĞƐƐŝŶŐ�ƐǇƐƚĞŵ�ĂůůŽǁƐ�ŝŵĂŐĞ�ƚƌĂŶƐŵŝƐƐŝŽŶ�ĨƌŽŵ�ƚŚĞ�ƌŝƐŬ�ĂƌĞĂ�
ƚŽ�ƚŚĞ�ƚƌĂŝŶ�ĂƉƉƌŽĂĐŚŝŶŐ�ƚŚĞ�ĂƌĞĂ�ĂŶĚ�ƚŚĞ�ĚĞƚĞĐƟŽŶ�ŽĨ�ĂŶŽŵĂůŽƵƐ�ŽďũĞĐƚƐ�ŝŶ�ƚŚĂƚ�ĂƌĞĂ�
and the transmission of the corresponding alarm to the train.

dŚĞ�ƉƌŽƉŽƐĞĚ�ŝŶǀĞŶƟŽŶ�ŚĂƐ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�ĂĚǀĂŶƚĂŐĞƐ͗

ADVANTAGES AND INNOVATIONS
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YƵŝĐŬ�ĂƐƐĞƐƐŵĞŶƚ�ŽĨ�ǁŚĞƚŚĞƌ�ƚŚĞƌĞ�ŝƐ�Ă�ƌŝƐŬ�ƐŝƚƵĂƟŽŶ͘

/ŶĐƌĞĂƐĞĚ�ƐĂĨĞƚǇ�ŝŶ�ĐŝƌĐƵůĂƟŽŶ͘

�ůŝŵŝŶĂƟŽŶ�ŽĨ�ƉŽƐƐŝďůĞ�ŚƵŵĂŶ�ĞƌƌŽƌƐ�ĂŶĚ�ĨĂĐŝůŝƚĂƚĞƐ�ƚŚĞ�ĨƵŶĐƟŽŶ�ŽĨ�ƚŚĞ�ŵĂĐŚŝŶŝƐƚ͘

,ŝŐŚ�ĐŽŵŵĞƌĐŝĂů�ƉŽƚĞŶƟĂů�Ăƚ�ŶĂƟŽŶĂů�ĂŶĚ�ŝŶƚĞƌŶĂƟŽŶĂů�ůĞǀĞů�ǁŝƚŚ�ŵŽĚĞƌĂƚĞ�ĐŽƐƚ͘
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IDENTIFICATION OF VEHICLE BRANDS FOR TRAFFIC CONTROL
AND ACCESS CONTROL APPLICATIONS

