
Detección de puntos relevantes 

en imágenes



Agenda

• Motivación 

• Detectores de esquinas 

• Scale Invariant Feature Transform (SIFT) 

• Speeded-Up Robust Features (SURF) 

• Reconocimiento de objetos



Motivación

• Identificación de puntos comunes 

• Registrado (mosaicos) 

• Transformaciones 

• Estimación de movimientos 

• Cálculo de disparidad 

• Reconstrucción 3D 

• Indizado y búsqueda en bases 

• Navegación robótica 

• …  

• Buscamos características relevantes, 

fáciles (visibles, robustas, …) de 

perseguir. 

• Esquinas (corners) suelen ser 

candidatos. 



Motivación

Puntos relevantes obtenidos con Harris. 

• Identificación de puntos comunes 

• Registrado (mosaicos) 

• Transformaciones 

• Estimación de movimientos 

• Cálculo de disparidad 

• Reconstrucción 3D 

• Indizado y búsqueda en bases 

• Navegación robótica 

• …  

• Buscamos características relevantes, 

fáciles (visibles, robustas, …) de 

perseguir. 

• Esquinas (corners) suelen ser 

candidatos. 



Motivación

• Detectar 

• Determinar una propiedad que los 

identifica (derivadas, curvaturas, …). 

• Coincidan en ambas imágenes, búsqueda 

por separado. 

• Robusto.  

• Describir 

• Extraer un conjunto de valores 

(descriptores) que lo representan. 

• Emparejar (matchear) 

• Comparar los descriptores para encontrar 

parejas de puntos.
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Puntos relevantes obtenidos con Harris. 



¿Cómo buscar estos puntos relevantes?

• ¿Qué tipo de características deberían tener estos puntos y sus correspondientes? 

• Dos aproximaciones: 

• Identificar características locales en una imagen identificables con exactitud en otra 

imagen: imágenes similares (p.e. video). 

• Identificar puntos independientemente en cada imagen y luego encontrar parejas 

basado en características locales: imágenes con cambios de apariencia o vistas. 

• Deben tolerar cierta invarianza a diferencias geométricas y fotométricas entre las 

imágenes.
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¿Cómo buscar estos puntos relevantes?

Auto-correlación de los patches marcados en la imagen a la izquierda.
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A

<latexit sha1_base64="d6udncaZvCcamYsppBoIXdLT4ZY="></latexit><latexit sha1_base64="d6udncaZvCcamYsppBoIXdLT4ZY="></latexit><latexit sha1_base64="d6udncaZvCcamYsppBoIXdLT4ZY="></latexit><latexit sha1_base64="d6udncaZvCcamYsppBoIXdLT4ZY="></latexit>

u x x u x

<latexit sha1_base64="9wq9Vl7XU362hF/9RAK+6KbrjOA="></latexit><latexit sha1_base64="9wq9Vl7XU362hF/9RAK+6KbrjOA="></latexit><latexit sha1_base64="9wq9Vl7XU362hF/9RAK+6KbrjOA="></latexit><latexit sha1_base64="9wq9Vl7XU362hF/9RAK+6KbrjOA="></latexit>

x x

<latexit sha1_base64="4pr0a/tFFiGk7gFwI61vNxsGxtQ="></latexit><latexit sha1_base64="4pr0a/tFFiGk7gFwI61vNxsGxtQ="></latexit><latexit sha1_base64="4pr0a/tFFiGk7gFwI61vNxsGxtQ="></latexit><latexit sha1_base64="4pr0a/tFFiGk7gFwI61vNxsGxtQ="></latexit>

x x u x

<latexit sha1_base64="x8DCgzgK7DJrdJPtJ6HoQO2jP6g="></latexit><latexit sha1_base64="x8DCgzgK7DJrdJPtJ6HoQO2jP6g="></latexit><latexit sha1_base64="x8DCgzgK7DJrdJPtJ6HoQO2jP6g="></latexit><latexit sha1_base64="x8DCgzgK7DJrdJPtJ6HoQO2jP6g="></latexit>

u x x u x

x x x u x

x x u

u A u
<latexit sha1_base64="tLmC6ttjQ9vE1oazRyaF31vLIF0="></latexit><latexit sha1_base64="tLmC6ttjQ9vE1oazRyaF31vLIF0="></latexit><latexit sha1_base64="tLmC6ttjQ9vE1oazRyaF31vLIF0="></latexit><latexit sha1_base64="tLmC6ttjQ9vE1oazRyaF31vLIF0="></latexit>

con valores propios

¿Cómo buscar estos puntos relevantes?

Taylor

Matriz autocorrelación:
<latexit sha1_base64="uGWK4Yz90EjXEm3hVX1liG1oODg="></latexit><latexit sha1_base64="uGWK4Yz90EjXEm3hVX1liG1oODg="></latexit><latexit sha1_base64="uGWK4Yz90EjXEm3hVX1liG1oODg="></latexit><latexit sha1_base64="uGWK4Yz90EjXEm3hVX1liG1oODg="></latexit>

<latexit sha1_base64="uDyTi6B2zK4YKj0+nLq8jm1FIhg="></latexit><latexit sha1_base64="uDyTi6B2zK4YKj0+nLq8jm1FIhg="></latexit><latexit sha1_base64="uDyTi6B2zK4YKj0+nLq8jm1FIhg="></latexit><latexit sha1_base64="uDyTi6B2zK4YKj0+nLq8jm1FIhg="></latexit>

<latexit sha1_base64="du5FUsRT+5iW4WdMw9vw+rX+pQM="></latexit><latexit sha1_base64="du5FUsRT+5iW4WdMw9vw+rX+pQM="></latexit><latexit sha1_base64="du5FUsRT+5iW4WdMw9vw+rX+pQM="></latexit><latexit sha1_base64="du5FUsRT+5iW4WdMw9vw+rX+pQM="></latexit>

<latexit sha1_base64="dYyU7n4K16B4wJ97Kdc6nigkRQ0=">AAACH3icbVDLSgMxFE3qq9ZXq0s3wY7gqswURJcFNy4r2Ae0Y8ncZtrQzIMkIwxDf8Ktbvwad+K2f2OmnYVtvRA4nPs4J8eLBVfathe4tLO7t39QPqwcHZ+cnlVr510VJRJYByIRyb5HFRM8ZB3NtWD9WDIaeIL1vNlD3u+9Mql4FD7rNGZuQCch9zlQbai+ZUH60rSsUbVuN+xlkW3gFKCOimqPahgPxxEkAQs1CKrUwLFj7WZUag6CzSvDRLGYwoxO2MDAkAZMudnS8JxcG2ZM/EiaF2qyZP9uZDRQKg08MxlQPVWbvZz8rzdItH/vZjyME81CWAn5iSA6IvnvyZhLBlqkBlCQ3HglMKWSgjYZrakA5NaUOUFymcKoiBST+TUIkooJzdmMaBt0mw3HbjhPzXrrtoivjC7RFbpBDrpDLfSI2qiDAAn0ht7RB/7EX/gb/6xGS7jYuUBrhRe/llqgNQ==</latexit><latexit sha1_base64="dYyU7n4K16B4wJ97Kdc6nigkRQ0=">AAACH3icbVDLSgMxFE3qq9ZXq0s3wY7gqswURJcFNy4r2Ae0Y8ncZtrQzIMkIwxDf8Ktbvwad+K2f2OmnYVtvRA4nPs4J8eLBVfathe4tLO7t39QPqwcHZ+cnlVr510VJRJYByIRyb5HFRM8ZB3NtWD9WDIaeIL1vNlD3u+9Mql4FD7rNGZuQCch9zlQbai+ZUH60rSsUbVuN+xlkW3gFKCOimqPahgPxxEkAQs1CKrUwLFj7WZUag6CzSvDRLGYwoxO2MDAkAZMudnS8JxcG2ZM/EiaF2qyZP9uZDRQKg08MxlQPVWbvZz8rzdItH/vZjyME81CWAn5iSA6IvnvyZhLBlqkBlCQ3HglMKWSgjYZrakA5NaUOUFymcKoiBST+TUIkooJzdmMaBt0mw3HbjhPzXrrtoivjC7RFbpBDrpDLfSI2qiDAAn0ht7RB/7EX/gb/6xGS7jYuUBrhRe/llqgNQ==</latexit><latexit sha1_base64="dYyU7n4K16B4wJ97Kdc6nigkRQ0=">AAACH3icbVDLSgMxFE3qq9ZXq0s3wY7gqswURJcFNy4r2Ae0Y8ncZtrQzIMkIwxDf8Ktbvwad+K2f2OmnYVtvRA4nPs4J8eLBVfathe4tLO7t39QPqwcHZ+cnlVr510VJRJYByIRyb5HFRM8ZB3NtWD9WDIaeIL1vNlD3u+9Mql4FD7rNGZuQCch9zlQbai+ZUH60rSsUbVuN+xlkW3gFKCOimqPahgPxxEkAQs1CKrUwLFj7WZUag6CzSvDRLGYwoxO2MDAkAZMudnS8JxcG2ZM/EiaF2qyZP9uZDRQKg08MxlQPVWbvZz8rzdItH/vZjyME81CWAn5iSA6IvnvyZhLBlqkBlCQ3HglMKWSgjYZrakA5NaUOUFymcKoiBST+TUIkooJzdmMaBt0mw3HbjhPzXrrtoivjC7RFbpBDrpDLfSI2qiDAAn0ht7RB/7EX/gb/6xGS7jYuUBrhRe/llqgNQ==</latexit><latexit sha1_base64="dYyU7n4K16B4wJ97Kdc6nigkRQ0=">AAACH3icbVDLSgMxFE3qq9ZXq0s3wY7gqswURJcFNy4r2Ae0Y8ncZtrQzIMkIwxDf8Ktbvwad+K2f2OmnYVtvRA4nPs4J8eLBVfathe4tLO7t39QPqwcHZ+cnlVr510VJRJYByIRyb5HFRM8ZB3NtWD9WDIaeIL1vNlD3u+9Mql4FD7rNGZuQCch9zlQbai+ZUH60rSsUbVuN+xlkW3gFKCOimqPahgPxxEkAQs1CKrUwLFj7WZUag6CzSvDRLGYwoxO2MDAkAZMudnS8JxcG2ZM/EiaF2qyZP9uZDRQKg08MxlQPVWbvZz8rzdItH/vZjyME81CWAn5iSA6IvnvyZhLBlqkBlCQ3HglMKWSgjYZrakA5NaUOUFymcKoiBST+TUIkooJzdmMaBt0mw3HbjhPzXrrtoivjC7RFbpBDrpDLfSI2qiDAAn0ht7RB/7EX/gb/6xGS7jYuUBrhRe/llqgNQ==</latexit>

<latexit sha1_base64="lEPMeEsdWJEwWMNSS004lgesZt4=">AAACH3icbVDLTgIxFG19Ir5Al24aGRNXZIbE6JLEjUtM5JHASDqlQEMfk7ZjJBN+wq1u/Bp3xi1/YwdmIeBNmpyc+zinJ4o5M9b353Bre2d3b79wUDw8Oj45LZXPWkYlmtAmUVzpToQN5UzSpmWW006sKRYRp+1ocp/12y9UG6bkk53GNBR4JNmQEWwd1fE8/Ppc87x+qeJX/UWhTRDkoALyavTLEPYGiiSCSks4NqYb+LENU6wtI5zOir3E0BiTCR7RroMSC2rCdGF4hq4cM0BDpd2TFi3YvxspFsZMReQmBbZjs97LyP963cQO78KUyTixVJKl0DDhyCqU/R4NmKbE8qkDmGjmvCIyxhoT6zJaUSEks2bcCZTJ5Ea5MlRn14hIii60YD2iTdCqVQO/GjzWKvWbPL4CuACX4BoE4BbUwQNogCYggIM38A4+4Cf8gt/wZzm6BfOdc7BScP4LkTCgMg==</latexit><latexit sha1_base64="lEPMeEsdWJEwWMNSS004lgesZt4=">AAACH3icbVDLTgIxFG19Ir5Al24aGRNXZIbE6JLEjUtM5JHASDqlQEMfk7ZjJBN+wq1u/Bp3xi1/YwdmIeBNmpyc+zinJ4o5M9b353Bre2d3b79wUDw8Oj45LZXPWkYlmtAmUVzpToQN5UzSpmWW006sKRYRp+1ocp/12y9UG6bkk53GNBR4JNmQEWwd1fE8/Ppc87x+qeJX/UWhTRDkoALyavTLEPYGiiSCSks4NqYb+LENU6wtI5zOir3E0BiTCR7RroMSC2rCdGF4hq4cM0BDpd2TFi3YvxspFsZMReQmBbZjs97LyP963cQO78KUyTixVJKl0DDhyCqU/R4NmKbE8qkDmGjmvCIyxhoT6zJaUSEks2bcCZTJ5Ea5MlRn14hIii60YD2iTdCqVQO/GjzWKvWbPL4CuACX4BoE4BbUwQNogCYggIM38A4+4Cf8gt/wZzm6BfOdc7BScP4LkTCgMg==</latexit><latexit sha1_base64="lEPMeEsdWJEwWMNSS004lgesZt4=">AAACH3icbVDLTgIxFG19Ir5Al24aGRNXZIbE6JLEjUtM5JHASDqlQEMfk7ZjJBN+wq1u/Bp3xi1/YwdmIeBNmpyc+zinJ4o5M9b353Bre2d3b79wUDw8Oj45LZXPWkYlmtAmUVzpToQN5UzSpmWW006sKRYRp+1ocp/12y9UG6bkk53GNBR4JNmQEWwd1fE8/Ppc87x+qeJX/UWhTRDkoALyavTLEPYGiiSCSks4NqYb+LENU6wtI5zOir3E0BiTCR7RroMSC2rCdGF4hq4cM0BDpd2TFi3YvxspFsZMReQmBbZjs97LyP963cQO78KUyTixVJKl0DDhyCqU/R4NmKbE8qkDmGjmvCIyxhoT6zJaUSEks2bcCZTJ5Ea5MlRn14hIii60YD2iTdCqVQO/GjzWKvWbPL4CuACX4BoE4BbUwQNogCYggIM38A4+4Cf8gt/wZzm6BfOdc7BScP4LkTCgMg==</latexit><latexit sha1_base64="lEPMeEsdWJEwWMNSS004lgesZt4=">AAACH3icbVDLTgIxFG19Ir5Al24aGRNXZIbE6JLEjUtM5JHASDqlQEMfk7ZjJBN+wq1u/Bp3xi1/YwdmIeBNmpyc+zinJ4o5M9b353Bre2d3b79wUDw8Oj45LZXPWkYlmtAmUVzpToQN5UzSpmWW006sKRYRp+1ocp/12y9UG6bkk53GNBR4JNmQEWwd1fE8/Ppc87x+qeJX/UWhTRDkoALyavTLEPYGiiSCSks4NqYb+LENU6wtI5zOir3E0BiTCR7RroMSC2rCdGF4hq4cM0BDpd2TFi3YvxspFsZMReQmBbZjs97LyP963cQO78KUyTixVJKl0DDhyCqU/R4NmKbE8qkDmGjmvCIyxhoT6zJaUSEks2bcCZTJ5Ea5MlRn14hIii60YD2iTdCqVQO/GjzWKvWbPL4CuACX4BoE4BbUwQNogCYggIM38A4+4Cf8gt/wZzm6BfOdc7BScP4LkTCgMg==</latexit>

<latexit sha1_base64="FQdC8bjaQyuARaDw5ZPDm+1s+Us=">AAACHXicbVDLSgMxFE181vpqdekm2BFclZmC6M6CG5cV7APaoWTSTBubx5BkhFL6D25149e4E7fi35hpZ2FbLwQO5z7OyYkSzoz1/R+4sbm1vbNb2CvuHxweHZfKJy2jUk1okyiudCfChnImadMyy2kn0RSLiNN2NL7L+u1nqg1T8tFOEhoKPJQsZgRbR7U8L7r1vH6p4lf9eaF1EOSgAvJq9MsQ9gaKpIJKSzg2phv4iQ2nWFtGOJ0Ve6mhCSZjPKRdByUW1ITTud0ZunDMAMVKuyctmrN/N6ZYGDMRkZsU2I7Mai8j/+t1UxvfhFMmk9RSSRZCccqRVSj7OxowTYnlEwcw0cx5RWSENSbWJbSkQkhmzbgTKJPJjXJlqM6uEZEWXWjBakTroFWrBn41eKhV6ld5fAVwBs7BJQjANaiDe9AATUDAE3gBr+ANvsMP+Am/FqMbMN85BUsFv38B7gWfVg==</latexit><latexit sha1_base64="FQdC8bjaQyuARaDw5ZPDm+1s+Us=">AAACHXicbVDLSgMxFE181vpqdekm2BFclZmC6M6CG5cV7APaoWTSTBubx5BkhFL6D25149e4E7fi35hpZ2FbLwQO5z7OyYkSzoz1/R+4sbm1vbNb2CvuHxweHZfKJy2jUk1okyiudCfChnImadMyy2kn0RSLiNN2NL7L+u1nqg1T8tFOEhoKPJQsZgRbR7U8L7r1vH6p4lf9eaF1EOSgAvJq9MsQ9gaKpIJKSzg2phv4iQ2nWFtGOJ0Ve6mhCSZjPKRdByUW1ITTud0ZunDMAMVKuyctmrN/N6ZYGDMRkZsU2I7Mai8j/+t1UxvfhFMmk9RSSRZCccqRVSj7OxowTYnlEwcw0cx5RWSENSbWJbSkQkhmzbgTKJPJjXJlqM6uEZEWXWjBakTroFWrBn41eKhV6ld5fAVwBs7BJQjANaiDe9AATUDAE3gBr+ANvsMP+Am/FqMbMN85BUsFv38B7gWfVg==</latexit><latexit sha1_base64="FQdC8bjaQyuARaDw5ZPDm+1s+Us=">AAACHXicbVDLSgMxFE181vpqdekm2BFclZmC6M6CG5cV7APaoWTSTBubx5BkhFL6D25149e4E7fi35hpZ2FbLwQO5z7OyYkSzoz1/R+4sbm1vbNb2CvuHxweHZfKJy2jUk1okyiudCfChnImadMyy2kn0RSLiNN2NL7L+u1nqg1T8tFOEhoKPJQsZgRbR7U8L7r1vH6p4lf9eaF1EOSgAvJq9MsQ9gaKpIJKSzg2phv4iQ2nWFtGOJ0Ve6mhCSZjPKRdByUW1ITTud0ZunDMAMVKuyctmrN/N6ZYGDMRkZsU2I7Mai8j/+t1UxvfhFMmk9RSSRZCccqRVSj7OxowTYnlEwcw0cx5RWSENSbWJbSkQkhmzbgTKJPJjXJlqM6uEZEWXWjBakTroFWrBn41eKhV6ld5fAVwBs7BJQjANaiDe9AATUDAE3gBr+ANvsMP+Am/FqMbMN85BUsFv38B7gWfVg==</latexit><latexit sha1_base64="FQdC8bjaQyuARaDw5ZPDm+1s+Us=">AAACHXicbVDLSgMxFE181vpqdekm2BFclZmC6M6CG5cV7APaoWTSTBubx5BkhFL6D25149e4E7fi35hpZ2FbLwQO5z7OyYkSzoz1/R+4sbm1vbNb2CvuHxweHZfKJy2jUk1okyiudCfChnImadMyy2kn0RSLiNN2NL7L+u1nqg1T8tFOEhoKPJQsZgRbR7U8L7r1vH6p4lf9eaF1EOSgAvJq9MsQ9gaKpIJKSzg2phv4iQ2nWFtGOJ0Ve6mhCSZjPKRdByUW1ITTud0ZunDMAMVKuyctmrN/N6ZYGDMRkZsU2I7Mai8j/+t1UxvfhFMmk9RSSRZCccqRVSj7OxowTYnlEwcw0cx5RWSENSbWJbSkQkhmzbgTKJPJjXJlqM6uEZEWXWjBakTroFWrBn41eKhV6ld5fAVwBs7BJQjANaiDe9AATUDAE3gBr+ANvsMP+Am/FqMbMN85BUsFv38B7gWfVg==</latexit>

pequeñas 
variaciones 

locales
ventana 
centrada 

en xi



¿Cómo buscar estos puntos relevantes?