ABSTRACT

sĞŚŝĐůĞ�ďƌĂŶĚŝŶŐ�ƌĞĐŽŐŶŝƟŽŶ�ĚĞǀŝĐĞ�ďĂƐĞĚ�ŽŶ�Ă�ĐůĂƐƐŝĮĐĂƟŽŶ�ƉƌŽĐĞĚƵƌĞ�ŽĨ�ƚŚĞ�ŵĂŶƵͲ�
ĨĂĐƚƵƌĞƌΖƐ�ůŽŐŽ͘�dŚĞ�ĚĞǀŝĐĞ�ĐŽŶƐŝƐƚƐ�ŽĨ�Ă�ĐĂŵĞƌĂ͕�Ă�ůŝŐŚƟŶŐ�ƐǇƐƚĞŵ͕�Ă�ƉƌŽĐĞƐƐŽƌ�ĂŶĚ�Ă�
ƐƚŽƌĂŐĞ� ƐǇƐƚĞŵ͘� dŚĞ� ƉƌŽĐĞĚƵƌĞ� ƵƐĞƐ� ƚŚĞ� ŝŵĂŐĞƐ� ƉƌŽǀŝĚĞĚ� ďǇ� ƚŚĞ� ĐĂŵĞƌĂ� ƚŚĂƚ� ĂƌĞ�
ĂŶĂůǇǌĞĚ�ďǇ�Ă�ƉƌŽĐĞƐƐŽƌ�ƚŚĂƚ�ŝƐ�ĂůƐŽ�ĐŽŶŶĞĐƚĞĚ�ƚŽ�Ă�ƐƚŽƌĂŐĞ�ƐǇƐƚĞŵ͘
dŚĞ�ƉƌŽĐĞƐƐŽƌ�ŝƐ�ĂĚĂƉƚĞĚ�ƚŽ�ĞǆƚƌĂĐƚ�ŝŶĨŽƌŵĂƟŽŶ�ĨƌŽŵ�ƚŚĞ�ƐƉĂƟĂů�ĚŝƐƚƌŝďƵƟŽŶ�ŽĨ�ƚŚĞ�
ŵŽĚƵůĞ�ĂŶĚ�ƚŚĞ�ŽƌŝĞŶƚĂƟŽŶ�ŽĨ�ƚŚĞ�ůŽŐŽ�ŐƌĂĚŝĞŶƚ͕�ĨŽƌŵŝŶŐ�Ă�ǀĞĐƚŽƌ�ŽĨ�ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ͘�
dŚĞ�ƉƌŽĐĞƐƐŽƌ�ŝƐ�ĂĚĂƉƚĞĚ�ƚŽ�ĐůĂƐƐŝĨǇ�ƚŚĞ�ĨĞĂƚƵƌĞ�ǀĞĐƚŽƌ�ďǇ�ƌƵŶŶŝŶŐ�Ă�ŵƵůƟͲĐůĂƐƐ�ĐůĂƐƐŝͲ�
ĮĞƌ͕ �ƉƌĞǀŝŽƵƐůǇ�ƚƌĂŝŶĞĚ�ǁŝƚŚ�ĨĞĂƚƵƌĞ�ǀĞĐƚŽƌƐ�ĨƌŽŵ�ǀĞŚŝĐůĞ�ůŽŐŽƐ͕�ƚŽ�ƉƌŽǀŝĚĞ�ƚŚĞ�ŵŽƐƚ�
ĐƌĞĚŝďůĞ�ĞƐƟŵĂƚĞ�ŽĨ�ƚŚĞ�ǀĞŚŝĐůĞΖƐ�ďƌĂŶĚ�ƚŚĂƚ�ĂƉƉĞĂƌƐ�ŝŶ�ƚŚĞ�ŝŵĂŐĞƐ�ĐĂƉƚƵƌĞĚ�ďǇ�ƚŚĞ�
ĐĂŵĞƌĂ͘
/Ŷ�ůŽǁ�ůŝŐŚƚ�ĐŽŶĚŝƟŽŶƐ͕�ƚŚĞ�ĚĞǀŝĐĞ�ĂĐƟǀĂƚĞƐ�ŽŶĞ�Žƌ�ŵŽƌĞ�ĂƌƟĮĐŝĂů�ůŝŐŚƟŶŐ�ƐǇƐƚĞŵƐ�ƚŽ�
ŝŵƉƌŽǀĞ�ƚŚĞ�ĐŽŶƚƌĂƐƚ�ŽĨ�ƚŚĞ�ŝŵĂŐĞƐ͘�dŚĞ�ƉƌŽĐĞƐƐŽƌ�ŝƐ�ĂĚĂƉƚĞĚ�ƚŽ�ƐƚŽƌĞ�ƚŚĞ�ŝŵĂŐĞƐ�ĂŶĚ�
ƚŚĞ�ƌĞƐƵůƚ�ŽĨ�ƚŚĞ�ƌĞĐŽŐŶŝƟŽŶ�ŽĨ�ƚŚĞ�ďƌĂŶĚ�ŽĨ�ƚŚĞ�ǀĞŚŝĐůĞ�ŝŶ�ƚŚĞ�ƐƚŽƌĂŐĞ�ƐǇƐƚĞŵ�ĨŽƌ�ůĂƚĞƌ�
ƵƐĞ͘
dŚĞ�ƉĂƚĞŶƚ�ŽďũĞĐƚ�ŽĨ�ƚŚŝƐ�ŝŶǀĞŶƟŽŶ�ŚĂƐ�ŝƚƐ�ĮĞůĚ�ŽĨ�ĂƉƉůŝĐĂƟŽŶ�ŝŶ�ƚŚĞ�ŝŶĚƵƐƚƌǇ�ŽĨ�ŝŶƚĞůůŝͲ�
ŐĞŶƚ�ƚƌĂŶƐƉŽƌƚ�ƐǇƐƚĞŵƐ͕�ĐŽŵƉĂŶŝĞƐ�ŝŶ�ĐŚĂƌŐĞ�ŽĨ�ƚƌĂĸĐ�ĐŽŶƚƌŽů͕�ĂĐĐĞƐƐ�ĐŽŶƚƌŽů�ƚŽ�ƌĞƐͲ�
ƚƌŝĐƚĞĚ�ĞŶǀŝƌŽŶŵĞŶƚƐ͕�ĂƐ�ǁĞůů�ĂƐ�ƚŚŽƐĞ�ŝŶ�ĐŚĂƌŐĞ�ŽĨ�ŝŶƚĞŐƌĂƟŶŐ�ĚĞƚĞĐƟŽŶ�ŽĨ�ŝŶĨƌĂĐƟŽŶ�
ƐǇƐƚĞŵƐ�ŽĨ�ǀĞŚŝĐůĞƐ�ŽŶ�ƚŚĞ�ƌŽĂĚ͘

ADVANTAGES AND INNOVATIONS

dŚĞ�ƉƌĞƐĞŶƚ�ĚĞǀŝĐĞ�ƉƌŽƉŽƐĞƐ�ĨŽƌ�ƚŚĞ�ĮƌƐƚ�ƟŵĞ�Ă�ŵĞĐŚĂŶŝƐŵ�ĨŽƌ�ƚŚĞ�ĐůĂƐƐŝĮĐĂƟŽŶ�ŽĨ�
ůŽŐŽƐ�ďǇ�ŵĞĂŶƐ�ŽĨ�Ă�ƉĂƩĞƌŶ�ƌĞĐŽŐŶŝƟŽŶ�ƐĐŚĞŵĞ͘

&Žƌ�ƚŚĞ�ŝĚĞŶƟĮĐĂƟŽŶ�ŽĨ�ƚŚĞ�ůŽŐŽ�ŽĨ�ƚŚĞ�ǀĞŚŝĐůĞƐ͕�ƚŚŝƐ�ŝŶǀĞŶƟŽŶ�ŝƐ�ďĂƐĞĚ�ŽŶ�ƚŚĞ�ĚŝƐͲ�
ƚƌŝďƵƟŽŶ�ŽĨ�ƚŚĞ�ŵŽĚƵůĞ�ĂŶĚ�ŽƌŝĞŶƚĂƟŽŶ�ŽĨ�ƚŚĞ�ŐƌĂĚŝĞŶƚ�ŽĨ�ƚŚĞ�ƌĞŐŝŽŶ�ĐŽŶƚĂŝŶŝŶŐ�ƚŚĞ�
ůŽŐŽ͘

dŚĞ�ƉƌĞƐĞŶƚ�ƐǇƐƚĞŵ͕� ŝŶ�ĂĚĚŝƟŽŶ�ƚŽ� ůŽĐĂƟŶŐ�ƚŚĞ� ůŽŐŽ�ŽĨ�Ă�ǀĞŚŝĐůĞ�ŵĂŶƵĨĂĐƚƵƌĞƌ͕ � ŝƐ�
ĐĂƉĂďůĞ�ŽĨ�ĐůĂƐƐŝĨǇŝŶŐ�ĂŶĚ�ƌĞĐŽŐŶŝǌŝŶŐ�ŝƚ͘