λ
−

1

2

min
<latexit sha1_base64="FtQaxjDZHRzZSvVskRXhjUWZZBU="></latexit><latexit sha1_base64="FtQaxjDZHRzZSvVskRXhjUWZZBU="></latexit><latexit sha1_base64="FtQaxjDZHRzZSvVskRXhjUWZZBU="></latexit><latexit sha1_base64="FtQaxjDZHRzZSvVskRXhjUWZZBU="></latexit>

λ
−

1

2

max
<latexit sha1_base64="Xf8dF9sLqSX6kqUtCGGsTFKiRkg="></latexit><latexit sha1_base64="Xf8dF9sLqSX6kqUtCGGsTFKiRkg="></latexit><latexit sha1_base64="Xf8dF9sLqSX6kqUtCGGsTFKiRkg="></latexit><latexit sha1_base64="Xf8dF9sLqSX6kqUtCGGsTFKiRkg="></latexit>
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λmax ≈ λmin
<latexit sha1_base64="qRjk3+qU+cum2arTlU3gj073Ldo=">AAACEHicbVDLSsNAFJ34rPUVdekm2IiuSlIQXRbcuKxgH9CEcDOdtkNnJmFmIi2hn+DGX3HjQhG3Lt35N04fi9p6YOBwzrncuSdOGVXa836stfWNza3twk5xd2//4NA+Om6oJJOY1HHCEtmKQRFGBalrqhlppZIAjxlpxoPbid98JFLRRDzoUUpCDj1BuxSDNlJkX7huwEy8A1EecBiOA0hTmQwXRCrGrhvZJa/sTeGsEn9OSmiOWmR/B50EZ5wIjRko1fa9VIc5SE0xI+NikCmSAh5Aj7QNFcCJCvPpQWPn3Cgdp5tI84R2puriRA5cqRGPTZKD7qtlbyL+57Uz3b0JcyrSTBOBZ4u6GXN04kzacTpUEqzZyBDAkpq/OrgPErA2HRZNCf7yyaukUSn7Xtm/r5SqV/M6CugUnaFL5KNrVEV3qIbqCKMn9ILe0Lv1bL1aH9bnLLpmzWdO0B9YX7/kZp0S</latexit><latexit sha1_base64="qRjk3+qU+cum2arTlU3gj073Ldo=">AAACEHicbVDLSsNAFJ34rPUVdekm2IiuSlIQXRbcuKxgH9CEcDOdtkNnJmFmIi2hn+DGX3HjQhG3Lt35N04fi9p6YOBwzrncuSdOGVXa836stfWNza3twk5xd2//4NA+Om6oJJOY1HHCEtmKQRFGBalrqhlppZIAjxlpxoPbid98JFLRRDzoUUpCDj1BuxSDNlJkX7huwEy8A1EecBiOA0hTmQwXRCrGrhvZJa/sTeGsEn9OSmiOWmR/B50EZ5wIjRko1fa9VIc5SE0xI+NikCmSAh5Aj7QNFcCJCvPpQWPn3Cgdp5tI84R2puriRA5cqRGPTZKD7qtlbyL+57Uz3b0JcyrSTBOBZ4u6GXN04kzacTpUEqzZyBDAkpq/OrgPErA2HRZNCf7yyaukUSn7Xtm/r5SqV/M6CugUnaFL5KNrVEV3qIbqCKMn9ILe0Lv1bL1aH9bnLLpmzWdO0B9YX7/kZp0S</latexit><latexit sha1_base64="qRjk3+qU+cum2arTlU3gj073Ldo=">AAACEHicbVDLSsNAFJ34rPUVdekm2IiuSlIQXRbcuKxgH9CEcDOdtkNnJmFmIi2hn+DGX3HjQhG3Lt35N04fi9p6YOBwzrncuSdOGVXa836stfWNza3twk5xd2//4NA+Om6oJJOY1HHCEtmKQRFGBalrqhlppZIAjxlpxoPbid98JFLRRDzoUUpCDj1BuxSDNlJkX7huwEy8A1EecBiOA0hTmQwXRCrGrhvZJa/sTeGsEn9OSmiOWmR/B50EZ5wIjRko1fa9VIc5SE0xI+NikCmSAh5Aj7QNFcCJCvPpQWPn3Cgdp5tI84R2puriRA5cqRGPTZKD7qtlbyL+57Uz3b0JcyrSTBOBZ4u6GXN04kzacTpUEqzZyBDAkpq/OrgPErA2HRZNCf7yyaukUSn7Xtm/r5SqV/M6CugUnaFL5KNrVEV3qIbqCKMn9ILe0Lv1bL1aH9bnLLpmzWdO0B9YX7/kZp0S</latexit><latexit sha1_base64="qRjk3+qU+cum2arTlU3gj073Ldo=">AAACEHicbVDLSsNAFJ34rPUVdekm2IiuSlIQXRbcuKxgH9CEcDOdtkNnJmFmIi2hn+DGX3HjQhG3Lt35N04fi9p6YOBwzrncuSdOGVXa836stfWNza3twk5xd2//4NA+Om6oJJOY1HHCEtmKQRFGBalrqhlppZIAjxlpxoPbid98JFLRRDzoUUpCDj1BuxSDNlJkX7huwEy8A1EecBiOA0hTmQwXRCrGrhvZJa/sTeGsEn9OSmiOWmR/B50EZ5wIjRko1fa9VIc5SE0xI+NikCmSAh5Aj7QNFcCJCvPpQWPn3Cgdp5tI84R2puriRA5cqRGPTZKD7qtlbyL+57Uz3b0JcyrSTBOBZ4u6GXN04kzacTpUEqzZyBDAkpq/OrgPErA2HRZNCf7yyaukUSn7Xtm/r5SqV/M6CugUnaFL5KNrVEV3qIbqCKMn9ILe0Lv1bL1aH9bnLLpmzWdO0B9YX7/kZp0S</latexit>

λmax � λmin = 0
<latexit sha1_base64="DDXyjHdVOSto2P8x0BYZYxWKabs=">AAACDnicbVDLSsNAFJ34rPUVdekm2BRclaQguhEKblxWsA9oQphMJunQmUmYmYgl9Avc+CtuXCji1rU7/8Zpm0VtPTBwOOdc7twTZpRI5Tg/xtr6xubWdmWnuru3f3BoHh13ZZoLhDsopanoh1BiSjjuKKIo7mcCQxZS3AtHN1O/94CFJCm/V+MM+wwmnMQEQaWlwKzbtkd1PIJB4TH4OPGSZEEgfHLt2HZg1pyGM4O1StyS1ECJdmB+e1GKcoa5QhRKOXCdTPkFFIogiidVL5c4g2gEEzzQlEOGpV/MzplYda1EVpwK/biyZuriRAGZlGMW6iSDaiiXvan4nzfIVXzlF4RnucIczRfFObVUak27sSIiMFJ0rAlEgui/WmgIBURKN1jVJbjLJ6+SbrPhOg33rllrXZR1VMApOAPnwAWXoAVuQRt0AAJP4AW8gXfj2Xg1PozPeXTNKGdOwB8YX79kepuf</latexit><latexit sha1_base64="DDXyjHdVOSto2P8x0BYZYxWKabs=">AAACDnicbVDLSsNAFJ34rPUVdekm2BRclaQguhEKblxWsA9oQphMJunQmUmYmYgl9Avc+CtuXCji1rU7/8Zpm0VtPTBwOOdc7twTZpRI5Tg/xtr6xubWdmWnuru3f3BoHh13ZZoLhDsopanoh1BiSjjuKKIo7mcCQxZS3AtHN1O/94CFJCm/V+MM+wwmnMQEQaWlwKzbtkd1PIJB4TH4OPGSZEEgfHLt2HZg1pyGM4O1StyS1ECJdmB+e1GKcoa5QhRKOXCdTPkFFIogiidVL5c4g2gEEzzQlEOGpV/MzplYda1EVpwK/biyZuriRAGZlGMW6iSDaiiXvan4nzfIVXzlF4RnucIczRfFObVUak27sSIiMFJ0rAlEgui/WmgIBURKN1jVJbjLJ6+SbrPhOg33rllrXZR1VMApOAPnwAWXoAVuQRt0AAJP4AW8gXfj2Xg1PozPeXTNKGdOwB8YX79kepuf</latexit><latexit sha1_base64="DDXyjHdVOSto2P8x0BYZYxWKabs=">AAACDnicbVDLSsNAFJ34rPUVdekm2BRclaQguhEKblxWsA9oQphMJunQmUmYmYgl9Avc+CtuXCji1rU7/8Zpm0VtPTBwOOdc7twTZpRI5Tg/xtr6xubWdmWnuru3f3BoHh13ZZoLhDsopanoh1BiSjjuKKIo7mcCQxZS3AtHN1O/94CFJCm/V+MM+wwmnMQEQaWlwKzbtkd1PIJB4TH4OPGSZEEgfHLt2HZg1pyGM4O1StyS1ECJdmB+e1GKcoa5QhRKOXCdTPkFFIogiidVL5c4g2gEEzzQlEOGpV/MzplYda1EVpwK/biyZuriRAGZlGMW6iSDaiiXvan4nzfIVXzlF4RnucIczRfFObVUak27sSIiMFJ0rAlEgui/WmgIBURKN1jVJbjLJ6+SbrPhOg33rllrXZR1VMApOAPnwAWXoAVuQRt0AAJP4AW8gXfj2Xg1PozPeXTNKGdOwB8YX79kepuf</latexit><latexit sha1_base64="DDXyjHdVOSto2P8x0BYZYxWKabs=">AAACDnicbVDLSsNAFJ34rPUVdekm2BRclaQguhEKblxWsA9oQphMJunQmUmYmYgl9Avc+CtuXCji1rU7/8Zpm0VtPTBwOOdc7twTZpRI5Tg/xtr6xubWdmWnuru3f3BoHh13ZZoLhDsopanoh1BiSjjuKKIo7mcCQxZS3AtHN1O/94CFJCm/V+MM+wwmnMQEQaWlwKzbtkd1PIJB4TH4OPGSZEEgfHLt2HZg1pyGM4O1StyS1ECJdmB+e1GKcoa5QhRKOXCdTPkFFIogiidVL5c4g2gEEzzQlEOGpV/MzplYda1EVpwK/biyZuriRAGZlGMW6iSDaiiXvan4nzfIVXzlF4RnucIczRfFObVUak27sSIiMFJ0rAlEgui/WmgIBURKN1jVJbjLJ6+SbrPhOg33rllrXZR1VMApOAPnwAWXoAVuQRt0AAJP4AW8gXfj2Xg1PozPeXTNKGdOwB8YX79kepuf</latexit>

λmax � λmin = 0
<latexit sha1_base64="DDXyjHdVOSto2P8x0BYZYxWKabs=">AAACDnicbVDLSsNAFJ34rPUVdekm2BRclaQguhEKblxWsA9oQphMJunQmUmYmYgl9Avc+CtuXCji1rU7/8Zpm0VtPTBwOOdc7twTZpRI5Tg/xtr6xubWdmWnuru3f3BoHh13ZZoLhDsopanoh1BiSjjuKKIo7mcCQxZS3AtHN1O/94CFJCm/V+MM+wwmnMQEQaWlwKzbtkd1PIJB4TH4OPGSZEEgfHLt2HZg1pyGM4O1StyS1ECJdmB+e1GKcoa5QhRKOXCdTPkFFIogiidVL5c4g2gEEzzQlEOGpV/MzplYda1EVpwK/biyZuriRAGZlGMW6iSDaiiXvan4nzfIVXzlF4RnucIczRfFObVUak27sSIiMFJ0rAlEgui/WmgIBURKN1jVJbjLJ6+SbrPhOg33rllrXZR1VMApOAPnwAWXoAVuQRt0AAJP4AW8gXfj2Xg1PozPeXTNKGdOwB8YX79kepuf</latexit><latexit sha1_base64="DDXyjHdVOSto2P8x0BYZYxWKabs=">AAACDnicbVDLSsNAFJ34rPUVdekm2BRclaQguhEKblxWsA9oQphMJunQmUmYmYgl9Avc+CtuXCji1rU7/8Zpm0VtPTBwOOdc7twTZpRI5Tg/xtr6xubWdmWnuru3f3BoHh13ZZoLhDsopanoh1BiSjjuKKIo7mcCQxZS3AtHN1O/94CFJCm/V+MM+wwmnMQEQaWlwKzbtkd1PIJB4TH4OPGSZEEgfHLt2HZg1pyGM4O1StyS1ECJdmB+e1GKcoa5QhRKOXCdTPkFFIogiidVL5c4g2gEEzzQlEOGpV/MzplYda1EVpwK/biyZuriRAGZlGMW6iSDaiiXvan4nzfIVXzlF4RnucIczRfFObVUak27sSIiMFJ0rAlEgui/WmgIBURKN1jVJbjLJ6+SbrPhOg33rllrXZR1VMApOAPnwAWXoAVuQRt0AAJP4AW8gXfj2Xg1PozPeXTNKGdOwB8YX79kepuf</latexit><latexit sha1_base64="DDXyjHdVOSto2P8x0BYZYxWKabs=">AAACDnicbVDLSsNAFJ34rPUVdekm2BRclaQguhEKblxWsA9oQphMJunQmUmYmYgl9Avc+CtuXCji1rU7/8Zpm0VtPTBwOOdc7twTZpRI5Tg/xtr6xubWdmWnuru3f3BoHh13ZZoLhDsopanoh1BiSjjuKKIo7mcCQxZS3AtHN1O/94CFJCm/V+MM+wwmnMQEQaWlwKzbtkd1PIJB4TH4OPGSZEEgfHLt2HZg1pyGM4O1StyS1ECJdmB+e1GKcoa5QhRKOXCdTPkFFIogiidVL5c4g2gEEzzQlEOGpV/MzplYda1EVpwK/biyZuriRAGZlGMW6iSDaiiXvan4nzfIVXzlF4RnucIczRfFObVUak27sSIiMFJ0rAlEgui/WmgIBURKN1jVJbjLJ6+SbrPhOg33rllrXZR1VMApOAPnwAWXoAVuQRt0AAJP4AW8gXfj2Xg1PozPeXTNKGdOwB8YX79kepuf</latexit><latexit sha1_base64="DDXyjHdVOSto2P8x0BYZYxWKabs=">AAACDnicbVDLSsNAFJ34rPUVdekm2BRclaQguhEKblxWsA9oQphMJunQmUmYmYgl9Avc+CtuXCji1rU7/8Zpm0VtPTBwOOdc7twTZpRI5Tg/xtr6xubWdmWnuru3f3BoHh13ZZoLhDsopanoh1BiSjjuKKIo7mcCQxZS3AtHN1O/94CFJCm/V+MM+wwmnMQEQaWlwKzbtkd1PIJB4TH4OPGSZEEgfHLt2HZg1pyGM4O1StyS1ECJdmB+e1GKcoa5QhRKOXCdTPkFFIogiidVL5c4g2gEEzzQlEOGpV/MzplYda1EVpwK/biyZuriRAGZlGMW6iSDaiiXvan4nzfIVXzlF4RnucIczRfFObVUak27sSIiMFJ0rAlEgui/WmgIBURKN1jVJbjLJ6+SbrPhOg33rllrXZR1VMApOAPnwAWXoAVuQRt0AAJP4AW8gXfj2Xg1PozPeXTNKGdOwB8YX79kepuf</latexit>

λmax � λmin ⇡ 0
<latexit sha1_base64="0dDizYJelDuiFR9tpG1x7p6d72E=">AAACFHicbVDLSsNAFJ34rPUVdekm2AqCUJKC6LLgxmUF+4AmlJvJpB06mYSZibSEfIQbf8WNC0XcunDn3zhts6itBwYO55zLnXv8hFGpbPvHWFvf2NzaLu2Ud/f2Dw7No+O2jFOBSQvHLBZdHyRhlJOWooqRbiIIRD4jHX90O/U7j0RIGvMHNUmIF8GA05BiUFrqm5fVqst0PIB+5kYwzt3BYEGgPHchSUQ8tqvVvlmxa/YM1ipxClJBBZp989sNYpxGhCvMQMqeYyfKy0AoihnJy24qSQJ4BAPS05RDRKSXzY7KrXOtBFYYC/24smbq4kQGkZSTyNfJCNRQLntT8T+vl6rwxssoT1JFOJ4vClNmqdiaNmQFVBCs2EQTwILqv1p4CAKw0j2WdQnO8smrpF2vOXbNua9XGldFHSV0is7QBXLQNWqgO9RELYTRE3pBb+jdeDZejQ/jcx5dM4qZE/QHxtcvwsyelA==</latexit><latexit sha1_base64="0dDizYJelDuiFR9tpG1x7p6d72E=">AAACFHicbVDLSsNAFJ34rPUVdekm2AqCUJKC6LLgxmUF+4AmlJvJpB06mYSZibSEfIQbf8WNC0XcunDn3zhts6itBwYO55zLnXv8hFGpbPvHWFvf2NzaLu2Ud/f2Dw7No+O2jFOBSQvHLBZdHyRhlJOWooqRbiIIRD4jHX90O/U7j0RIGvMHNUmIF8GA05BiUFrqm5fVqst0PIB+5kYwzt3BYEGgPHchSUQ8tqvVvlmxa/YM1ipxClJBBZp989sNYpxGhCvMQMqeYyfKy0AoihnJy24qSQJ4BAPS05RDRKSXzY7KrXOtBFYYC/24smbq4kQGkZSTyNfJCNRQLntT8T+vl6rwxssoT1JFOJ4vClNmqdiaNmQFVBCs2EQTwILqv1p4CAKw0j2WdQnO8smrpF2vOXbNua9XGldFHSV0is7QBXLQNWqgO9RELYTRE3pBb+jdeDZejQ/jcx5dM4qZE/QHxtcvwsyelA==</latexit><latexit sha1_base64="0dDizYJelDuiFR9tpG1x7p6d72E=">AAACFHicbVDLSsNAFJ34rPUVdekm2AqCUJKC6LLgxmUF+4AmlJvJpB06mYSZibSEfIQbf8WNC0XcunDn3zhts6itBwYO55zLnXv8hFGpbPvHWFvf2NzaLu2Ud/f2Dw7No+O2jFOBSQvHLBZdHyRhlJOWooqRbiIIRD4jHX90O/U7j0RIGvMHNUmIF8GA05BiUFrqm5fVqst0PIB+5kYwzt3BYEGgPHchSUQ8tqvVvlmxa/YM1ipxClJBBZp989sNYpxGhCvMQMqeYyfKy0AoihnJy24qSQJ4BAPS05RDRKSXzY7KrXOtBFYYC/24smbq4kQGkZSTyNfJCNRQLntT8T+vl6rwxssoT1JFOJ4vClNmqdiaNmQFVBCs2EQTwILqv1p4CAKw0j2WdQnO8smrpF2vOXbNua9XGldFHSV0is7QBXLQNWqgO9RELYTRE3pBb+jdeDZejQ/jcx5dM4qZE/QHxtcvwsyelA==</latexit><latexit sha1_base64="0dDizYJelDuiFR9tpG1x7p6d72E=">AAACFHicbVDLSsNAFJ34rPUVdekm2AqCUJKC6LLgxmUF+4AmlJvJpB06mYSZibSEfIQbf8WNC0XcunDn3zhts6itBwYO55zLnXv8hFGpbPvHWFvf2NzaLu2Ud/f2Dw7No+O2jFOBSQvHLBZdHyRhlJOWooqRbiIIRD4jHX90O/U7j0RIGvMHNUmIF8GA05BiUFrqm5fVqst0PIB+5kYwzt3BYEGgPHchSUQ8tqvVvlmxa/YM1ipxClJBBZp989sNYpxGhCvMQMqeYyfKy0AoihnJy24qSQJ4BAPS05RDRKSXzY7KrXOtBFYYC/24smbq4kQGkZSTyNfJCNRQLntT8T+vl6rwxssoT1JFOJ4vClNmqdiaNmQFVBCs2EQTwILqv1p4CAKw0j2WdQnO8smrpF2vOXbNua9XGldFHSV0is7QBXLQNWqgO9RELYTRE3pBb+jdeDZejQ/jcx5dM4qZE/QHxtcvwsyelA==</latexit>

• En general si ambos valores propios son grandes tenemos un buen candidato. Si uno 

(el menor) es muy bajo es similar a un borde. 

• Conviene analizar los valores propios de A, pero puede ser costoso.  

• Shi y Tomasi (1994), se basan en el valor del mínimo para encontrar los good 

features to track.



• Harris y Stephens (1988) proponen evaluar la relación 

• No es necesario calcular los valores propios

<latexit sha1_base64="HJcGOaTRXh358fpIqYugi/YOSq0="></latexit><latexit sha1_base64="HJcGOaTRXh358fpIqYugi/YOSq0="></latexit><latexit sha1_base64="HJcGOaTRXh358fpIqYugi/YOSq0="></latexit><latexit sha1_base64="HJcGOaTRXh358fpIqYugi/YOSq0="></latexit>

A A
<latexit sha1_base64="QSPsSlSGx2muGmOxYf83WLkEoIM="></latexit><latexit sha1_base64="QSPsSlSGx2muGmOxYf83WLkEoIM="></latexit><latexit sha1_base64="QSPsSlSGx2muGmOxYf83WLkEoIM="></latexit><latexit sha1_base64="QSPsSlSGx2muGmOxYf83WLkEoIM="></latexit>

Detector de esquinas de Harris

esquinas

bordes 
horizontales

bordes 
verticaleszonas  

“planas”

λ1
<latexit sha1_base64="VZw/ZyLY/seqjmKD2grZ+6JC6lk=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EuwKnspuQfRY8OKxgm2FdinZbLYNzSZrki2Upb/DiwdFvPpjvPlvTNs9aOtAYJiZx3uZMOVMG8/7dkobm1vbO+Xdyt7+weFR9fiko2WmCG0TyaV6DLGmnAnaNsxw+pgqipOQ0244vp373QlVmknxYKYpDRI8FCxmBBsrBa7b5zYc4YHvuoNqzat7C6B14hekBgVag+pXP5IkS6gwhGOte76XmiDHyjDC6azSzzRNMRnjIe1ZKnBCdZAvjp6hC6tEKJbKPmHQQv09keNE62kS2mSCzUivenPxP6+XmfgmyJlIM0MFWS6KM46MRPMGUMQUJYZPLcFEMXsrIiOsMDG2p4otwV/98jrpNOq+V/fvG7XmVVFHGc7gHC7Bh2towh20oA0EnuAZXuHNmTgvzrvzsYyWnGLmFP7A+fwB2muQyg==</latexit><latexit sha1_base64="VZw/ZyLY/seqjmKD2grZ+6JC6lk=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EuwKnspuQfRY8OKxgm2FdinZbLYNzSZrki2Upb/DiwdFvPpjvPlvTNs9aOtAYJiZx3uZMOVMG8/7dkobm1vbO+Xdyt7+weFR9fiko2WmCG0TyaV6DLGmnAnaNsxw+pgqipOQ0244vp373QlVmknxYKYpDRI8FCxmBBsrBa7b5zYc4YHvuoNqzat7C6B14hekBgVag+pXP5IkS6gwhGOte76XmiDHyjDC6azSzzRNMRnjIe1ZKnBCdZAvjp6hC6tEKJbKPmHQQv09keNE62kS2mSCzUivenPxP6+XmfgmyJlIM0MFWS6KM46MRPMGUMQUJYZPLcFEMXsrIiOsMDG2p4otwV/98jrpNOq+V/fvG7XmVVFHGc7gHC7Bh2towh20oA0EnuAZXuHNmTgvzrvzsYyWnGLmFP7A+fwB2muQyg==</latexit><latexit sha1_base64="VZw/ZyLY/seqjmKD2grZ+6JC6lk=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EuwKnspuQfRY8OKxgm2FdinZbLYNzSZrki2Upb/DiwdFvPpjvPlvTNs9aOtAYJiZx3uZMOVMG8/7dkobm1vbO+Xdyt7+weFR9fiko2WmCG0TyaV6DLGmnAnaNsxw+pgqipOQ0244vp373QlVmknxYKYpDRI8FCxmBBsrBa7b5zYc4YHvuoNqzat7C6B14hekBgVag+pXP5IkS6gwhGOte76XmiDHyjDC6azSzzRNMRnjIe1ZKnBCdZAvjp6hC6tEKJbKPmHQQv09keNE62kS2mSCzUivenPxP6+XmfgmyJlIM0MFWS6KM46MRPMGUMQUJYZPLcFEMXsrIiOsMDG2p4otwV/98jrpNOq+V/fvG7XmVVFHGc7gHC7Bh2towh20oA0EnuAZXuHNmTgvzrvzsYyWnGLmFP7A+fwB2muQyg==</latexit><latexit sha1_base64="VZw/ZyLY/seqjmKD2grZ+6JC6lk=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EuwKnspuQfRY8OKxgm2FdinZbLYNzSZrki2Upb/DiwdFvPpjvPlvTNs9aOtAYJiZx3uZMOVMG8/7dkobm1vbO+Xdyt7+weFR9fiko2WmCG0TyaV6DLGmnAnaNsxw+pgqipOQ0244vp373QlVmknxYKYpDRI8FCxmBBsrBa7b5zYc4YHvuoNqzat7C6B14hekBgVag+pXP5IkS6gwhGOte76XmiDHyjDC6azSzzRNMRnjIe1ZKnBCdZAvjp6hC6tEKJbKPmHQQv09keNE62kS2mSCzUivenPxP6+XmfgmyJlIM0MFWS6KM46MRPMGUMQUJYZPLcFEMXsrIiOsMDG2p4otwV/98jrpNOq+V/fvG7XmVVFHGc7gHC7Bh2towh20oA0EnuAZXuHNmTgvzrvzsYyWnGLmFP7A+fwB2muQyg==</latexit>

λ2
<latexit sha1_base64="HhH4ORjZEbj3i1gM3rlGKJfhKAc=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EuwKnspuQfRY8OKxgm2FdinZbLYNTbJrki2Upb/DiwdFvPpjvPlvTNs9aOtAYJiZx3uZMOVMG8/7dkobm1vbO+Xdyt7+weFR9fiko5NMEdomCU/UY4g15UzStmGG08dUUSxCTrvh+HbudydUaZbIBzNNaSDwULKYEWysFLhun9twhAcN1x1Ua17dWwCtE78gNSjQGlS/+lFCMkGlIRxr3fO91AQ5VoYRTmeVfqZpiskYD2nPUokF1UG+OHqGLqwSoThR9kmDFurviRwLracitEmBzUivenPxP6+XmfgmyJlMM0MlWS6KM45MguYNoIgpSgyfWoKJYvZWREZYYWJsTxVbgr/65XXSadR9r+7fN2rNq6KOMpzBOVyCD9fQhDtoQRsIPMEzvMKbM3FenHfnYxktOcXMKfyB8/kD2/GQyw==</latexit><latexit sha1_base64="HhH4ORjZEbj3i1gM3rlGKJfhKAc=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EuwKnspuQfRY8OKxgm2FdinZbLYNTbJrki2Upb/DiwdFvPpjvPlvTNs9aOtAYJiZx3uZMOVMG8/7dkobm1vbO+Xdyt7+weFR9fiko5NMEdomCU/UY4g15UzStmGG08dUUSxCTrvh+HbudydUaZbIBzNNaSDwULKYEWysFLhun9twhAcN1x1Ua17dWwCtE78gNSjQGlS/+lFCMkGlIRxr3fO91AQ5VoYRTmeVfqZpiskYD2nPUokF1UG+OHqGLqwSoThR9kmDFurviRwLracitEmBzUivenPxP6+XmfgmyJlMM0MlWS6KM45MguYNoIgpSgyfWoKJYvZWREZYYWJsTxVbgr/65XXSadR9r+7fN2rNq6KOMpzBOVyCD9fQhDtoQRsIPMEzvMKbM3FenHfnYxktOcXMKfyB8/kD2/GQyw==</latexit><latexit sha1_base64="HhH4ORjZEbj3i1gM3rlGKJfhKAc=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EuwKnspuQfRY8OKxgm2FdinZbLYNTbJrki2Upb/DiwdFvPpjvPlvTNs9aOtAYJiZx3uZMOVMG8/7dkobm1vbO+Xdyt7+weFR9fiko5NMEdomCU/UY4g15UzStmGG08dUUSxCTrvh+HbudydUaZbIBzNNaSDwULKYEWysFLhun9twhAcN1x1Ua17dWwCtE78gNSjQGlS/+lFCMkGlIRxr3fO91AQ5VoYRTmeVfqZpiskYD2nPUokF1UG+OHqGLqwSoThR9kmDFurviRwLracitEmBzUivenPxP6+XmfgmyJlMM0MlWS6KM45MguYNoIgpSgyfWoKJYvZWREZYYWJsTxVbgr/65XXSadR9r+7fN2rNq6KOMpzBOVyCD9fQhDtoQRsIPMEzvMKbM3FenHfnYxktOcXMKfyB8/kD2/GQyw==</latexit><latexit sha1_base64="HhH4ORjZEbj3i1gM3rlGKJfhKAc=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EuwKnspuQfRY8OKxgm2FdinZbLYNTbJrki2Upb/DiwdFvPpjvPlvTNs9aOtAYJiZx3uZMOVMG8/7dkobm1vbO+Xdyt7+weFR9fiko5NMEdomCU/UY4g15UzStmGG08dUUSxCTrvh+HbudydUaZbIBzNNaSDwULKYEWysFLhun9twhAcN1x1Ua17dWwCtE78gNSjQGlS/+lFCMkGlIRxr3fO91AQ5VoYRTmeVfqZpiskYD2nPUokF1UG+OHqGLqwSoThR9kmDFurviRwLracitEmBzUivenPxP6+XmfgmyJlMM0MlWS6KM45MguYNoIgpSgyfWoKJYvZWREZYYWJsTxVbgr/65XXSadR9r+7fN2rNq6KOMpzBOVyCD9fQhDtoQRsIPMEzvMKbM3FenHfnYxktOcXMKfyB8/kD2/GQyw==</latexit>

λ2 � λ1
<latexit sha1_base64="7Aoe21wIW3n2Y9nHQUWD2gVWh8Y=">AAACAnicbVDLSsNAFL3xWesr6krcDDaCq5IURJcFNy4r2Ac0IUwmk3bo5MHMRCihuPFX3LhQxK1f4c6/cdpG0NYDA4dzzuXOPUHGmVS2/WWsrK6tb2xWtqrbO7t7++bBYUemuSC0TVKeil6AJeUsoW3FFKe9TFAcB5x2g9H11O/eUyFZmtypcUa9GA8SFjGClZZ889iyXK7jIfYb7mDwwx3L8s2aXbdnQMvEKUkNSrR889MNU5LHNFGEYyn7jp0pr8BCMcLppOrmkmaYjPCA9jVNcEylV8xOmKAzrYQoSoV+iUIz9fdEgWMpx3GgkzFWQ7noTcX/vH6uoiuvYEmWK5qQ+aIo50ilaNoHCpmgRPGxJpgIpv+KyBALTJRurapLcBZPXiadRt2x685to9a8KOuowAmcwjk4cAlNuIEWtIHAAzzBC7waj8az8Wa8z6MrRjlzBH9gfHwDI8GV6w==</latexit><latexit sha1_base64="7Aoe21wIW3n2Y9nHQUWD2gVWh8Y=">AAACAnicbVDLSsNAFL3xWesr6krcDDaCq5IURJcFNy4r2Ac0IUwmk3bo5MHMRCihuPFX3LhQxK1f4c6/cdpG0NYDA4dzzuXOPUHGmVS2/WWsrK6tb2xWtqrbO7t7++bBYUemuSC0TVKeil6AJeUsoW3FFKe9TFAcB5x2g9H11O/eUyFZmtypcUa9GA8SFjGClZZ889iyXK7jIfYb7mDwwx3L8s2aXbdnQMvEKUkNSrR889MNU5LHNFGEYyn7jp0pr8BCMcLppOrmkmaYjPCA9jVNcEylV8xOmKAzrYQoSoV+iUIz9fdEgWMpx3GgkzFWQ7noTcX/vH6uoiuvYEmWK5qQ+aIo50ilaNoHCpmgRPGxJpgIpv+KyBALTJRurapLcBZPXiadRt2x685to9a8KOuowAmcwjk4cAlNuIEWtIHAAzzBC7waj8az8Wa8z6MrRjlzBH9gfHwDI8GV6w==</latexit><latexit sha1_base64="7Aoe21wIW3n2Y9nHQUWD2gVWh8Y=">AAACAnicbVDLSsNAFL3xWesr6krcDDaCq5IURJcFNy4r2Ac0IUwmk3bo5MHMRCihuPFX3LhQxK1f4c6/cdpG0NYDA4dzzuXOPUHGmVS2/WWsrK6tb2xWtqrbO7t7++bBYUemuSC0TVKeil6AJeUsoW3FFKe9TFAcB5x2g9H11O/eUyFZmtypcUa9GA8SFjGClZZ889iyXK7jIfYb7mDwwx3L8s2aXbdnQMvEKUkNSrR889MNU5LHNFGEYyn7jp0pr8BCMcLppOrmkmaYjPCA9jVNcEylV8xOmKAzrYQoSoV+iUIz9fdEgWMpx3GgkzFWQ7noTcX/vH6uoiuvYEmWK5qQ+aIo50ilaNoHCpmgRPGxJpgIpv+KyBALTJRurapLcBZPXiadRt2x685to9a8KOuowAmcwjk4cAlNuIEWtIHAAzzBC7waj8az8Wa8z6MrRjlzBH9gfHwDI8GV6w==</latexit><latexit sha1_base64="7Aoe21wIW3n2Y9nHQUWD2gVWh8Y=">AAACAnicbVDLSsNAFL3xWesr6krcDDaCq5IURJcFNy4r2Ac0IUwmk3bo5MHMRCihuPFX3LhQxK1f4c6/cdpG0NYDA4dzzuXOPUHGmVS2/WWsrK6tb2xWtqrbO7t7++bBYUemuSC0TVKeil6AJeUsoW3FFKe9TFAcB5x2g9H11O/eUyFZmtypcUa9GA8SFjGClZZ889iyXK7jIfYb7mDwwx3L8s2aXbdnQMvEKUkNSrR889MNU5LHNFGEYyn7jp0pr8BCMcLppOrmkmaYjPCA9jVNcEylV8xOmKAzrYQoSoV+iUIz9fdEgWMpx3GgkzFWQ7noTcX/vH6uoiuvYEmWK5qQ+aIo50ilaNoHCpmgRPGxJpgIpv+KyBALTJRurapLcBZPXiadRt2x685to9a8KOuowAmcwjk4cAlNuIEWtIHAAzzBC7waj8az8Wa8z6MrRjlzBH9gfHwDI8GV6w==</latexit>

λ1,λ2 grandes
<latexit sha1_base64="4g1llH9Eu3yDG5ApbhgBpaokbv4=">AAACE3icbVDLSsNAFJ34rPUVdelmsBFEpCQFUXBTcOOygn1AE8JkMmmHTiZhZiKU0H9w46+4caGIWzfu/BsnbQRtPTBwOOdc5t4TpIxKZdtfxtLyyuraemWjurm1vbNr7u13ZJIJTNo4YYnoBUgSRjlpK6oY6aWCoDhgpBuMrgu/e0+EpAm/U+OUeDEacBpRjJSWfPPUslym4yHynTP4QxvulRsjNRRxPhCIh0ROLMs3a3bdngIuEqckNVCi5ZufbpjgLCZcYYak7Dt2qrwcCUUxI5Oqm0mSIjxCA9LXlKOYSC+f3jSBx1oJYZQI/biCU/X3RI5iKcdxoJPFpnLeK8T/vH6moksvpzzNFOF49lGUMagSWBQEQyoIVmysCcKC6l0hHiKBsNI1VnUJzvzJi6TTqDt23blt1JrnZR0VcAiOwAlwwAVoghvQAm2AwQN4Ai/g1Xg0no03430WXTLKmQPwB8bHNyxenQ8=</latexit><latexit sha1_base64="4g1llH9Eu3yDG5ApbhgBpaokbv4=">AAACE3icbVDLSsNAFJ34rPUVdelmsBFEpCQFUXBTcOOygn1AE8JkMmmHTiZhZiKU0H9w46+4caGIWzfu/BsnbQRtPTBwOOdc5t4TpIxKZdtfxtLyyuraemWjurm1vbNr7u13ZJIJTNo4YYnoBUgSRjlpK6oY6aWCoDhgpBuMrgu/e0+EpAm/U+OUeDEacBpRjJSWfPPUslym4yHynTP4QxvulRsjNRRxPhCIh0ROLMs3a3bdngIuEqckNVCi5ZufbpjgLCZcYYak7Dt2qrwcCUUxI5Oqm0mSIjxCA9LXlKOYSC+f3jSBx1oJYZQI/biCU/X3RI5iKcdxoJPFpnLeK8T/vH6moksvpzzNFOF49lGUMagSWBQEQyoIVmysCcKC6l0hHiKBsNI1VnUJzvzJi6TTqDt23blt1JrnZR0VcAiOwAlwwAVoghvQAm2AwQN4Ai/g1Xg0no03430WXTLKmQPwB8bHNyxenQ8=</latexit><latexit sha1_base64="4g1llH9Eu3yDG5ApbhgBpaokbv4=">AAACE3icbVDLSsNAFJ34rPUVdelmsBFEpCQFUXBTcOOygn1AE8JkMmmHTiZhZiKU0H9w46+4caGIWzfu/BsnbQRtPTBwOOdc5t4TpIxKZdtfxtLyyuraemWjurm1vbNr7u13ZJIJTNo4YYnoBUgSRjlpK6oY6aWCoDhgpBuMrgu/e0+EpAm/U+OUeDEacBpRjJSWfPPUslym4yHynTP4QxvulRsjNRRxPhCIh0ROLMs3a3bdngIuEqckNVCi5ZufbpjgLCZcYYak7Dt2qrwcCUUxI5Oqm0mSIjxCA9LXlKOYSC+f3jSBx1oJYZQI/biCU/X3RI5iKcdxoJPFpnLeK8T/vH6moksvpzzNFOF49lGUMagSWBQEQyoIVmysCcKC6l0hHiKBsNI1VnUJzvzJi6TTqDt23blt1JrnZR0VcAiOwAlwwAVoghvQAm2AwQN4Ai/g1Xg0no03430WXTLKmQPwB8bHNyxenQ8=</latexit><latexit sha1_base64="4g1llH9Eu3yDG5ApbhgBpaokbv4=">AAACE3icbVDLSsNAFJ34rPUVdelmsBFEpCQFUXBTcOOygn1AE8JkMmmHTiZhZiKU0H9w46+4caGIWzfu/BsnbQRtPTBwOOdc5t4TpIxKZdtfxtLyyuraemWjurm1vbNr7u13ZJIJTNo4YYnoBUgSRjlpK6oY6aWCoDhgpBuMrgu/e0+EpAm/U+OUeDEacBpRjJSWfPPUslym4yHynTP4QxvulRsjNRRxPhCIh0ROLMs3a3bdngIuEqckNVCi5ZufbpjgLCZcYYak7Dt2qrwcCUUxI5Oqm0mSIjxCA9LXlKOYSC+f3jSBx1oJYZQI/biCU/X3RI5iKcdxoJPFpnLeK8T/vH6moksvpzzNFOF49lGUMagSWBQEQyoIVmysCcKC6l0hHiKBsNI1VnUJzvzJi6TTqDt23blt1JrnZR0VcAiOwAlwwAVoghvQAm2AwQN4Ai/g1Xg0no03430WXTLKmQPwB8bHNyxenQ8=</latexit>