^Ž͕�ƚŚĞ�ŝŶĨŽƌŵĂƟŽŶ�ƚŚĂƚ�ĨĂĐŝůŝƚĂƚĞƐ�ĂďŽƵƚ�ƚŚĞ�ǀĞŚŝĐůĞ�ŝŶ�ƋƵĞƐƟŽŶ�ŝƐ�ŵŽƌĞ�ƵƐĞĨƵů�ĂŶĚ�
ƐŽůŝĚ�ƚŚĂŶ�ƚŚĂƚ�ƉƌŽǀŝĚĞĚ�ǁŝƚŚ�ƚŚĞ�ƉƌĞǀŝŽƵƐ�ĐůĂƐƐŝĐĂů�ŽƉƟĐĂů͘

dZ�E^Wͺh�,ͺϭϳ

Code

�ƉƉůŝĐĂƟŽŶ�ĂƌĞĂƐ

DĂŝŶ�ZĞƐĞĂƌĐŚĞƌƐ

CONTACT

KdZ/�hŶŝǀĞƌƐŝĚĂĚ�ĚĞ��ůĐĂůĄ
�ƐĐƵĞůĂ�WŽůŝƚĠĐŶŝĐĂ�^ƵƉĞƌŝŽƌ

�ĂŵƉƵƐ��ŝĞŶơĮĐŽͲdĞĐŶŽůſŐŝĐŽ
ϮϴϴϬϱ͕��ůĐĂůĄ�ĚĞ�,ĞŶĂƌĞƐ

(Madrid)
;нϯϰͿ�ϵϭ�ϴϴϱ�ϰϱ�ϲϭ
ŽƚƌŝƵĂŚΛƵĂŚ͘ĞƐ

ΛŽƚƌŝƵĂŚ

KdZ/�hŶŝǀĞƌƐŝĚĂĚ�ĚĞ��ůĐĂůĄ

WĂƚĞŶƚ
�^ϮϲϴϰϲϬϳ

WƌŽĨ͘ ��ĂǀŝĚ�&ĞƌŶĄŶĚĞǌͲ>ůŽƌĐĂ

dǇƉĞ�ŽĨ��ŽůůĂďŽƌĂƟŽŶ

/ŶĚƵƐƚƌŝĂů�DĂŶƵĨĂĐƚƵƌĞ͕
DĂƚĞƌŝĂů�ĂŶĚ�dƌĂŶƐƉŽƌƚ
ƚĞĐŚŶŽůŽŐŝĞƐ

�ƵƚŽŵĂƟĐ

dĞĐŚŶŝĐĂů�ĐŽŽƉĞƌĂƟŽŶ

�ŽŵŵĞƌĐŝĂů�ĂŐƌĞĞŵĞŶƚ�ǁŝƚŚ
ƚĞĐŚŶŝĐĂů�ĂƐƐŝƐƚĂŶĐĞ�

>ŝĐĞŶƐĞ�ĂŐƌĞĞŵĞŶƚ



SYSTEM FOR RELIABLE DETECTION OF OCCUPANCY OF PARKING SPACES

ABSTRACT

dŚŝƐ� ƐǇƐƚĞŵ� ƉƌŽƉŽƐĞƐ� Ă� ĚĞǀŝĐĞ� ƚŚĂƚ� ŽďƚĂŝŶƐ� ƚŚĞ� ŽĐĐƵƉĂƟŽŶ� ƐƚĂƚƵƐ� ŽĨ� ĞĂĐŚ� ŽĨ� ƚŚĞ�
ƉĂƌŬŝŶŐ�ƐƉĂĐĞƐ�ǁŝƚŚŝŶ�ƚŚĞ�ĂƌĞĂ�ƐƵƉĞƌǀŝƐĞĚ�ďǇ�Ă�ƐĞŶƐŽƌ�ŶŽĚĞ�ƚŚĂƚ� ŝƐ�ĐŽŵƉŽƐĞĚ�ŽĨ�Ă�
ǀŝĚĞŽ�ĐĂŵĞƌĂ͕�Ă�ůĂƐĞƌ�ƚĞůĞŵĞƚĞƌ�ŽŶ�Ă�ƉĂŶƟůƚ�ƉůĂƞŽƌŵ�ĂŶĚ�Ă�ƉƌŽĐĞƐƐŝŶŐ�ĂůŐŽƌŝƚŚŵ͘
/ƚƐ�ŵĂŝŶ�ĨĞĂƚƵƌĞƐ�ĂƌĞ�ƚŚĞ�ĨŽůůŽǁŝŶŐ͗