λ1 ≈ λ2
<latexit sha1_base64="oGFeskTP4r9hry4rCzsAhjEV+vg=">AAACBnicbVDNS8MwHE3n15xfVY8iFFfB02gHoseBF48T3Aeso6RpuoWlSUhScZSdvPivePGgiFf/Bm/+N2ZbBd18EHh57/1Ifi8SlCjteV9WaWV1bX2jvFnZ2t7Z3bP3D9qKZxLhFuKUy24EFaaE4ZYmmuKukBimEcWdaHQ19Tt3WCrC2a0eC9xP4YCRhCCojRTax64bUBOPYegHUAjJ73/uddcN7apX82ZwlolfkCoo0AztzyDmKEsx04hCpXq+J3Q/h1ITRPGkEmQKC4hGcIB7hjKYYtXPZ2tMnFOjxE7CpTlMOzP190QOU6XGaWSSKdRDtehNxf+8XqaTy35OmMg0Zmj+UJJRR3Nn2okTE4mRpmNDIJLE/NVBQygh0qa5iinBX1x5mbTrNd+r+Tf1auO8qKMMjsAJOAM+uAANcA2aoAUQeABP4AW8Wo/Ws/Vmvc+jJauYOQR/YH18A5tTl98=</latexit><latexit sha1_base64="oGFeskTP4r9hry4rCzsAhjEV+vg=">AAACBnicbVDNS8MwHE3n15xfVY8iFFfB02gHoseBF48T3Aeso6RpuoWlSUhScZSdvPivePGgiFf/Bm/+N2ZbBd18EHh57/1Ifi8SlCjteV9WaWV1bX2jvFnZ2t7Z3bP3D9qKZxLhFuKUy24EFaaE4ZYmmuKukBimEcWdaHQ19Tt3WCrC2a0eC9xP4YCRhCCojRTax64bUBOPYegHUAjJ73/uddcN7apX82ZwlolfkCoo0AztzyDmKEsx04hCpXq+J3Q/h1ITRPGkEmQKC4hGcIB7hjKYYtXPZ2tMnFOjxE7CpTlMOzP190QOU6XGaWSSKdRDtehNxf+8XqaTy35OmMg0Zmj+UJJRR3Nn2okTE4mRpmNDIJLE/NVBQygh0qa5iinBX1x5mbTrNd+r+Tf1auO8qKMMjsAJOAM+uAANcA2aoAUQeABP4AW8Wo/Ws/Vmvc+jJauYOQR/YH18A5tTl98=</latexit><latexit sha1_base64="oGFeskTP4r9hry4rCzsAhjEV+vg=">AAACBnicbVDNS8MwHE3n15xfVY8iFFfB02gHoseBF48T3Aeso6RpuoWlSUhScZSdvPivePGgiFf/Bm/+N2ZbBd18EHh57/1Ifi8SlCjteV9WaWV1bX2jvFnZ2t7Z3bP3D9qKZxLhFuKUy24EFaaE4ZYmmuKukBimEcWdaHQ19Tt3WCrC2a0eC9xP4YCRhCCojRTax64bUBOPYegHUAjJ73/uddcN7apX82ZwlolfkCoo0AztzyDmKEsx04hCpXq+J3Q/h1ITRPGkEmQKC4hGcIB7hjKYYtXPZ2tMnFOjxE7CpTlMOzP190QOU6XGaWSSKdRDtehNxf+8XqaTy35OmMg0Zmj+UJJRR3Nn2okTE4mRpmNDIJLE/NVBQygh0qa5iinBX1x5mbTrNd+r+Tf1auO8qKMMjsAJOAM+uAANcA2aoAUQeABP4AW8Wo/Ws/Vmvc+jJauYOQR/YH18A5tTl98=</latexit><latexit sha1_base64="oGFeskTP4r9hry4rCzsAhjEV+vg=">AAACBnicbVDNS8MwHE3n15xfVY8iFFfB02gHoseBF48T3Aeso6RpuoWlSUhScZSdvPivePGgiFf/Bm/+N2ZbBd18EHh57/1Ifi8SlCjteV9WaWV1bX2jvFnZ2t7Z3bP3D9qKZxLhFuKUy24EFaaE4ZYmmuKukBimEcWdaHQ19Tt3WCrC2a0eC9xP4YCRhCCojRTax64bUBOPYegHUAjJ73/uddcN7apX82ZwlolfkCoo0AztzyDmKEsx04hCpXq+J3Q/h1ITRPGkEmQKC4hGcIB7hjKYYtXPZ2tMnFOjxE7CpTlMOzP190QOU6XGaWSSKdRDtehNxf+8XqaTy35OmMg0Zmj+UJJRR3Nn2okTE4mRpmNDIJLE/NVBQygh0qa5iinBX1x5mbTrNd+r+Tf1auO8qKMMjsAJOAM+uAANcA2aoAUQeABP4AW8Wo/Ws/Vmvc+jJauYOQR/YH18A5tTl98=</latexit>

λ1 � λ2
<latexit sha1_base64="KN5SzV0UXInbg7rQakX/yG49eSE=">AAACAnicbVDLSsNAFL3xWesr6krcDDaCq5IURJcFNy4r2Ac0IUwmk3bo5MHMRCihuPFX3LhQxK1f4c6/cdpG0NYDA4dzzuXOPUHGmVS2/WWsrK6tb2xWtqrbO7t7++bBYUemuSC0TVKeil6AJeUsoW3FFKe9TFAcB5x2g9H11O/eUyFZmtypcUa9GA8SFjGClZZ889iyXK7jIfYddzD44Q3L8s2aXbdnQMvEKUkNSrR889MNU5LHNFGEYyn7jp0pr8BCMcLppOrmkmaYjPCA9jVNcEylV8xOmKAzrYQoSoV+iUIz9fdEgWMpx3GgkzFWQ7noTcX/vH6uoiuvYEmWK5qQ+aIo50ilaNoHCpmgRPGxJpgIpv+KyBALTJRurapLcBZPXiadRt2x685to9a8KOuowAmcwjk4cAlNuIEWtIHAAzzBC7waj8az8Wa8z6MrRjlzBH9gfHwDI7WV6w==</latexit><latexit sha1_base64="KN5SzV0UXInbg7rQakX/yG49eSE=">AAACAnicbVDLSsNAFL3xWesr6krcDDaCq5IURJcFNy4r2Ac0IUwmk3bo5MHMRCihuPFX3LhQxK1f4c6/cdpG0NYDA4dzzuXOPUHGmVS2/WWsrK6tb2xWtqrbO7t7++bBYUemuSC0TVKeil6AJeUsoW3FFKe9TFAcB5x2g9H11O/eUyFZmtypcUa9GA8SFjGClZZ889iyXK7jIfYddzD44Q3L8s2aXbdnQMvEKUkNSrR889MNU5LHNFGEYyn7jp0pr8BCMcLppOrmkmaYjPCA9jVNcEylV8xOmKAzrYQoSoV+iUIz9fdEgWMpx3GgkzFWQ7noTcX/vH6uoiuvYEmWK5qQ+aIo50ilaNoHCpmgRPGxJpgIpv+KyBALTJRurapLcBZPXiadRt2x685to9a8KOuowAmcwjk4cAlNuIEWtIHAAzzBC7waj8az8Wa8z6MrRjlzBH9gfHwDI7WV6w==</latexit><latexit sha1_base64="KN5SzV0UXInbg7rQakX/yG49eSE=">AAACAnicbVDLSsNAFL3xWesr6krcDDaCq5IURJcFNy4r2Ac0IUwmk3bo5MHMRCihuPFX3LhQxK1f4c6/cdpG0NYDA4dzzuXOPUHGmVS2/WWsrK6tb2xWtqrbO7t7++bBYUemuSC0TVKeil6AJeUsoW3FFKe9TFAcB5x2g9H11O/eUyFZmtypcUa9GA8SFjGClZZ889iyXK7jIfYddzD44Q3L8s2aXbdnQMvEKUkNSrR889MNU5LHNFGEYyn7jp0pr8BCMcLppOrmkmaYjPCA9jVNcEylV8xOmKAzrYQoSoV+iUIz9fdEgWMpx3GgkzFWQ7noTcX/vH6uoiuvYEmWK5qQ+aIo50ilaNoHCpmgRPGxJpgIpv+KyBALTJRurapLcBZPXiadRt2x685to9a8KOuowAmcwjk4cAlNuIEWtIHAAzzBC7waj8az8Wa8z6MrRjlzBH9gfHwDI7WV6w==</latexit><latexit sha1_base64="KN5SzV0UXInbg7rQakX/yG49eSE=">AAACAnicbVDLSsNAFL3xWesr6krcDDaCq5IURJcFNy4r2Ac0IUwmk3bo5MHMRCihuPFX3LhQxK1f4c6/cdpG0NYDA4dzzuXOPUHGmVS2/WWsrK6tb2xWtqrbO7t7++bBYUemuSC0TVKeil6AJeUsoW3FFKe9TFAcB5x2g9H11O/eUyFZmtypcUa9GA8SFjGClZZ889iyXK7jIfYddzD44Q3L8s2aXbdnQMvEKUkNSrR889MNU5LHNFGEYyn7jp0pr8BCMcLppOrmkmaYjPCA9jVNcEylV8xOmKAzrYQoSoV+iUIz9fdEgWMpx3GgkzFWQ7noTcX/vH6uoiuvYEmWK5qQ+aIo50ilaNoHCpmgRPGxJpgIpv+KyBALTJRurapLcBZPXiadRt2x685to9a8KOuowAmcwjk4cAlNuIEWtIHAAzzBC7waj8az8Wa8z6MrRjlzBH9gfHwDI7WV6w==</latexit>

λ1
<latexit sha1_base64="VZw/ZyLY/seqjmKD2grZ+6JC6lk=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EuwKnspuQfRY8OKxgm2FdinZbLYNzSZrki2Upb/DiwdFvPpjvPlvTNs9aOtAYJiZx3uZMOVMG8/7dkobm1vbO+Xdyt7+weFR9fiko2WmCG0TyaV6DLGmnAnaNsxw+pgqipOQ0244vp373QlVmknxYKYpDRI8FCxmBBsrBa7b5zYc4YHvuoNqzat7C6B14hekBgVag+pXP5IkS6gwhGOte76XmiDHyjDC6azSzzRNMRnjIe1ZKnBCdZAvjp6hC6tEKJbKPmHQQv09keNE62kS2mSCzUivenPxP6+XmfgmyJlIM0MFWS6KM46MRPMGUMQUJYZPLcFEMXsrIiOsMDG2p4otwV/98jrpNOq+V/fvG7XmVVFHGc7gHC7Bh2towh20oA0EnuAZXuHNmTgvzrvzsYyWnGLmFP7A+fwB2muQyg==</latexit><latexit sha1_base64="VZw/ZyLY/seqjmKD2grZ+6JC6lk=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EuwKnspuQfRY8OKxgm2FdinZbLYNzSZrki2Upb/DiwdFvPpjvPlvTNs9aOtAYJiZx3uZMOVMG8/7dkobm1vbO+Xdyt7+weFR9fiko2WmCG0TyaV6DLGmnAnaNsxw+pgqipOQ0244vp373QlVmknxYKYpDRI8FCxmBBsrBa7b5zYc4YHvuoNqzat7C6B14hekBgVag+pXP5IkS6gwhGOte76XmiDHyjDC6azSzzRNMRnjIe1ZKnBCdZAvjp6hC6tEKJbKPmHQQv09keNE62kS2mSCzUivenPxP6+XmfgmyJlIM0MFWS6KM46MRPMGUMQUJYZPLcFEMXsrIiOsMDG2p4otwV/98jrpNOq+V/fvG7XmVVFHGc7gHC7Bh2towh20oA0EnuAZXuHNmTgvzrvzsYyWnGLmFP7A+fwB2muQyg==</latexit><latexit sha1_base64="VZw/ZyLY/seqjmKD2grZ+6JC6lk=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EuwKnspuQfRY8OKxgm2FdinZbLYNzSZrki2Upb/DiwdFvPpjvPlvTNs9aOtAYJiZx3uZMOVMG8/7dkobm1vbO+Xdyt7+weFR9fiko2WmCG0TyaV6DLGmnAnaNsxw+pgqipOQ0244vp373QlVmknxYKYpDRI8FCxmBBsrBa7b5zYc4YHvuoNqzat7C6B14hekBgVag+pXP5IkS6gwhGOte76XmiDHyjDC6azSzzRNMRnjIe1ZKnBCdZAvjp6hC6tEKJbKPmHQQv09keNE62kS2mSCzUivenPxP6+XmfgmyJlIM0MFWS6KM46MRPMGUMQUJYZPLcFEMXsrIiOsMDG2p4otwV/98jrpNOq+V/fvG7XmVVFHGc7gHC7Bh2towh20oA0EnuAZXuHNmTgvzrvzsYyWnGLmFP7A+fwB2muQyg==</latexit><latexit sha1_base64="VZw/ZyLY/seqjmKD2grZ+6JC6lk=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EuwKnspuQfRY8OKxgm2FdinZbLYNzSZrki2Upb/DiwdFvPpjvPlvTNs9aOtAYJiZx3uZMOVMG8/7dkobm1vbO+Xdyt7+weFR9fiko2WmCG0TyaV6DLGmnAnaNsxw+pgqipOQ0244vp373QlVmknxYKYpDRI8FCxmBBsrBa7b5zYc4YHvuoNqzat7C6B14hekBgVag+pXP5IkS6gwhGOte76XmiDHyjDC6azSzzRNMRnjIe1ZKnBCdZAvjp6hC6tEKJbKPmHQQv09keNE62kS2mSCzUivenPxP6+XmfgmyJlIM0MFWS6KM46MRPMGUMQUJYZPLcFEMXsrIiOsMDG2p4otwV/98jrpNOq+V/fvG7XmVVFHGc7gHC7Bh2towh20oA0EnuAZXuHNmTgvzrvzsYyWnGLmFP7A+fwB2muQyg==</latexit>

λ2
<latexit sha1_base64="HhH4ORjZEbj3i1gM3rlGKJfhKAc=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EuwKnspuQfRY8OKxgm2FdinZbLYNTbJrki2Upb/DiwdFvPpjvPlvTNs9aOtAYJiZx3uZMOVMG8/7dkobm1vbO+Xdyt7+weFR9fiko5NMEdomCU/UY4g15UzStmGG08dUUSxCTrvh+HbudydUaZbIBzNNaSDwULKYEWysFLhun9twhAcN1x1Ua17dWwCtE78gNSjQGlS/+lFCMkGlIRxr3fO91AQ5VoYRTmeVfqZpiskYD2nPUokF1UG+OHqGLqwSoThR9kmDFurviRwLracitEmBzUivenPxP6+XmfgmyJlMM0MlWS6KM45MguYNoIgpSgyfWoKJYvZWREZYYWJsTxVbgr/65XXSadR9r+7fN2rNq6KOMpzBOVyCD9fQhDtoQRsIPMEzvMKbM3FenHfnYxktOcXMKfyB8/kD2/GQyw==</latexit><latexit sha1_base64="HhH4ORjZEbj3i1gM3rlGKJfhKAc=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EuwKnspuQfRY8OKxgm2FdinZbLYNTbJrki2Upb/DiwdFvPpjvPlvTNs9aOtAYJiZx3uZMOVMG8/7dkobm1vbO+Xdyt7+weFR9fiko5NMEdomCU/UY4g15UzStmGG08dUUSxCTrvh+HbudydUaZbIBzNNaSDwULKYEWysFLhun9twhAcN1x1Ua17dWwCtE78gNSjQGlS/+lFCMkGlIRxr3fO91AQ5VoYRTmeVfqZpiskYD2nPUokF1UG+OHqGLqwSoThR9kmDFurviRwLracitEmBzUivenPxP6+XmfgmyJlMM0MlWS6KM45MguYNoIgpSgyfWoKJYvZWREZYYWJsTxVbgr/65XXSadR9r+7fN2rNq6KOMpzBOVyCD9fQhDtoQRsIPMEzvMKbM3FenHfnYxktOcXMKfyB8/kD2/GQyw==</latexit><latexit sha1_base64="HhH4ORjZEbj3i1gM3rlGKJfhKAc=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EuwKnspuQfRY8OKxgm2FdinZbLYNTbJrki2Upb/DiwdFvPpjvPlvTNs9aOtAYJiZx3uZMOVMG8/7dkobm1vbO+Xdyt7+weFR9fiko5NMEdomCU/UY4g15UzStmGG08dUUSxCTrvh+HbudydUaZbIBzNNaSDwULKYEWysFLhun9twhAcN1x1Ua17dWwCtE78gNSjQGlS/+lFCMkGlIRxr3fO91AQ5VoYRTmeVfqZpiskYD2nPUokF1UG+OHqGLqwSoThR9kmDFurviRwLracitEmBzUivenPxP6+XmfgmyJlMM0MlWS6KM45MguYNoIgpSgyfWoKJYvZWREZYYWJsTxVbgr/65XXSadR9r+7fN2rNq6KOMpzBOVyCD9fQhDtoQRsIPMEzvMKbM3FenHfnYxktOcXMKfyB8/kD2/GQyw==</latexit><latexit sha1_base64="HhH4ORjZEbj3i1gM3rlGKJfhKAc=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EuwKnspuQfRY8OKxgm2FdinZbLYNTbJrki2Upb/DiwdFvPpjvPlvTNs9aOtAYJiZx3uZMOVMG8/7dkobm1vbO+Xdyt7+weFR9fiko5NMEdomCU/UY4g15UzStmGG08dUUSxCTrvh+HbudydUaZbIBzNNaSDwULKYEWysFLhun9twhAcN1x1Ua17dWwCtE78gNSjQGlS/+lFCMkGlIRxr3fO91AQ5VoYRTmeVfqZpiskYD2nPUokF1UG+OHqGLqwSoThR9kmDFurviRwLracitEmBzUivenPxP6+XmfgmyJlMM0MlWS6KM45MguYNoIgpSgyfWoKJYvZWREZYYWJsTxVbgr/65XXSadR9r+7fN2rNq6KOMpzBOVyCD9fQhDtoQRsIPMEzvMKbM3FenHfnYxktOcXMKfyB8/kD2/GQyw==</latexit>