KŶĐĞ�ƚŚĞ�ƉĂƌŬŝŶŐ�ŽĐĐƵƉĂƟŽŶ�ŚĂƐ�ďĞĞŶ�ĚĞƚĞĐƚĞĚ�ĞŶƟƌĞůǇ͕ �ƚŚĞ�ƐǇƐƚĞŵ�ĐĂŶ�ŐƵŝĚĞ�ƚŚĞ�ĚƌŝͲ�
ǀĞƌ�ƚŚƌŽƵŐŚ�ŚŝƐ�ŵŽďŝůĞ�ƉŚŽŶĞ͕�ƚŚƌŽƵŐŚ�ĂŶ�ĂƉƉůŝĐĂƟŽŶ�ƚŽ�ďĞ�ĚĞǀĞůŽƉĞĚ͘

ADVANTAGES AND INNOVATIONS

dŚĞ�ŶŽǀĞůƚǇ�ŽĨ�ƚŚĞ�ƉĂƚĞŶƚ�ŝƐ�ŵĂŝŶůǇ�ŝŶ�ƚŚĞ�ĐŽŵďŝŶĂƟŽŶ�ŽĨ�ƚŚĞ�ŝŶĨŽƌŵĂƟŽŶ�ŽďƚĂŝŶĞĚ�
ĨƌŽŵ�ďŽƚŚ�ƐǇƐƚĞŵƐ͗�ŝŵĂŐĞ�ŽĨ�ƚŚĞ�ƐƋƵĂƌĞ͕�ƌĞĐŽŐŶŝƟŽŶ�ŽĨ�ƚŚĞ�ƐƉĂĐĞ�;ŇŽŽƌͿ�ƚŚĂƚ�ĐŽƌƌĞƐͲ
ƉŽŶĚƐ�ƚŽ�ĞĂĐŚ�ƉĂƌŬŝŶŐ�ƐƉĂĐĞ͕�ĚĞƚĞĐƟŽŶ�ŽĨ�ŵŽǀĞŵĞŶƚ�ŽĨ�Ă�ĐĂƌ�ŝŶ�ĂŶ�ĂƌĞĂ�ŝŶ�ƚŚĞ�ƐĞƋƵĞŶͲ
ĐĞ�ŽĨ�ŝŵĂŐĞƐ�ƚŚĂƚ�ĐĂŶ�ŵĞĂŶ�ƚŚĂƚ�ŝƚ�ŽĐĐƵƉŝĞƐ�Žƌ�ůĞĂǀĞƐ�ĨƌĞĞ�Ă�ƉĂƌŬŝŶŐ�ƐƉĂĐĞ�ĐůŽƐĞ�ƚŽ�Ă�
ƉĂƌƟĐƵůĂƌ�ĂƌĞĂ͕�ĂŶĚ�ƚŚĞ�ŵĞĂƐƵƌĞŵĞŶƚ�ŽĨ�ĚŝƐƚĂŶĐĞƐ�ƚŽ�ƚŚĞ�ƉĂƌŬŝŶŐ�ƐƉĂĐĞƐ�ŽĨ�ŝŶƚĞƌĞƐƚ�ŽĨ�
ƚŚĞ�ĂīĞĐƚĞĚ�ĂƌĞĂ͕�ƐŽ�ƚŚĂƚ�ƚŚĞƌĞ�ĂƌĞ�ƌĞƐƵůƚƐ�ŽĨ�ŽĐĐƵƉĂƟŽŶ�ŽĨ�ƉĂƌŬŝŶŐ�ƐƉĂĐĞƐ�ŵŽƌĞ�ƌĞůŝĂͲ
ďůĞ͕�ĂůůŽǁŝŶŐ�ŝƚƐ�ƵƐĞ�ŝŶ�ƐƵƌĨĂĐĞ�ƉĂƌŬŝŶŐ�ƐǇƐƚĞŵƐ͘
The new system includes a new distance measurement device, merging the video and 