R > 0
<latexit sha1_base64="pDLgG2Ko5aj5x6aVlqFmZySnwZ4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxVbwVJKC6EkKXjxWsR/QhrLZbtqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dtbWNza3tgs7xd29/YPD0tFxy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrtSuVhxu3UumXym7VnYOsEi8nZcjR6Je+eoOYpRFXyCQ1puu5CfoZ1SiY5NNiLzU8oWxMh7xrqaIRN342P3dKzq0yIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrPfyUBozlBOLKFMC3srYSOqKUObUNGG4C2/vEpatarnVr37Wrl+mcdRgFM4gwvw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9Y1J585gT9wPn8ACsWOAQ==</latexit><latexit sha1_base64="pDLgG2Ko5aj5x6aVlqFmZySnwZ4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxVbwVJKC6EkKXjxWsR/QhrLZbtqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dtbWNza3tgs7xd29/YPD0tFxy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrtSuVhxu3UumXym7VnYOsEi8nZcjR6Je+eoOYpRFXyCQ1puu5CfoZ1SiY5NNiLzU8oWxMh7xrqaIRN342P3dKzq0yIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrPfyUBozlBOLKFMC3srYSOqKUObUNGG4C2/vEpatarnVr37Wrl+mcdRgFM4gwvw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9Y1J585gT9wPn8ACsWOAQ==</latexit><latexit sha1_base64="pDLgG2Ko5aj5x6aVlqFmZySnwZ4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxVbwVJKC6EkKXjxWsR/QhrLZbtqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dtbWNza3tgs7xd29/YPD0tFxy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrtSuVhxu3UumXym7VnYOsEi8nZcjR6Je+eoOYpRFXyCQ1puu5CfoZ1SiY5NNiLzU8oWxMh7xrqaIRN342P3dKzq0yIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrPfyUBozlBOLKFMC3srYSOqKUObUNGG4C2/vEpatarnVr37Wrl+mcdRgFM4gwvw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9Y1J585gT9wPn8ACsWOAQ==</latexit><latexit sha1_base64="pDLgG2Ko5aj5x6aVlqFmZySnwZ4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxVbwVJKC6EkKXjxWsR/QhrLZbtqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dtbWNza3tgs7xd29/YPD0tFxy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrtSuVhxu3UumXym7VnYOsEi8nZcjR6Je+eoOYpRFXyCQ1puu5CfoZ1SiY5NNiLzU8oWxMh7xrqaIRN342P3dKzq0yIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrPfyUBozlBOLKFMC3srYSOqKUObUNGG4C2/vEpatarnVr37Wrl+mcdRgFM4gwvw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9Y1J585gT9wPn8ACsWOAQ==</latexit>

R < 0
<latexit sha1_base64="EgJvNOTMt/fCy3IDgBwu11ZETHs=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYiJYhbuAaGERsLGMYj4gOcLeZi9Zsrd37M4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopXal8nDjVir9UtmtunOQVeLlpAw5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LVU04sbP5udOyblVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OxkIzRnKiSWUaWFvJWxENWVoEyraELzll1dJq1b13Kp3XyvXL/M4CnAKZ3ABHlxBHe6gAU1gMIZneIU3J3FenHfnY9G65uQzJ/AHzucPB7eN/w==</latexit><latexit sha1_base64="EgJvNOTMt/fCy3IDgBwu11ZETHs=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYiJYhbuAaGERsLGMYj4gOcLeZi9Zsrd37M4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopXal8nDjVir9UtmtunOQVeLlpAw5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LVU04sbP5udOyblVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OxkIzRnKiSWUaWFvJWxENWVoEyraELzll1dJq1b13Kp3XyvXL/M4CnAKZ3ABHlxBHe6gAU1gMIZneIU3J3FenHfnY9G65uQzJ/AHzucPB7eN/w==</latexit><latexit sha1_base64="EgJvNOTMt/fCy3IDgBwu11ZETHs=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYiJYhbuAaGERsLGMYj4gOcLeZi9Zsrd37M4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopXal8nDjVir9UtmtunOQVeLlpAw5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LVU04sbP5udOyblVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OxkIzRnKiSWUaWFvJWxENWVoEyraELzll1dJq1b13Kp3XyvXL/M4CnAKZ3ABHlxBHe6gAU1gMIZneIU3J3FenHfnY9G65uQzJ/AHzucPB7eN/w==</latexit><latexit sha1_base64="EgJvNOTMt/fCy3IDgBwu11ZETHs=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYiJYhbuAaGERsLGMYj4gOcLeZi9Zsrd37M4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopXal8nDjVir9UtmtunOQVeLlpAw5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LVU04sbP5udOyblVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OxkIzRnKiSWUaWFvJWxENWVoEyraELzll1dJq1b13Kp3XyvXL/M4CnAKZ3ABHlxBHe6gAU1gMIZneIU3J3FenHfnY9G65uQzJ/AHzucPB7eN/w==</latexit>

|R|
<latexit sha1_base64="gybOCb69P905hNKJ2f011iohFv0=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHosePFYxX5Au5Rsmm1Dk+ySZIWy7Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzwoQzbTzv2ylsbG5t7xR3S3v7B4dH5eOTlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Hbut5+o0iyWj2aS0EDgoWQRI9hYqe2604ep6/bLFa/qLYDWiZ+TCuRo9MtfvUFMUkGlIRxr3fW9xAQZVoYRTmelXqppgskYD2nXUokF1UG2OHeGLqwyQFGsbEmDFurviQwLrScitJ0Cm5Fe9ebif143NdFNkDGZpIZKslwUpRyZGM1/RwOmKDF8YgkmitlbERlhhYmxCZVsCP7qy+ukVav6XtW/r1XqV3kcRTiDc7gEH66hDnfQgCYQGMMzvMKbkzgvzrvzsWwtOPnMKfyB8/kD3WmOiw==</latexit><latexit sha1_base64="gybOCb69P905hNKJ2f011iohFv0=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHosePFYxX5Au5Rsmm1Dk+ySZIWy7Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzwoQzbTzv2ylsbG5t7xR3S3v7B4dH5eOTlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Hbut5+o0iyWj2aS0EDgoWQRI9hYqe2604ep6/bLFa/qLYDWiZ+TCuRo9MtfvUFMUkGlIRxr3fW9xAQZVoYRTmelXqppgskYD2nXUokF1UG2OHeGLqwyQFGsbEmDFurviQwLrScitJ0Cm5Fe9ebif143NdFNkDGZpIZKslwUpRyZGM1/RwOmKDF8YgkmitlbERlhhYmxCZVsCP7qy+ukVav6XtW/r1XqV3kcRTiDc7gEH66hDnfQgCYQGMMzvMKbkzgvzrvzsWwtOPnMKfyB8/kD3WmOiw==</latexit><latexit sha1_base64="gybOCb69P905hNKJ2f011iohFv0=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHosePFYxX5Au5Rsmm1Dk+ySZIWy7Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzwoQzbTzv2ylsbG5t7xR3S3v7B4dH5eOTlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Hbut5+o0iyWj2aS0EDgoWQRI9hYqe2604ep6/bLFa/qLYDWiZ+TCuRo9MtfvUFMUkGlIRxr3fW9xAQZVoYRTmelXqppgskYD2nXUokF1UG2OHeGLqwyQFGsbEmDFurviQwLrScitJ0Cm5Fe9ebif143NdFNkDGZpIZKslwUpRyZGM1/RwOmKDF8YgkmitlbERlhhYmxCZVsCP7qy+ukVav6XtW/r1XqV3kcRTiDc7gEH66hDnfQgCYQGMMzvMKbkzgvzrvzsWwtOPnMKfyB8/kD3WmOiw==</latexit><latexit sha1_base64="gybOCb69P905hNKJ2f011iohFv0=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHosePFYxX5Au5Rsmm1Dk+ySZIWy7Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzwoQzbTzv2ylsbG5t7xR3S3v7B4dH5eOTlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Hbut5+o0iyWj2aS0EDgoWQRI9hYqe2604ep6/bLFa/qLYDWiZ+TCuRo9MtfvUFMUkGlIRxr3fW9xAQZVoYRTmelXqppgskYD2nXUokF1UG2OHeGLqwyQFGsbEmDFurviQwLrScitJ0Cm5Fe9ebif143NdFNkDGZpIZKslwUpRyZGM1/RwOmKDF8YgkmitlbERlhhYmxCZVsCP7qy+ukVav6XtW/r1XqV3kcRTiDc7gEH66hDnfQgCYQGMMzvMKbkzgvzrvzsWwtOPnMKfyB8/kD3WmOiw==</latexit>

R < 0
<latexit sha1_base64="EgJvNOTMt/fCy3IDgBwu11ZETHs=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYiJYhbuAaGERsLGMYj4gOcLeZi9Zsrd37M4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopXal8nDjVir9UtmtunOQVeLlpAw5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LVU04sbP5udOyblVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OxkIzRnKiSWUaWFvJWxENWVoEyraELzll1dJq1b13Kp3XyvXL/M4CnAKZ3ABHlxBHe6gAU1gMIZneIU3J3FenHfnY9G65uQzJ/AHzucPB7eN/w==</latexit><latexit sha1_base64="EgJvNOTMt/fCy3IDgBwu11ZETHs=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYiJYhbuAaGERsLGMYj4gOcLeZi9Zsrd37M4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopXal8nDjVir9UtmtunOQVeLlpAw5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LVU04sbP5udOyblVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OxkIzRnKiSWUaWFvJWxENWVoEyraELzll1dJq1b13Kp3XyvXL/M4CnAKZ3ABHlxBHe6gAU1gMIZneIU3J3FenHfnY9G65uQzJ/AHzucPB7eN/w==</latexit><latexit sha1_base64="EgJvNOTMt/fCy3IDgBwu11ZETHs=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYiJYhbuAaGERsLGMYj4gOcLeZi9Zsrd37M4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopXal8nDjVir9UtmtunOQVeLlpAw5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LVU04sbP5udOyblVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OxkIzRnKiSWUaWFvJWxENWVoEyraELzll1dJq1b13Kp3XyvXL/M4CnAKZ3ABHlxBHe6gAU1gMIZneIU3J3FenHfnY9G65uQzJ/AHzucPB7eN/w==</latexit><latexit sha1_base64="EgJvNOTMt/fCy3IDgBwu11ZETHs=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYiJYhbuAaGERsLGMYj4gOcLeZi9Zsrd37M4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopXal8nDjVir9UtmtunOQVeLlpAw5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LVU04sbP5udOyblVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OxkIzRnKiSWUaWFvJWxENWVoEyraELzll1dJq1b13Kp3XyvXL/M4CnAKZ3ABHlxBHe6gAU1gMIZneIU3J3FenHfnY9G65uQzJ/AHzucPB7eN/w==</latexit>

chico

|R|
<latexit sha1_base64="gybOCb69P905hNKJ2f011iohFv0=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHosePFYxX5Au5Rsmm1Dk+ySZIWy7Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzwoQzbTzv2ylsbG5t7xR3S3v7B4dH5eOTlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Hbut5+o0iyWj2aS0EDgoWQRI9hYqe2604ep6/bLFa/qLYDWiZ+TCuRo9MtfvUFMUkGlIRxr3fW9xAQZVoYRTmelXqppgskYD2nXUokF1UG2OHeGLqwyQFGsbEmDFurviQwLrScitJ0Cm5Fe9ebif143NdFNkDGZpIZKslwUpRyZGM1/RwOmKDF8YgkmitlbERlhhYmxCZVsCP7qy+ukVav6XtW/r1XqV3kcRTiDc7gEH66hDnfQgCYQGMMzvMKbkzgvzrvzsWwtOPnMKfyB8/kD3WmOiw==</latexit><latexit sha1_base64="gybOCb69P905hNKJ2f011iohFv0=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHosePFYxX5Au5Rsmm1Dk+ySZIWy7Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzwoQzbTzv2ylsbG5t7xR3S3v7B4dH5eOTlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Hbut5+o0iyWj2aS0EDgoWQRI9hYqe2604ep6/bLFa/qLYDWiZ+TCuRo9MtfvUFMUkGlIRxr3fW9xAQZVoYRTmelXqppgskYD2nXUokF1UG2OHeGLqwyQFGsbEmDFurviQwLrScitJ0Cm5Fe9ebif143NdFNkDGZpIZKslwUpRyZGM1/RwOmKDF8YgkmitlbERlhhYmxCZVsCP7qy+ukVav6XtW/r1XqV3kcRTiDc7gEH66hDnfQgCYQGMMzvMKbkzgvzrvzsWwtOPnMKfyB8/kD3WmOiw==</latexit><latexit sha1_base64="gybOCb69P905hNKJ2f011iohFv0=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHosePFYxX5Au5Rsmm1Dk+ySZIWy7Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzwoQzbTzv2ylsbG5t7xR3S3v7B4dH5eOTlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Hbut5+o0iyWj2aS0EDgoWQRI9hYqe2604ep6/bLFa/qLYDWiZ+TCuRo9MtfvUFMUkGlIRxr3fW9xAQZVoYRTmelXqppgskYD2nXUokF1UG2OHeGLqwyQFGsbEmDFurviQwLrScitJ0Cm5Fe9ebif143NdFNkDGZpIZKslwUpRyZGM1/RwOmKDF8YgkmitlbERlhhYmxCZVsCP7qy+ukVav6XtW/r1XqV3kcRTiDc7gEH66hDnfQgCYQGMMzvMKbkzgvzrvzsWwtOPnMKfyB8/kD3WmOiw==</latexit><latexit sha1_base64="gybOCb69P905hNKJ2f011iohFv0=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHosePFYxX5Au5Rsmm1Dk+ySZIWy7Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzwoQzbTzv2ylsbG5t7xR3S3v7B4dH5eOTlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Hbut5+o0iyWj2aS0EDgoWQRI9hYqe2604ep6/bLFa/qLYDWiZ+TCuRo9MtfvUFMUkGlIRxr3fW9xAQZVoYRTmelXqppgskYD2nXUokF1UG2OHeGLqwyQFGsbEmDFurviQwLrScitJ0Cm5Fe9ebif143NdFNkDGZpIZKslwUpRyZGM1/RwOmKDF8YgkmitlbERlhhYmxCZVsCP7qy+ukVav6XtW/r1XqV3kcRTiDc7gEH66hDnfQgCYQGMMzvMKbkzgvzrvzsWwtOPnMKfyB8/kD3WmOiw==</latexit>

grande



Detector de esquinas de Harris
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x
<latexit sha1_base64="vLbCDAaCrBQzBtWAxtunoPRz7nM=">AAAB8HicbVBNSwMxEJ31s9avqkcvwa7gqewWRI8FL3qrYD+kXUs2zbahSXZJsmJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8MOFMG8/7dlZW19Y3Ngtbxe2d3b390sFhU8epIrRBYh6rdog15UzShmGG03aiKBYhp61wdDX1W49UaRbLOzNOaCDwQLKIEWysdO+6N72nh6rr9kplr+LNgJaJn5My5Kj3Sl/dfkxSQaUhHGvd8b3EBBlWhhFOJ8VuqmmCyQgPaMdSiQXVQTY7eIJOrdJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10WWQMZmkhkoyXxSlHJkYTb9HfaYoMXxsCSaK2VsRGWKFibEZFW0I/uLLy6RZrfhexb+tlmvneRwFOIYTOAMfLqAG11CHBhAQ8Ayv8OYo58V5dz7mrStOPnMEf+B8/gDFk48F</latexit><latexit sha1_base64="vLbCDAaCrBQzBtWAxtunoPRz7nM=">AAAB8HicbVBNSwMxEJ31s9avqkcvwa7gqewWRI8FL3qrYD+kXUs2zbahSXZJsmJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8MOFMG8/7dlZW19Y3Ngtbxe2d3b390sFhU8epIrRBYh6rdog15UzShmGG03aiKBYhp61wdDX1W49UaRbLOzNOaCDwQLKIEWysdO+6N72nh6rr9kplr+LNgJaJn5My5Kj3Sl/dfkxSQaUhHGvd8b3EBBlWhhFOJ8VuqmmCyQgPaMdSiQXVQTY7eIJOrdJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10WWQMZmkhkoyXxSlHJkYTb9HfaYoMXxsCSaK2VsRGWKFibEZFW0I/uLLy6RZrfhexb+tlmvneRwFOIYTOAMfLqAG11CHBhAQ8Ayv8OYo58V5dz7mrStOPnMEf+B8/gDFk48F</latexit><latexit sha1_base64="vLbCDAaCrBQzBtWAxtunoPRz7nM=">AAAB8HicbVBNSwMxEJ31s9avqkcvwa7gqewWRI8FL3qrYD+kXUs2zbahSXZJsmJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8MOFMG8/7dlZW19Y3Ngtbxe2d3b390sFhU8epIrRBYh6rdog15UzShmGG03aiKBYhp61wdDX1W49UaRbLOzNOaCDwQLKIEWysdO+6N72nh6rr9kplr+LNgJaJn5My5Kj3Sl/dfkxSQaUhHGvd8b3EBBlWhhFOJ8VuqmmCyQgPaMdSiQXVQTY7eIJOrdJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10WWQMZmkhkoyXxSlHJkYTb9HfaYoMXxsCSaK2VsRGWKFibEZFW0I/uLLy6RZrfhexb+tlmvneRwFOIYTOAMfLqAG11CHBhAQ8Ayv8OYo58V5dz7mrStOPnMEf+B8/gDFk48F</latexit><latexit sha1_base64="vLbCDAaCrBQzBtWAxtunoPRz7nM=">AAAB8HicbVBNSwMxEJ31s9avqkcvwa7gqewWRI8FL3qrYD+kXUs2zbahSXZJsmJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8MOFMG8/7dlZW19Y3Ngtbxe2d3b390sFhU8epIrRBYh6rdog15UzShmGG03aiKBYhp61wdDX1W49UaRbLOzNOaCDwQLKIEWysdO+6N72nh6rr9kplr+LNgJaJn5My5Kj3Sl/dfkxSQaUhHGvd8b3EBBlWhhFOJ8VuqmmCyQgPaMdSiQXVQTY7eIJOrdJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10WWQMZmkhkoyXxSlHJkYTb9HfaYoMXxsCSaK2VsRGWKFibEZFW0I/uLLy6RZrfhexb+tlmvneRwFOIYTOAMfLqAG11CHBhAQ8Ayv8OYo58V5dz7mrStOPnMEf+B8/gDFk48F</latexit>

I
2

y
<latexit sha1_base64="GQyi9DXtu2eTSl/sMFcPw6/qXs8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoseNFbBfsh7VqyabYNTbJLkhWW0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9RpVks702W0EDgoWQRI9hY6cF1b/vZY811++WKV/XmQKvEz0kFcjT65a/eICapoNIQjrXu+l5igglWhhFOp6VeqmmCyRgPaddSiQXVwWR+8BSdWWWAoljZkgbN1d8TEyy0zkRoOwU2I73szcT/vG5qoqtgwmSSGirJYlGUcmRiNPseDZiixPDMEkwUs7ciMsIKE2MzKtkQ/OWXV0mrVvW9qn9Xq9Qv8jiKcAKncA4+XEIdbqABTSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gDHG48G</latexit><latexit sha1_base64="GQyi9DXtu2eTSl/sMFcPw6/qXs8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoseNFbBfsh7VqyabYNTbJLkhWW0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9RpVks702W0EDgoWQRI9hY6cF1b/vZY811++WKV/XmQKvEz0kFcjT65a/eICapoNIQjrXu+l5igglWhhFOp6VeqmmCyRgPaddSiQXVwWR+8BSdWWWAoljZkgbN1d8TEyy0zkRoOwU2I73szcT/vG5qoqtgwmSSGirJYlGUcmRiNPseDZiixPDMEkwUs7ciMsIKE2MzKtkQ/OWXV0mrVvW9qn9Xq9Qv8jiKcAKncA4+XEIdbqABTSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gDHG48G</latexit><latexit sha1_base64="GQyi9DXtu2eTSl/sMFcPw6/qXs8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoseNFbBfsh7VqyabYNTbJLkhWW0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9RpVks702W0EDgoWQRI9hY6cF1b/vZY811++WKV/XmQKvEz0kFcjT65a/eICapoNIQjrXu+l5igglWhhFOp6VeqmmCyRgPaddSiQXVwWR+8BSdWWWAoljZkgbN1d8TEyy0zkRoOwU2I73szcT/vG5qoqtgwmSSGirJYlGUcmRiNPseDZiixPDMEkwUs7ciMsIKE2MzKtkQ/OWXV0mrVvW9qn9Xq9Qv8jiKcAKncA4+XEIdbqABTSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gDHG48G</latexit><latexit sha1_base64="GQyi9DXtu2eTSl/sMFcPw6/qXs8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoseNFbBfsh7VqyabYNTbJLkhWW0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9RpVks702W0EDgoWQRI9hY6cF1b/vZY811++WKV/XmQKvEz0kFcjT65a/eICapoNIQjrXu+l5igglWhhFOp6VeqmmCyRgPaddSiQXVwWR+8BSdWWWAoljZkgbN1d8TEyy0zkRoOwU2I73szcT/vG5qoqtgwmSSGirJYlGUcmRiNPseDZiixPDMEkwUs7ciMsIKE2MzKtkQ/OWXV0mrVvW9qn9Xq9Qv8jiKcAKncA4+XEIdbqABTSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gDHG48G</latexit>

R
<latexit sha1_base64="Mb0vyJWTU9Yps9a+XEUv+hpOvWw=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKuINoZsNAyEXOBZAmzk7PJmNnZZWZWCCFPYGOhiK2PYeUz2Fn6Jk4uhSb+MPDx/+cw55wgEVwb1/1yMkvLK6tr2fXcxubW9k5+d6+m41QxrLJYxKoRUI2CS6wabgQ2EoU0CgTWg/7lOK/fo9I8lrdmkKAf0a7kIWfUWKty084X3KI7EVkEbwaFi/fvqw8AKLfzn61OzNIIpWGCat303MT4Q6oMZwJHuVaqMaGsT7vYtChphNofTgYdkSPrdEgYK/ukIRP3d8eQRloPosBWRtT09Hw2Nv/LmqkJz/0hl0lqULLpR2EqiInJeGvS4QqZEQMLlCluZyWsRxVlxt4mZ4/gza+8CLWToucWvYpbKJ3CVFk4gEM4Bg/OoATXUIYqMEB4gCd4du6cR+fFeZ2WZpxZzz78kfP2A4s/j6Y=</latexit><latexit sha1_base64="/Sr2FDcHJIODhtG9bXnjZKPxBXI=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8EgeAozgujNgAc9JmIWSIbQ06lJ2vT0DN09QhzyBF48KOLVB/ABfAxvHvMmdpaDRn9o+Pj/Krqq/JgzpR3ny8osLC4tr2RXc2vrG5tb+e2dmooSSbFKIx7Jhk8Uciawqpnm2IglktDnWPf7F+O8fodSsUjc6EGMXki6ggWMEm2synU7X3CKzkT2X3BnUDj/GF2+792Pyu38Z6sT0SREoSknSjVdJ9ZeSqRmlOMw10oUxoT2SRebBgUJUXnpZNChfWicjh1E0jyh7Yn7syMloVKD0DeVIdE9NZ+Nzf+yZqKDMy9lIk40Cjr9KEi4rSN7vLXdYRKp5gMDhEpmZrVpj0hCtblNzhzBnV/5L9SOi65TdCtOoXQCU2VhHw7gCFw4hRJcQRmqQAHhAZ7g2bq1Hq0X63VamrFmPbvwS9bbN1yqkQM=</latexit><latexit sha1_base64="/Sr2FDcHJIODhtG9bXnjZKPxBXI=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8EgeAozgujNgAc9JmIWSIbQ06lJ2vT0DN09QhzyBF48KOLVB/ABfAxvHvMmdpaDRn9o+Pj/Krqq/JgzpR3ny8osLC4tr2RXc2vrG5tb+e2dmooSSbFKIx7Jhk8Uciawqpnm2IglktDnWPf7F+O8fodSsUjc6EGMXki6ggWMEm2synU7X3CKzkT2X3BnUDj/GF2+792Pyu38Z6sT0SREoSknSjVdJ9ZeSqRmlOMw10oUxoT2SRebBgUJUXnpZNChfWicjh1E0jyh7Yn7syMloVKD0DeVIdE9NZ+Nzf+yZqKDMy9lIk40Cjr9KEi4rSN7vLXdYRKp5gMDhEpmZrVpj0hCtblNzhzBnV/5L9SOi65TdCtOoXQCU2VhHw7gCFw4hRJcQRmqQAHhAZ7g2bq1Hq0X63VamrFmPbvwS9bbN1yqkQM=</latexit><latexit sha1_base64="xcrtRZOHo6XwOrqX04T+S4Va10c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0kEqceCF4+t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipeT8oV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXdCv16zyOIpzBOVyCBzWowx00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Ap3iMxQ==</latexit>

Ixy
<latexit sha1_base64="8v0Our8SpLXKBH70pcRg0fsKEJs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LDaCp5IURI8FL3qrYD+wDWWz3bRLN5uwuxFD6L/w4kERr/4bb/4bt2kO2vpg4PHeDDPz/JgzpR3n2yqtrW9sbpW3Kzu7e/sH1cOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96fXc7z5SqVgk7nUaUy/EY8ECRrA20oNt3w6zp3Rm28Nqzak7OdAqcQtSgwKtYfVrMIpIElKhCcdK9V0n1l6GpWaE01llkCgaYzLFY9o3VOCQKi/LL56hM6OMUBBJU0KjXP09keFQqTT0TWeI9UQte3PxP6+f6ODKy5iIE00FWSwKEo50hObvoxGTlGieGoKJZOZWRCZYYqJNSBUTgrv88irpNOquU3fvGrXmRRFHGU7gFM7BhUtowg20oA0EBDzDK7xZynqx3q2PRWvJKmaO4Q+szx9D54/w</latexit><latexit sha1_base64="8v0Our8SpLXKBH70pcRg0fsKEJs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LDaCp5IURI8FL3qrYD+wDWWz3bRLN5uwuxFD6L/w4kERr/4bb/4bt2kO2vpg4PHeDDPz/JgzpR3n2yqtrW9sbpW3Kzu7e/sH1cOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96fXc7z5SqVgk7nUaUy/EY8ECRrA20oNt3w6zp3Rm28Nqzak7OdAqcQtSgwKtYfVrMIpIElKhCcdK9V0n1l6GpWaE01llkCgaYzLFY9o3VOCQKi/LL56hM6OMUBBJU0KjXP09keFQqTT0TWeI9UQte3PxP6+f6ODKy5iIE00FWSwKEo50hObvoxGTlGieGoKJZOZWRCZYYqJNSBUTgrv88irpNOquU3fvGrXmRRFHGU7gFM7BhUtowg20oA0EBDzDK7xZynqx3q2PRWvJKmaO4Q+szx9D54/w</latexit><latexit sha1_base64="8v0Our8SpLXKBH70pcRg0fsKEJs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LDaCp5IURI8FL3qrYD+wDWWz3bRLN5uwuxFD6L/w4kERr/4bb/4bt2kO2vpg4PHeDDPz/JgzpR3n2yqtrW9sbpW3Kzu7e/sH1cOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96fXc7z5SqVgk7nUaUy/EY8ECRrA20oNt3w6zp3Rm28Nqzak7OdAqcQtSgwKtYfVrMIpIElKhCcdK9V0n1l6GpWaE01llkCgaYzLFY9o3VOCQKi/LL56hM6OMUBBJU0KjXP09keFQqTT0TWeI9UQte3PxP6+f6ODKy5iIE00FWSwKEo50hObvoxGTlGieGoKJZOZWRCZYYqJNSBUTgrv88irpNOquU3fvGrXmRRFHGU7gFM7BhUtowg20oA0EBDzDK7xZynqx3q2PRWvJKmaO4Q+szx9D54/w</latexit><latexit sha1_base64="8v0Our8SpLXKBH70pcRg0fsKEJs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LDaCp5IURI8FL3qrYD+wDWWz3bRLN5uwuxFD6L/w4kERr/4bb/4bt2kO2vpg4PHeDDPz/JgzpR3n2yqtrW9sbpW3Kzu7e/sH1cOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96fXc7z5SqVgk7nUaUy/EY8ECRrA20oNt3w6zp3Rm28Nqzak7OdAqcQtSgwKtYfVrMIpIElKhCcdK9V0n1l6GpWaE01llkCgaYzLFY9o3VOCQKi/LL56hM6OMUBBJU0KjXP09keFQqTT0TWeI9UQte3PxP6+f6ODKy5iIE00FWSwKEo50hObvoxGTlGieGoKJZOZWRCZYYqJNSBUTgrv88irpNOquU3fvGrXmRRFHGU7gFM7BhUtowg20oA0EBDzDK7xZynqx3q2PRWvJKmaO4Q+szx9D54/w</latexit>



Detector de esquinas de Harris

• Algoritmo de Harris-Stephens 

1. Calcular las derivadas horizontales y verticales de la imagen. 

2. Calcular los tres términos de la matriz A (simétrica). 

3. Convolucionar estas imágenes con una Gaussiana de mayor varianza. 

4. Calcular la respuesta escalar R en cada pixel. 

5. Buscar máximos locales superiores a un umbral y reportarlos.



Detector de esquinas de Harris

• Detalles de implementación a tener en cuenta: 

• Filtrado de las imágenes para tomar las derivadas. 

• Las derivadas se pueden calcular con Sobel. 

• k = 0.04 es sugerido en el artículo.  

• Se buscan máximos locales o se umbraliza la respuesta. 

• Se puede evaluar también el valor relativo entre puntos. 

• Se eliminan los candidatos que cercanos (dmin) a un candidato más fuerte.
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<latexit sha1_base64="xIk36/TCkT0EEmc2OhSnO3QY1HM=">AAACMHicbVBLS8NAEN7UV42vqkcvi63ipSUpiB4LHvRYwT6gKWWznbZLN5uwuxFL6E/y4k/Ri4IiXv0Vbtvgo3Vg4Jvvm2FmPj/iTGnHebEyS8srq2vZdXtjc2t7J7e7V1dhLCnUaMhD2fSJAs4E1DTTHJqRBBL4HBr+8GKiN25BKhaKGz2KoB2QvmA9Rok2VCd3WSh4PvSZSPyAaMnuxnbRxcfYMel6no2L5bQqm+pHsj0Q3e+ZQqGTyzslZxp4EbgpyKM0qp3co9cNaRyA0JQTpVquE+l2QqRmlMPY9mIFEaFD0oeWgYIEoNrJ9OExPjJMF/dCaVJoPGV/TyQkUGoU+KbTXDhQ89qE/E9rxbp33k6YiGINgs4W9WKOdYgn7uEuk0A1HxlAqGTmVkwHRBKqjce2McGdf3kR1Msl1ym51+V85TS1I4sO0CE6QS46QxV0haqohii6R0/oFb1ZD9az9W59zFozVjqzj/6E9fkF00OiHw==</latexit><latexit sha1_base64="xIk36/TCkT0EEmc2OhSnO3QY1HM=">AAACMHicbVBLS8NAEN7UV42vqkcvi63ipSUpiB4LHvRYwT6gKWWznbZLN5uwuxFL6E/y4k/Ri4IiXv0Vbtvgo3Vg4Jvvm2FmPj/iTGnHebEyS8srq2vZdXtjc2t7J7e7V1dhLCnUaMhD2fSJAs4E1DTTHJqRBBL4HBr+8GKiN25BKhaKGz2KoB2QvmA9Rok2VCd3WSh4PvSZSPyAaMnuxnbRxcfYMel6no2L5bQqm+pHsj0Q3e+ZQqGTyzslZxp4EbgpyKM0qp3co9cNaRyA0JQTpVquE+l2QqRmlMPY9mIFEaFD0oeWgYIEoNrJ9OExPjJMF/dCaVJoPGV/TyQkUGoU+KbTXDhQ89qE/E9rxbp33k6YiGINgs4W9WKOdYgn7uEuk0A1HxlAqGTmVkwHRBKqjce2McGdf3kR1Msl1ym51+V85TS1I4sO0CE6QS46QxV0haqohii6R0/oFb1ZD9az9W59zFozVjqzj/6E9fkF00OiHw==</latexit><latexit sha1_base64="xIk36/TCkT0EEmc2OhSnO3QY1HM=">AAACMHicbVBLS8NAEN7UV42vqkcvi63ipSUpiB4LHvRYwT6gKWWznbZLN5uwuxFL6E/y4k/Ri4IiXv0Vbtvgo3Vg4Jvvm2FmPj/iTGnHebEyS8srq2vZdXtjc2t7J7e7V1dhLCnUaMhD2fSJAs4E1DTTHJqRBBL4HBr+8GKiN25BKhaKGz2KoB2QvmA9Rok2VCd3WSh4PvSZSPyAaMnuxnbRxcfYMel6no2L5bQqm+pHsj0Q3e+ZQqGTyzslZxp4EbgpyKM0qp3co9cNaRyA0JQTpVquE+l2QqRmlMPY9mIFEaFD0oeWgYIEoNrJ9OExPjJMF/dCaVJoPGV/TyQkUGoU+KbTXDhQ89qE/E9rxbp33k6YiGINgs4W9WKOdYgn7uEuk0A1HxlAqGTmVkwHRBKqjce2McGdf3kR1Msl1ym51+V85TS1I4sO0CE6QS46QxV0haqohii6R0/oFb1ZD9az9W59zFozVjqzj/6E9fkF00OiHw==</latexit><latexit sha1_base64="xIk36/TCkT0EEmc2OhSnO3QY1HM=">AAACMHicbVBLS8NAEN7UV42vqkcvi63ipSUpiB4LHvRYwT6gKWWznbZLN5uwuxFL6E/y4k/Ri4IiXv0Vbtvgo3Vg4Jvvm2FmPj/iTGnHebEyS8srq2vZdXtjc2t7J7e7V1dhLCnUaMhD2fSJAs4E1DTTHJqRBBL4HBr+8GKiN25BKhaKGz2KoB2QvmA9Rok2VCd3WSh4PvSZSPyAaMnuxnbRxcfYMel6no2L5bQqm+pHsj0Q3e+ZQqGTyzslZxp4EbgpyKM0qp3co9cNaRyA0JQTpVquE+l2QqRmlMPY9mIFEaFD0oeWgYIEoNrJ9OExPjJMF/dCaVJoPGV/TyQkUGoU+KbTXDhQ89qE/E9rxbp33k6YiGINgs4W9WKOdYgn7uEuk0A1HxlAqGTmVkwHRBKqjce2McGdf3kR1Msl1ym51+V85TS1I4sO0CE6QS46QxV0haqohii6R0/oFb1ZD9az9W59zFozVjqzj/6E9fkF00OiHw==</latexit>





−1 −2 −1

0 0 0

1 2 1





<latexit sha1_base64="qa5ZrN+iHhEsTKXk6xr1DaWHhlY=">AAACK3icbVDJTsMwEHXYCVuBIxeLBsSFKq6E4IjgwrFIdJGaqHLcabFwnMh2EFXU/+HCr3CAA4u48h84bYWAMpbHT+/NyDMvSgXXxvffnJnZufmFxaVld2V1bX2jtLnV0EmmGNRZIhLViqgGwSXUDTcCWqkCGkcCmtHNeaE3b0FpnsgrM0ghjGlf8h5n1FiqUzrzvCCCPpd5FFOj+N3QPSR4Hx9Wi0SCwPX37bFvwRYkcQOQ3e9yz+uUyn7FHwWeBmQCymgStU7pKegmLItBGiao1m3ipybMqTKcCRi6QaYhpeyG9qFtoaQx6DAf7TrEe5bp4l6i7JUGj9ifHTmNtR7Eka20E17rv1pB/qe1M9M7CXMu08yAZOOPepnAJsGFcbjLFTAjBhZQpridFbNrqigz1l7XmkD+rjwNGtUK8Svkslo+PZrYsYR20C46QAQdo1N0gWqojhi6R4/oBb06D86z8+58jEtnnEnPNvoVzucX3+GhTQ==</latexit><latexit sha1_base64="qa5ZrN+iHhEsTKXk6xr1DaWHhlY=">AAACK3icbVDJTsMwEHXYCVuBIxeLBsSFKq6E4IjgwrFIdJGaqHLcabFwnMh2EFXU/+HCr3CAA4u48h84bYWAMpbHT+/NyDMvSgXXxvffnJnZufmFxaVld2V1bX2jtLnV0EmmGNRZIhLViqgGwSXUDTcCWqkCGkcCmtHNeaE3b0FpnsgrM0ghjGlf8h5n1FiqUzrzvCCCPpd5FFOj+N3QPSR4Hx9Wi0SCwPX37bFvwRYkcQOQ3e9yz+uUyn7FHwWeBmQCymgStU7pKegmLItBGiao1m3ipybMqTKcCRi6QaYhpeyG9qFtoaQx6DAf7TrEe5bp4l6i7JUGj9ifHTmNtR7Eka20E17rv1pB/qe1M9M7CXMu08yAZOOPepnAJsGFcbjLFTAjBhZQpridFbNrqigz1l7XmkD+rjwNGtUK8Svkslo+PZrYsYR20C46QAQdo1N0gWqojhi6R4/oBb06D86z8+58jEtnnEnPNvoVzucX3+GhTQ==</latexit><latexit sha1_base64="qa5ZrN+iHhEsTKXk6xr1DaWHhlY=">AAACK3icbVDJTsMwEHXYCVuBIxeLBsSFKq6E4IjgwrFIdJGaqHLcabFwnMh2EFXU/+HCr3CAA4u48h84bYWAMpbHT+/NyDMvSgXXxvffnJnZufmFxaVld2V1bX2jtLnV0EmmGNRZIhLViqgGwSXUDTcCWqkCGkcCmtHNeaE3b0FpnsgrM0ghjGlf8h5n1FiqUzrzvCCCPpd5FFOj+N3QPSR4Hx9Wi0SCwPX37bFvwRYkcQOQ3e9yz+uUyn7FHwWeBmQCymgStU7pKegmLItBGiao1m3ipybMqTKcCRi6QaYhpeyG9qFtoaQx6DAf7TrEe5bp4l6i7JUGj9ifHTmNtR7Eka20E17rv1pB/qe1M9M7CXMu08yAZOOPepnAJsGFcbjLFTAjBhZQpridFbNrqigz1l7XmkD+rjwNGtUK8Svkslo+PZrYsYR20C46QAQdo1N0gWqojhi6R4/oBb06D86z8+58jEtnnEnPNvoVzucX3+GhTQ==</latexit><latexit sha1_base64="qa5ZrN+iHhEsTKXk6xr1DaWHhlY=">AAACK3icbVDJTsMwEHXYCVuBIxeLBsSFKq6E4IjgwrFIdJGaqHLcabFwnMh2EFXU/+HCr3CAA4u48h84bYWAMpbHT+/NyDMvSgXXxvffnJnZufmFxaVld2V1bX2jtLnV0EmmGNRZIhLViqgGwSXUDTcCWqkCGkcCmtHNeaE3b0FpnsgrM0ghjGlf8h5n1FiqUzrzvCCCPpd5FFOj+N3QPSR4Hx9Wi0SCwPX37bFvwRYkcQOQ3e9yz+uUyn7FHwWeBmQCymgStU7pKegmLItBGiao1m3ipybMqTKcCRi6QaYhpeyG9qFtoaQx6DAf7TrEe5bp4l6i7JUGj9ifHTmNtR7Eka20E17rv1pB/qe1M9M7CXMu08yAZOOPepnAJsGFcbjLFTAjBhZQpridFbNrqigz1l7XmkD+rjwNGtUK8Svkslo+PZrYsYR20C46QAQdo1N0gWqojhi6R4/oBb06D86z8+58jEtnnEnPNvoVzucX3+GhTQ==</latexit>