ĚŝƐƚĂŶĐĞ�ŵĞĂƐƵƌĞŵĞŶƚƐ�ƚŽ�ƉƌŽǀŝĚĞ�ĂŶ�ĂƉƉƌĞĐŝĂďůĞ�ŝŵƉƌŽǀĞŵĞŶƚ�ŝŶ�ƚŚĞ�ĚĞƚĞĐƟŽŶ�ŽĨ�
ŽĐĐƵͲ�ƉŝĞĚ�ƐƉĂĐĞƐ͘
dŚŝƐ�ŶĞǁ�ŝŶǀĞŶƟŽŶ�ƉƌŽǀŝĚĞƐ�ŽĐĐƵƉĂŶĐǇ�ĚĞƚĞĐƟŽŶ�ǀĂůƵĞƐ�ŽĨ�ĐŽƌƌĞĐƚ�ƐƉĂĐĞƐ�ĞǀĞŶ�ŝŶ�ůŽǁ�
ůŝŐŚƟŶŐ�ĐŽŶĚŝƟŽŶƐ͕�ďƌŝŐŚƚŶĞƐƐ͕�ŽĐĐůƵƐŝŽŶƐ͕�ƐŚĂĚŽǁƐ͕�ŇĂƐŚŝŶŐ�ůŝŐŚƚƐ͕�ŶŝŐŚƚ�ŽƉĞƌĂƟŽŶ͕�
ĞƚĐ͘
/Ŷ� ĂĚĚŝƟŽŶ͕� ĐŽŵƉĂƌĞĚ� ƚŽ� ŽƚŚĞƌ�ŵĞƚŚŽĚƐ͕� ƚŚŝƐ� ƐǇƐƚĞŵ� ŐŝǀĞƐ� ƐƉĞĐŝĮĐ� ŝŶĨŽƌŵĂƟŽŶ�ŽĨ�
ǁŚĞƌĞ�ƚŚĞƌĞ�ŝƐ�Ă�ƉĂƌŬŝŶŐ�ƐƉĂĐĞ�ĂŶĚ�ŝƚ�ĐŽƵůĚ�ĂůƐŽ�ŐƵŝĚĞ�ƚŚĞ�ƵƐĞƌ�ƚŽ�ŝƚ͘
dŚĞ�ƐǇƐƚĞŵ�ĚŽĞƐ�ŶŽƚ�ŶĞĞĚ�Ă�ĮǆĞĚ�ǀŝƐƵĂů�ĚĞŵĂƌĐĂƟŽŶ�ŽĨ�ƚŚĞ�ƐƋƵĂƌĞƐ�ŝŶ�ƚŚĞ�ŐƌŽƵŶĚ͕�
ďĞŝŶŐ�ĂďůĞ�ƚŽ�ǀĂƌǇ�ŝƚƐ�ƐƚƌƵĐƚƵƌĞ͕�ƉŽƐŝƟŽŶ�ĂŶĚ�ĚŝŵĞŶƐŝŽŶƐ�ŽĨ�ƚŚĞ�ƉĂƌŬŝŶŐ�ƐƉĂĐĞƐ͘
dŚĞ�ƐǇƐƚĞŵ�ŚĂƐ�Ă�ǀĞƌǇ�ůŽǁ�ŝŶƐƚĂůůĂƟŽŶ�ĐŽƐƚ�ƉĞƌ�ƐƉĂĐĞ͘
/ƚ�ĚŽĞƐ�ŶŽƚ�ƌĞƋƵŝƌĞ�Đŝǀŝů�ǁŽƌŬƐ͕�ǁŚŝĐŚ�ŝƐ�Ă�ŐƌĞĂƚ�ĂĚǀĂŶƚĂŐĞ�ǁŝƚŚ�ƌĞƐƉĞĐƚ�ƚŽ�ƐǇƐƚĞŵƐ�ƚŚĂƚ�
ƵƐĞ�ƐƉĞĐŝĮĐ�ůƵŵŝŶĂŝƌĞƐ�ĂŶĚ�ƚŚĞƌĞĨŽƌĞ�ƌĞƋƵŝƌĞ�ĂŶ�ŝŶƐƚĂůůĂƟŽŶ�ŝŶ�ŵŽƐƚ�ĐĂƐĞƐ�ǀĞƌǇ�ĞǆƉĞŶͲ
ƐŝǀĞ͘