Detector de esquinas de Harris

Imagen original dmin = 1
<latexit sha1_base64="l8gooGUM3cxbP7vRBCPk1lYNTbw=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoRCl48VrAf0K4lm03b0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/M/PYjVZrF8t5MEhoIPJRswAg2Vnpw3aif9QST02vfdfvlilf15kCrxM9JBXI0+uWvXhSTVFBpCMdad30vMUGGlWGE02mpl2qaYDLGQ9q1VGJBdZDNr56iM6tEaBArW9Kgufp7IsNC64kIbafAZqSXvZn4n9dNzeAqyJhMUkMlWSwapByZGM0iQBFTlBg+sQQTxeytiIywwsTYoEo2BH/55VXSqlV9r+rf1Sr1izyOIpzAKZyDD5dQh1toQBMIKHiGV3hznpwX5935WLQWnHzmGP7A+fwBwN2RUA==</latexit><latexit sha1_base64="l8gooGUM3cxbP7vRBCPk1lYNTbw=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoRCl48VrAf0K4lm03b0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/M/PYjVZrF8t5MEhoIPJRswAg2Vnpw3aif9QST02vfdfvlilf15kCrxM9JBXI0+uWvXhSTVFBpCMdad30vMUGGlWGE02mpl2qaYDLGQ9q1VGJBdZDNr56iM6tEaBArW9Kgufp7IsNC64kIbafAZqSXvZn4n9dNzeAqyJhMUkMlWSwapByZGM0iQBFTlBg+sQQTxeytiIywwsTYoEo2BH/55VXSqlV9r+rf1Sr1izyOIpzAKZyDD5dQh1toQBMIKHiGV3hznpwX5935WLQWnHzmGP7A+fwBwN2RUA==</latexit><latexit sha1_base64="l8gooGUM3cxbP7vRBCPk1lYNTbw=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoRCl48VrAf0K4lm03b0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/M/PYjVZrF8t5MEhoIPJRswAg2Vnpw3aif9QST02vfdfvlilf15kCrxM9JBXI0+uWvXhSTVFBpCMdad30vMUGGlWGE02mpl2qaYDLGQ9q1VGJBdZDNr56iM6tEaBArW9Kgufp7IsNC64kIbafAZqSXvZn4n9dNzeAqyJhMUkMlWSwapByZGM0iQBFTlBg+sQQTxeytiIywwsTYoEo2BH/55VXSqlV9r+rf1Sr1izyOIpzAKZyDD5dQh1toQBMIKHiGV3hznpwX5935WLQWnHzmGP7A+fwBwN2RUA==</latexit><latexit sha1_base64="l8gooGUM3cxbP7vRBCPk1lYNTbw=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoRCl48VrAf0K4lm03b0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/M/PYjVZrF8t5MEhoIPJRswAg2Vnpw3aif9QST02vfdfvlilf15kCrxM9JBXI0+uWvXhSTVFBpCMdad30vMUGGlWGE02mpl2qaYDLGQ9q1VGJBdZDNr56iM6tEaBArW9Kgufp7IsNC64kIbafAZqSXvZn4n9dNzeAqyJhMUkMlWSwapByZGM0iQBFTlBg+sQQTxeytiIywwsTYoEo2BH/55VXSqlV9r+rf1Sr1izyOIpzAKZyDD5dQh1toQBMIKHiGV3hznpwX5935WLQWnHzmGP7A+fwBwN2RUA==</latexit>

dmin = 5
<latexit sha1_base64="gznFwK7eQRkOv7vg09FRisn/SCA=">AAAB9XicbVBNSwMxEJ31s9avqkcvwa7gqewWil6EghePFewHtGvJZtM2NMkuSVYpS/+HFw+KePW/ePPfmLZ70NYHA4/3ZpiZFyacaeN5387a+sbm1nZhp7i7t39wWDo6buk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9mfvuRKs1ieW8mCQ0EHko2YAQbKz24btTPeoLJ6XXNdfulslfx5kCrxM9JGXI0+qWvXhSTVFBpCMdad30vMUGGlWGE02mxl2qaYDLGQ9q1VGJBdZDNr56ic6tEaBArW9Kgufp7IsNC64kIbafAZqSXvZn4n9dNzeAqyJhMUkMlWSwapByZGM0iQBFTlBg+sQQTxeytiIywwsTYoIo2BH/55VXSqlZ8r+LfVcv1Wh5HAU7hDC7Ah0uowy00oAkEFDzDK7w5T86L8+58LFrXnHzmBP7A+fwBxvWRVA==</latexit><latexit sha1_base64="gznFwK7eQRkOv7vg09FRisn/SCA=">AAAB9XicbVBNSwMxEJ31s9avqkcvwa7gqewWil6EghePFewHtGvJZtM2NMkuSVYpS/+HFw+KePW/ePPfmLZ70NYHA4/3ZpiZFyacaeN5387a+sbm1nZhp7i7t39wWDo6buk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9mfvuRKs1ieW8mCQ0EHko2YAQbKz24btTPeoLJ6XXNdfulslfx5kCrxM9JGXI0+qWvXhSTVFBpCMdad30vMUGGlWGE02mxl2qaYDLGQ9q1VGJBdZDNr56ic6tEaBArW9Kgufp7IsNC64kIbafAZqSXvZn4n9dNzeAqyJhMUkMlWSwapByZGM0iQBFTlBg+sQQTxeytiIywwsTYoIo2BH/55VXSqlZ8r+LfVcv1Wh5HAU7hDC7Ah0uowy00oAkEFDzDK7w5T86L8+58LFrXnHzmBP7A+fwBxvWRVA==</latexit><latexit sha1_base64="gznFwK7eQRkOv7vg09FRisn/SCA=">AAAB9XicbVBNSwMxEJ31s9avqkcvwa7gqewWil6EghePFewHtGvJZtM2NMkuSVYpS/+HFw+KePW/ePPfmLZ70NYHA4/3ZpiZFyacaeN5387a+sbm1nZhp7i7t39wWDo6buk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9mfvuRKs1ieW8mCQ0EHko2YAQbKz24btTPeoLJ6XXNdfulslfx5kCrxM9JGXI0+qWvXhSTVFBpCMdad30vMUGGlWGE02mxl2qaYDLGQ9q1VGJBdZDNr56ic6tEaBArW9Kgufp7IsNC64kIbafAZqSXvZn4n9dNzeAqyJhMUkMlWSwapByZGM0iQBFTlBg+sQQTxeytiIywwsTYoIo2BH/55VXSqlZ8r+LfVcv1Wh5HAU7hDC7Ah0uowy00oAkEFDzDK7w5T86L8+58LFrXnHzmBP7A+fwBxvWRVA==</latexit><latexit sha1_base64="gznFwK7eQRkOv7vg09FRisn/SCA=">AAAB9XicbVBNSwMxEJ31s9avqkcvwa7gqewWil6EghePFewHtGvJZtM2NMkuSVYpS/+HFw+KePW/ePPfmLZ70NYHA4/3ZpiZFyacaeN5387a+sbm1nZhp7i7t39wWDo6buk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9mfvuRKs1ieW8mCQ0EHko2YAQbKz24btTPeoLJ6XXNdfulslfx5kCrxM9JGXI0+qWvXhSTVFBpCMdad30vMUGGlWGE02mxl2qaYDLGQ9q1VGJBdZDNr56ic6tEaBArW9Kgufp7IsNC64kIbafAZqSXvZn4n9dNzeAqyJhMUkMlWSwapByZGM0iQBFTlBg+sQQTxeytiIywwsTYoIo2BH/55VXSqlZ8r+LfVcv1Wh5HAU7hDC7Ah0uowy00oAkEFDzDK7w5T86L8+58LFrXnHzmBP7A+fwBxvWRVA==</latexit>

dmin = 10
<latexit sha1_base64="DO0JkT09rRuj8t/rB1zaLsQwOB8=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoJdgInkpSEL0IBS8eK9gPaEPYbDbt0t1N2N0INfSXePGgiFd/ijf/jds2B219MPB4b4aZeWHKqNKu+22VNja3tnfKu5W9/YPDau3ouKuSTGLSwQlLZD9EijAqSEdTzUg/lQTxkJFeOLmd+71HIhVNxIOepsTnaCRoTDHSRgpqVceJgnzIqZjdeK7jBLW623AXsNeJV5A6FGgHta9hlOCME6ExQ0oNPDfVfo6kppiRWWWYKZIiPEEjMjBUIE6Uny8On9nnRonsOJGmhLYX6u+JHHGlpjw0nRzpsVr15uJ/3iDT8bWfU5Fmmgi8XBRnzNaJPU/BjqgkWLOpIQhLam618RhJhLXJqmJC8FZfXifdZsNzG959s966LOIowymcwQV4cAUtuIM2dABDBs/wCm/Wk/VivVsfy9aSVcycwB9Ynz+q0JG7</latexit><latexit sha1_base64="DO0JkT09rRuj8t/rB1zaLsQwOB8=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoJdgInkpSEL0IBS8eK9gPaEPYbDbt0t1N2N0INfSXePGgiFd/ijf/jds2B219MPB4b4aZeWHKqNKu+22VNja3tnfKu5W9/YPDau3ouKuSTGLSwQlLZD9EijAqSEdTzUg/lQTxkJFeOLmd+71HIhVNxIOepsTnaCRoTDHSRgpqVceJgnzIqZjdeK7jBLW623AXsNeJV5A6FGgHta9hlOCME6ExQ0oNPDfVfo6kppiRWWWYKZIiPEEjMjBUIE6Uny8On9nnRonsOJGmhLYX6u+JHHGlpjw0nRzpsVr15uJ/3iDT8bWfU5Fmmgi8XBRnzNaJPU/BjqgkWLOpIQhLam618RhJhLXJqmJC8FZfXifdZsNzG959s966LOIowymcwQV4cAUtuIM2dABDBs/wCm/Wk/VivVsfy9aSVcycwB9Ynz+q0JG7</latexit><latexit sha1_base64="DO0JkT09rRuj8t/rB1zaLsQwOB8=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoJdgInkpSEL0IBS8eK9gPaEPYbDbt0t1N2N0INfSXePGgiFd/ijf/jds2B219MPB4b4aZeWHKqNKu+22VNja3tnfKu5W9/YPDau3ouKuSTGLSwQlLZD9EijAqSEdTzUg/lQTxkJFeOLmd+71HIhVNxIOepsTnaCRoTDHSRgpqVceJgnzIqZjdeK7jBLW623AXsNeJV5A6FGgHta9hlOCME6ExQ0oNPDfVfo6kppiRWWWYKZIiPEEjMjBUIE6Uny8On9nnRonsOJGmhLYX6u+JHHGlpjw0nRzpsVr15uJ/3iDT8bWfU5Fmmgi8XBRnzNaJPU/BjqgkWLOpIQhLam618RhJhLXJqmJC8FZfXifdZsNzG959s966LOIowymcwQV4cAUtuIM2dABDBs/wCm/Wk/VivVsfy9aSVcycwB9Ynz+q0JG7</latexit><latexit sha1_base64="DO0JkT09rRuj8t/rB1zaLsQwOB8=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoJdgInkpSEL0IBS8eK9gPaEPYbDbt0t1N2N0INfSXePGgiFd/ijf/jds2B219MPB4b4aZeWHKqNKu+22VNja3tnfKu5W9/YPDau3ouKuSTGLSwQlLZD9EijAqSEdTzUg/lQTxkJFeOLmd+71HIhVNxIOepsTnaCRoTDHSRgpqVceJgnzIqZjdeK7jBLW623AXsNeJV5A6FGgHta9hlOCME6ExQ0oNPDfVfo6kppiRWWWYKZIiPEEjMjBUIE6Uny8On9nnRonsOJGmhLYX6u+JHHGlpjw0nRzpsVr15uJ/3iDT8bWfU5Fmmgi8XBRnzNaJPU/BjqgkWLOpIQhLam618RhJhLXJqmJC8FZfXifdZsNzG959s966LOIowymcwQV4cAUtuIM2dABDBs/wCm/Wk/VivVsfy9aSVcycwB9Ynz+q0JG7</latexit>



<latexit sha1_base64="kpCE5iJNA/Cza/H+p+4rbz8aHqw="></latexit><latexit sha1_base64="kpCE5iJNA/Cza/H+p+4rbz8aHqw="></latexit><latexit sha1_base64="kpCE5iJNA/Cza/H+p+4rbz8aHqw="></latexit><latexit sha1_base64="kpCE5iJNA/Cza/H+p+4rbz8aHqw="></latexit>

A

A
<latexit sha1_base64="RiGmmi4Rg45gH+OfZSflMvCDz2U="></latexit><latexit sha1_base64="RiGmmi4Rg45gH+OfZSflMvCDz2U="></latexit><latexit sha1_base64="RiGmmi4Rg45gH+OfZSflMvCDz2U="></latexit><latexit sha1_base64="RiGmmi4Rg45gH+OfZSflMvCDz2U="></latexit>

<latexit sha1_base64="kpCE5iJNA/Cza/H+p+4rbz8aHqw="></latexit><latexit sha1_base64="kpCE5iJNA/Cza/H+p+4rbz8aHqw="></latexit><latexit sha1_base64="kpCE5iJNA/Cza/H+p+4rbz8aHqw="></latexit><latexit sha1_base64="kpCE5iJNA/Cza/H+p+4rbz8aHqw="></latexit>

Otras métricas

Shi y Tomasi (1994)

Triggs (2004)

(Harmonic mean) Brown, Szeliski y Winder (2005)



Otras métricas

Imagen original

Candidatos de Shi-Tomasi (xg), Harris (+r),  

Harris OpenCV (.b), Brown-Szeliski-Winder (sc)



Scale Invariant Feature Transform (SIFT)

• Detector y descriptor de características relevantes. 

• Ampliamente utilizado (patentado para uso 

comercial). 

• Invariante a algunas escalas, rotaciones, cambios 

de iluminación, punto de vista, entre otras. 

• Además de la detección asocia a cada punto una 

huella para identificarlo en otras imágenes o vistas. 

• Basado en espacio de escalas y en conceptos del 

sistema visual humano.

Distinctive Image Features

from Scale-Invariant Keypoints

David G. Lowe

Computer Science Department

University of British Columbia

Vancouver, B.C., Canada

lowe@cs.ubc.ca

January 5, 2004

Abstract

This paper presents a method for extracting distinctive invariant features from

images that can be used to perform reliable matching between different views of

an object or scene. The features are invariant to image scale and rotation, and

are shown to provide robust matching across a a substantial range of affine dis-

tortion, change in 3D viewpoint, addition of noise, and change in illumination.

The features are highly distinctive, in the sense that a single feature can be cor-

rectly matched with high probability against a large database of features from

many images. This paper also describes an approach to using these features

for object recognition. The recognition proceeds by matching individual fea-

tures to a database of features from known objects using a fast nearest-neighbor

algorithm, followed by a Hough transform to identify clusters belonging to a sin-

gle object, and finally performing verification through least-squares solution for

consistent pose parameters. This approach to recognition can robustly identify

objects among clutter and occlusion while achieving near real-time performance.



Scale Invariant Feature Transform (SIFT)

• Principales pasos en el cálculo de SIFT: 

• Detección de puntos extremos en un espacio de escalas obtenido con el Laplaciano de 

Gaussianas (LoG)/Diferencia de Gaussianas (DoG) para identificar posibles puntos de 

interés 

• Refinamiento de los puntos de interés para precisar su posición mediante el ajuste de un 

modelo continuo. 

• Asignación de una orientación (orientación dominante) en cada punto de interés. 

• Cómputo de un vector de 128 valores descriptores de las características de cada punto 

(feature descriptor vector) en función del histograma del gradiente local.
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Espacio de escalas

• Filtrado con operador Laplaciano de Gaussianas aumentando la varianza.
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Laplaciano

Lindberg (1988), Feature Detection 

with Automatic Scale Selection



Respuesta máxima en puntos oscuros rodeados de un 

anillo claro de radio cercano a !.

Espacio de escalas

• Filtrado con operador Laplaciano de Gaussianas aumentando la varianza.
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Espacio de escalas

• Filtrado con operador Laplaciano de Gaussianas aumentando la varianza.

σ = 40
<latexit sha1_base64="KbW9PUVJVqREkwq44UxB8rNTvyU=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3KHoRCl48VrC10C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVBHaJDGPVTvEmnImadMww2k7URSLkNPHcHQ78x/HVGkWywczSWgg8ECyiBFsrBS4blezgcA3F57r9soVr+rNgVaJn5MK5Gj0yl/dfkxSQaUhHGvd8b3EBBlWhhFOp6VuqmmCyQgPaMdSiQXVQTY/eorOrNJHUaxsSYPm6u+JDAutJyK0nQKboV72ZuJ/Xic10XWQMZmkhkqyWBSlHJkYzRJAfaYoMXxiCSaK2VsRGWKFibE5lWwI/vLLq6RVq/pe1b+vVeqXeRxFOIFTOAcfrqAOd9CAJhB4gmd4hTdn7Lw4787HorXg5DPH8AfO5w96ZJCL</latexit><latexit sha1_base64="KbW9PUVJVqREkwq44UxB8rNTvyU=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3KHoRCl48VrC10C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVBHaJDGPVTvEmnImadMww2k7URSLkNPHcHQ78x/HVGkWywczSWgg8ECyiBFsrBS4blezgcA3F57r9soVr+rNgVaJn5MK5Gj0yl/dfkxSQaUhHGvd8b3EBBlWhhFOp6VuqmmCyQgPaMdSiQXVQTY/eorOrNJHUaxsSYPm6u+JDAutJyK0nQKboV72ZuJ/Xic10XWQMZmkhkqyWBSlHJkYzRJAfaYoMXxiCSaK2VsRGWKFibE5lWwI/vLLq6RVq/pe1b+vVeqXeRxFOIFTOAcfrqAOd9CAJhB4gmd4hTdn7Lw4787HorXg5DPH8AfO5w96ZJCL</latexit><latexit sha1_base64="KbW9PUVJVqREkwq44UxB8rNTvyU=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3KHoRCl48VrC10C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVBHaJDGPVTvEmnImadMww2k7URSLkNPHcHQ78x/HVGkWywczSWgg8ECyiBFsrBS4blezgcA3F57r9soVr+rNgVaJn5MK5Gj0yl/dfkxSQaUhHGvd8b3EBBlWhhFOp6VuqmmCyQgPaMdSiQXVQTY/eorOrNJHUaxsSYPm6u+JDAutJyK0nQKboV72ZuJ/Xic10XWQMZmkhkqyWBSlHJkYzRJAfaYoMXxiCSaK2VsRGWKFibE5lWwI/vLLq6RVq/pe1b+vVeqXeRxFOIFTOAcfrqAOd9CAJhB4gmd4hTdn7Lw4787HorXg5DPH8AfO5w96ZJCL</latexit><latexit sha1_base64="KbW9PUVJVqREkwq44UxB8rNTvyU=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3KHoRCl48VrC10C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVBHaJDGPVTvEmnImadMww2k7URSLkNPHcHQ78x/HVGkWywczSWgg8ECyiBFsrBS4blezgcA3F57r9soVr+rNgVaJn5MK5Gj0yl/dfkxSQaUhHGvd8b3EBBlWhhFOp6VuqmmCyQgPaMdSiQXVQTY/eorOrNJHUaxsSYPm6u+JDAutJyK0nQKboV72ZuJ/Xic10XWQMZmkhkqyWBSlHJkYzRJAfaYoMXxiCSaK2VsRGWKFibE5lWwI/vLLq6RVq/pe1b+vVeqXeRxFOIFTOAcfrqAOd9CAJhB4gmd4hTdn7Lw4787HorXg5DPH8AfO5w96ZJCL</latexit>