�ĂŵĞƌĂ�ĂŶĚ�ƚĞůĞŵĞƚĞƌ�ŽŶ�Ă�ƉĂŶͲƟůƚ�ŵŽǀĞŵĞŶƚ�ƉůĂƞŽƌŵ͕�ĂƐ�Ă�ƐŝŶŐůĞ�ƐĞƚ�ŽĨ�ƌĞŵŽƚĞ�
ƐĞŶƐŝŶŐ�ĨŽƌ�ƚŚĞ�ĚĞƚĞĐƟŽŶ�ŽĨ�ƚŚĞ�ŽĐĐƵƉĂƟŽŶ�ƐƚĂƚƵƐ�ŽĨ�ƚŚĞ�ƉĂƌŬŝŶŐ�ƐƉĂĐĞƐ͘

�ĂůŝďƌĂƟŽŶ� ŝŶ� ƚŚĞ� ŝŶƐƚĂůůĂƟŽŶ� ƚŽ� ŐƵŝĚĞ� ƚŚĞ� ƐǇƐƚĞŵ� ĐŽŶǀĞŶŝĞŶƚůǇ� ƚŽ� ƚŚĞ� ĚŝīĞƌĞŶƚ�
ƐƋƵĂƌĞƐ�ŽĨ�ƚŚĞ�ƐƵƉĞƌǀŝƐĞĚ�ƉĂƌŬŝŶŐ�ĂƌĞĂ͘

�ůŐŽƌŝƚŚŵ�ŽĨ�ĚĂƚĂ�ĨƵƐŝŽŶ�ĂŶĚ�ŝƚƐ�ĂƉƉůŝĐĂƟŽŶ�ƚŽ�ƚŚĞ�ĚĞƚĞĐƟŽŶ�ŽĨ�ŽĐĐƵƉĂƟŽŶ�ŽĨ�ƉĂƌͲ�
ŬŝŶŐ�ƐƉĂĐĞƐ͗�ŝĚĞŶƟĮĐĂƟŽŶ�ŽĨ�ĞŵƉƚǇ�ƐƉĂĐĞƐ͖�ǀĞŚŝĐůĞ�ĞŶƚƌǇ�ͬ�Ğǆŝƚ�ĚĞƚĞĐƟŽŶ͖�ĨƵƐŝŽŶ�ŽĨ�
ǀŝĚĞŽ�ĂŶĚ�ĚŝƐƚĂŶĐĞ�ĚĂƚĂ�ƚŽ�ŝŶĚŝĐĂƚĞ�ƚŚĞ�ŽĐĐƵƉĂƟŽŶ�ƐƚĂƚƵƐ�ŽĨ�Ă�ƉůĂĐĞ͘

TRANSP_UAH_18

Code

�ƉƉůŝĐĂƟŽŶ�ĂƌĞĂƐ

DĂŝŶ�ZĞƐĞĂƌĐŚĞƌƐ

CONTACT
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