σ = 2
<latexit sha1_base64="2dWVErMlVaHLckSHiN0Pz/E5MEc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LDaCp5IURC9CwYvHCvYDmlA22027dHcTdjdCCf0bXjwo4tU/481/47bNQVsfDDzem2FmXpRypo3nfTuljc2t7Z3ybmVv/+DwqHp80tFJpghtk4QnqhdhTTmTtG2Y4bSXKopFxGk3mtzN/e4TVZol8tFMUxoKPJIsZgQbKwWuG2g2Evi24bqDas2rewugdeIXpAYFWoPqVzBMSCaoNIRjrfu+l5owx8owwumsEmSapphM8Ij2LZVYUB3mi5tn6MIqQxQnypY0aKH+nsix0HoqItspsBnrVW8u/uf1MxPfhDmTaWaoJMtFccaRSdA8ADRkihLDp5Zgopi9FZExVpgYG1PFhuCvvrxOOo2679X9h0ateVXEUYYzOIdL8OEamnAPLWgDgRSe4RXenMx5cd6dj2VrySlmTuEPnM8fBhiQTw==</latexit><latexit sha1_base64="2dWVErMlVaHLckSHiN0Pz/E5MEc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LDaCp5IURC9CwYvHCvYDmlA22027dHcTdjdCCf0bXjwo4tU/481/47bNQVsfDDzem2FmXpRypo3nfTuljc2t7Z3ybmVv/+DwqHp80tFJpghtk4QnqhdhTTmTtG2Y4bSXKopFxGk3mtzN/e4TVZol8tFMUxoKPJIsZgQbKwWuG2g2Evi24bqDas2rewugdeIXpAYFWoPqVzBMSCaoNIRjrfu+l5owx8owwumsEmSapphM8Ij2LZVYUB3mi5tn6MIqQxQnypY0aKH+nsix0HoqItspsBnrVW8u/uf1MxPfhDmTaWaoJMtFccaRSdA8ADRkihLDp5Zgopi9FZExVpgYG1PFhuCvvrxOOo2679X9h0ateVXEUYYzOIdL8OEamnAPLWgDgRSe4RXenMx5cd6dj2VrySlmTuEPnM8fBhiQTw==</latexit><latexit sha1_base64="2dWVErMlVaHLckSHiN0Pz/E5MEc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LDaCp5IURC9CwYvHCvYDmlA22027dHcTdjdCCf0bXjwo4tU/481/47bNQVsfDDzem2FmXpRypo3nfTuljc2t7Z3ybmVv/+DwqHp80tFJpghtk4QnqhdhTTmTtG2Y4bSXKopFxGk3mtzN/e4TVZol8tFMUxoKPJIsZgQbKwWuG2g2Evi24bqDas2rewugdeIXpAYFWoPqVzBMSCaoNIRjrfu+l5owx8owwumsEmSapphM8Ij2LZVYUB3mi5tn6MIqQxQnypY0aKH+nsix0HoqItspsBnrVW8u/uf1MxPfhDmTaWaoJMtFccaRSdA8ADRkihLDp5Zgopi9FZExVpgYG1PFhuCvvrxOOo2679X9h0ateVXEUYYzOIdL8OEamnAPLWgDgRSe4RXenMx5cd6dj2VrySlmTuEPnM8fBhiQTw==</latexit><latexit sha1_base64="2dWVErMlVaHLckSHiN0Pz/E5MEc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LDaCp5IURC9CwYvHCvYDmlA22027dHcTdjdCCf0bXjwo4tU/481/47bNQVsfDDzem2FmXpRypo3nfTuljc2t7Z3ybmVv/+DwqHp80tFJpghtk4QnqhdhTTmTtG2Y4bSXKopFxGk3mtzN/e4TVZol8tFMUxoKPJIsZgQbKwWuG2g2Evi24bqDas2rewugdeIXpAYFWoPqVzBMSCaoNIRjrfu+l5owx8owwumsEmSapphM8Ij2LZVYUB3mi5tn6MIqQxQnypY0aKH+nsix0HoqItspsBnrVW8u/uf1MxPfhDmTaWaoJMtFccaRSdA8ADRkihLDp5Zgopi9FZExVpgYG1PFhuCvvrxOOo2679X9h0ateVXEUYYzOIdL8OEamnAPLWgDgRSe4RXenMx5cd6dj2VrySlmTuEPnM8fBhiQTw==</latexit>

σ = 10
<latexit sha1_base64="M/VwSKDpi6o1hQ6dQED7F4WSeL8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoRCl48VrAf0C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKG5tb2zvF3dLe/sHhUfn4pKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OL6b++0JVZrF8tFMExoIPJQsYgQbKwWu29NsKPCt77luv1zxqt4CaJ34OalAjka//NUbxCQVVBrCsdZd30tMkGFlGOF0VuqlmiaYjPGQdi2VWFAdZIujZ+jCKgMUxcqWNGih/p7IsNB6KkLbKbAZ6VVvLv7ndVMT3QQZk0lqqCTLRVHKkYnRPAE0YIoSw6eWYKKYvRWREVaYGJtTyYbgr768Tlq1qu9V/YdapX6Vx1GEMziHS/DhGupwDw1oAoEneIZXeHMmzovz7nwsWwtOPnMKf+B8/gB1z5CI</latexit><latexit sha1_base64="M/VwSKDpi6o1hQ6dQED7F4WSeL8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoRCl48VrAf0C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKG5tb2zvF3dLe/sHhUfn4pKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OL6b++0JVZrF8tFMExoIPJQsYgQbKwWu29NsKPCt77luv1zxqt4CaJ34OalAjka//NUbxCQVVBrCsdZd30tMkGFlGOF0VuqlmiaYjPGQdi2VWFAdZIujZ+jCKgMUxcqWNGih/p7IsNB6KkLbKbAZ6VVvLv7ndVMT3QQZk0lqqCTLRVHKkYnRPAE0YIoSw6eWYKKYvRWREVaYGJtTyYbgr768Tlq1qu9V/YdapX6Vx1GEMziHS/DhGupwDw1oAoEneIZXeHMmzovz7nwsWwtOPnMKf+B8/gB1z5CI</latexit><latexit sha1_base64="M/VwSKDpi6o1hQ6dQED7F4WSeL8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoRCl48VrAf0C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKG5tb2zvF3dLe/sHhUfn4pKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OL6b++0JVZrF8tFMExoIPJQsYgQbKwWu29NsKPCt77luv1zxqt4CaJ34OalAjka//NUbxCQVVBrCsdZd30tMkGFlGOF0VuqlmiaYjPGQdi2VWFAdZIujZ+jCKgMUxcqWNGih/p7IsNB6KkLbKbAZ6VVvLv7ndVMT3QQZk0lqqCTLRVHKkYnRPAE0YIoSw6eWYKKYvRWREVaYGJtTyYbgr768Tlq1qu9V/YdapX6Vx1GEMziHS/DhGupwDw1oAoEneIZXeHMmzovz7nwsWwtOPnMKf+B8/gB1z5CI</latexit><latexit sha1_base64="M/VwSKDpi6o1hQ6dQED7F4WSeL8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoRCl48VrAf0C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKG5tb2zvF3dLe/sHhUfn4pKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OL6b++0JVZrF8tFMExoIPJQsYgQbKwWu29NsKPCt77luv1zxqt4CaJ34OalAjka//NUbxCQVVBrCsdZd30tMkGFlGOF0VuqlmiaYjPGQdi2VWFAdZIujZ+jCKgMUxcqWNGih/p7IsNB6KkLbKbAZ6VVvLv7ndVMT3QQZk0lqqCTLRVHKkYnRPAE0YIoSw6eWYKKYvRWREVaYGJtTyYbgr768Tlq1qu9V/YdapX6Vx1GEMziHS/DhGupwDw1oAoEneIZXeHMmzovz7nwsWwtOPnMKf+B8/gB1z5CI</latexit>

σ = 20
<latexit sha1_base64="y3HP5oZSrEwfQ68+YjZH62v2G88=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoRCl48VrAf0C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKG5tb2zvF3dLe/sHhUfn4pKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OL6b++0JVZrF8tFMExoIPJQsYgQbKwWu29NsKPBtzXPdfrniVb0F0Drxc1KBHI1++as3iEkqqDSEY627vpeYIMPKMMLprNRLNU0wGeMh7VoqsaA6yBZHz9CFVQYoipUtadBC/T2RYaH1VIS2U2Az0qveXPzP66YmugkyJpPUUEmWi6KUIxOjeQJowBQlhk8twUQxeysiI6wwMTankg3BX315nbRqVd+r+g+1Sv0qj6MIZ3AOl+DDNdThHhrQBAJP8Ayv8OZMnBfn3flYthacfOYU/sD5/AF3VpCJ</latexit><latexit sha1_base64="y3HP5oZSrEwfQ68+YjZH62v2G88=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoRCl48VrAf0C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKG5tb2zvF3dLe/sHhUfn4pKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OL6b++0JVZrF8tFMExoIPJQsYgQbKwWu29NsKPBtzXPdfrniVb0F0Drxc1KBHI1++as3iEkqqDSEY627vpeYIMPKMMLprNRLNU0wGeMh7VoqsaA6yBZHz9CFVQYoipUtadBC/T2RYaH1VIS2U2Az0qveXPzP66YmugkyJpPUUEmWi6KUIxOjeQJowBQlhk8twUQxeysiI6wwMTankg3BX315nbRqVd+r+g+1Sv0qj6MIZ3AOl+DDNdThHhrQBAJP8Ayv8OZMnBfn3flYthacfOYU/sD5/AF3VpCJ</latexit><latexit sha1_base64="y3HP5oZSrEwfQ68+YjZH62v2G88=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoRCl48VrAf0C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKG5tb2zvF3dLe/sHhUfn4pKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OL6b++0JVZrF8tFMExoIPJQsYgQbKwWu29NsKPBtzXPdfrniVb0F0Drxc1KBHI1++as3iEkqqDSEY627vpeYIMPKMMLprNRLNU0wGeMh7VoqsaA6yBZHz9CFVQYoipUtadBC/T2RYaH1VIS2U2Az0qveXPzP66YmugkyJpPUUEmWi6KUIxOjeQJowBQlhk8twUQxeysiI6wwMTankg3BX315nbRqVd+r+g+1Sv0qj6MIZ3AOl+DDNdThHhrQBAJP8Ayv8OZMnBfn3flYthacfOYU/sD5/AF3VpCJ</latexit><latexit sha1_base64="y3HP5oZSrEwfQ68+YjZH62v2G88=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoRCl48VrAf0C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKG5tb2zvF3dLe/sHhUfn4pKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OL6b++0JVZrF8tFMExoIPJQsYgQbKwWu29NsKPBtzXPdfrniVb0F0Drxc1KBHI1++as3iEkqqDSEY627vpeYIMPKMMLprNRLNU0wGeMh7VoqsaA6yBZHz9CFVQYoipUtadBC/T2RYaH1VIS2U2Az0qveXPzP66YmugkyJpPUUEmWi6KUIxOjeQJowBQlhk8twUQxeysiI6wwMTankg3BX315nbRqVd+r+g+1Sv0qj6MIZ3AOl+DDNdThHhrQBAJP8Ayv8OZMnBfn3flYthacfOYU/sD5/AF3VpCJ</latexit>

σ = 80
<latexit sha1_base64="1eYjGvx3Re2j5d5uHTda5ZuiPy0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IPYiFLx4rGBboV1KNs22oUl2TbKFsvR3ePGgiFd/jDf/jWm7B219MPB4b4aZeWHCmTae9+0UNja3tneKu6W9/YPDo/LxSVvHqSK0RWIeq8cQa8qZpC3DDKePiaJYhJx2wvHt3O9MqNIslg9mmtBA4KFkESPYWClw3Z5mQ4Fv6p7r9ssVr+otgNaJn5MK5Gj2y1+9QUxSQaUhHGvd9b3EBBlWhhFOZ6VeqmmCyRgPaddSiQXVQbY4eoYurDJAUaxsSYMW6u+JDAutpyK0nQKbkV715uJ/Xjc1UT3ImExSQyVZLopSjkyM5gmgAVOUGD61BBPF7K2IjLDCxNicSjYEf/XlddKuVX2v6t/XKo2rPI4inME5XIIP19CAO2hCCwg8wTO8wpszcV6cd+dj2Vpw8plT+APn8weAgJCP</latexit><latexit sha1_base64="1eYjGvx3Re2j5d5uHTda5ZuiPy0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IPYiFLx4rGBboV1KNs22oUl2TbKFsvR3ePGgiFd/jDf/jWm7B219MPB4b4aZeWHCmTae9+0UNja3tneKu6W9/YPDo/LxSVvHqSK0RWIeq8cQa8qZpC3DDKePiaJYhJx2wvHt3O9MqNIslg9mmtBA4KFkESPYWClw3Z5mQ4Fv6p7r9ssVr+otgNaJn5MK5Gj2y1+9QUxSQaUhHGvd9b3EBBlWhhFOZ6VeqmmCyRgPaddSiQXVQbY4eoYurDJAUaxsSYMW6u+JDAutpyK0nQKbkV715uJ/Xjc1UT3ImExSQyVZLopSjkyM5gmgAVOUGD61BBPF7K2IjLDCxNicSjYEf/XlddKuVX2v6t/XKo2rPI4inME5XIIP19CAO2hCCwg8wTO8wpszcV6cd+dj2Vpw8plT+APn8weAgJCP</latexit><latexit sha1_base64="1eYjGvx3Re2j5d5uHTda5ZuiPy0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IPYiFLx4rGBboV1KNs22oUl2TbKFsvR3ePGgiFd/jDf/jWm7B219MPB4b4aZeWHCmTae9+0UNja3tneKu6W9/YPDo/LxSVvHqSK0RWIeq8cQa8qZpC3DDKePiaJYhJx2wvHt3O9MqNIslg9mmtBA4KFkESPYWClw3Z5mQ4Fv6p7r9ssVr+otgNaJn5MK5Gj2y1+9QUxSQaUhHGvd9b3EBBlWhhFOZ6VeqmmCyRgPaddSiQXVQbY4eoYurDJAUaxsSYMW6u+JDAutpyK0nQKbkV715uJ/Xjc1UT3ImExSQyVZLopSjkyM5gmgAVOUGD61BBPF7K2IjLDCxNicSjYEf/XlddKuVX2v6t/XKo2rPI4inME5XIIP19CAO2hCCwg8wTO8wpszcV6cd+dj2Vpw8plT+APn8weAgJCP</latexit><latexit sha1_base64="1eYjGvx3Re2j5d5uHTda5ZuiPy0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IPYiFLx4rGBboV1KNs22oUl2TbKFsvR3ePGgiFd/jDf/jWm7B219MPB4b4aZeWHCmTae9+0UNja3tneKu6W9/YPDo/LxSVvHqSK0RWIeq8cQa8qZpC3DDKePiaJYhJx2wvHt3O9MqNIslg9mmtBA4KFkESPYWClw3Z5mQ4Fv6p7r9ssVr+otgNaJn5MK5Gj2y1+9QUxSQaUhHGvd9b3EBBlWhhFOZ6VeqmmCyRgPaddSiQXVQbY4eoYurDJAUaxsSYMW6u+JDAutpyK0nQKbkV715uJ/Xjc1UT3ImExSQyVZLopSjkyM5gmgAVOUGD61BBPF7K2IjLDCxNicSjYEf/XlddKuVX2v6t/XKo2rPI4inME5XIIP19CAO2hCCwg8wTO8wpszcV6cd+dj2Vpw8plT+APn8weAgJCP</latexit>

máximomínimo



Espacio de escalas

• Filtrado con operador Laplaciano de Gaussianas aumentando la varianza.

σ = 40
<latexit sha1_base64="KbW9PUVJVqREkwq44UxB8rNTvyU=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3KHoRCl48VrC10C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVBHaJDGPVTvEmnImadMww2k7URSLkNPHcHQ78x/HVGkWywczSWgg8ECyiBFsrBS4blezgcA3F57r9soVr+rNgVaJn5MK5Gj0yl/dfkxSQaUhHGvd8b3EBBlWhhFOp6VuqmmCyQgPaMdSiQXVQTY/eorOrNJHUaxsSYPm6u+JDAutJyK0nQKboV72ZuJ/Xic10XWQMZmkhkqyWBSlHJkYzRJAfaYoMXxiCSaK2VsRGWKFibE5lWwI/vLLq6RVq/pe1b+vVeqXeRxFOIFTOAcfrqAOd9CAJhB4gmd4hTdn7Lw4787HorXg5DPH8AfO5w96ZJCL</latexit><latexit sha1_base64="KbW9PUVJVqREkwq44UxB8rNTvyU=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3KHoRCl48VrC10C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVBHaJDGPVTvEmnImadMww2k7URSLkNPHcHQ78x/HVGkWywczSWgg8ECyiBFsrBS4blezgcA3F57r9soVr+rNgVaJn5MK5Gj0yl/dfkxSQaUhHGvd8b3EBBlWhhFOp6VuqmmCyQgPaMdSiQXVQTY/eorOrNJHUaxsSYPm6u+JDAutJyK0nQKboV72ZuJ/Xic10XWQMZmkhkqyWBSlHJkYzRJAfaYoMXxiCSaK2VsRGWKFibE5lWwI/vLLq6RVq/pe1b+vVeqXeRxFOIFTOAcfrqAOd9CAJhB4gmd4hTdn7Lw4787HorXg5DPH8AfO5w96ZJCL</latexit><latexit sha1_base64="KbW9PUVJVqREkwq44UxB8rNTvyU=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3KHoRCl48VrC10C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVBHaJDGPVTvEmnImadMww2k7URSLkNPHcHQ78x/HVGkWywczSWgg8ECyiBFsrBS4blezgcA3F57r9soVr+rNgVaJn5MK5Gj0yl/dfkxSQaUhHGvd8b3EBBlWhhFOp6VuqmmCyQgPaMdSiQXVQTY/eorOrNJHUaxsSYPm6u+JDAutJyK0nQKboV72ZuJ/Xic10XWQMZmkhkqyWBSlHJkYzRJAfaYoMXxiCSaK2VsRGWKFibE5lWwI/vLLq6RVq/pe1b+vVeqXeRxFOIFTOAcfrqAOd9CAJhB4gmd4hTdn7Lw4787HorXg5DPH8AfO5w96ZJCL</latexit><latexit sha1_base64="KbW9PUVJVqREkwq44UxB8rNTvyU=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3KHoRCl48VrC10C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKa+sbm1vF7dLO7t7+QfnwqKXjVBHaJDGPVTvEmnImadMww2k7URSLkNPHcHQ78x/HVGkWywczSWgg8ECyiBFsrBS4blezgcA3F57r9soVr+rNgVaJn5MK5Gj0yl/dfkxSQaUhHGvd8b3EBBlWhhFOp6VuqmmCyQgPaMdSiQXVQTY/eorOrNJHUaxsSYPm6u+JDAutJyK0nQKboV72ZuJ/Xic10XWQMZmkhkqyWBSlHJkYzRJAfaYoMXxiCSaK2VsRGWKFibE5lWwI/vLLq6RVq/pe1b+vVeqXeRxFOIFTOAcfrqAOd9CAJhB4gmd4hTdn7Lw4787HorXg5DPH8AfO5w96ZJCL</latexit>

σ = 10
<latexit sha1_base64="M/VwSKDpi6o1hQ6dQED7F4WSeL8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoRCl48VrAf0C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKG5tb2zvF3dLe/sHhUfn4pKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OL6b++0JVZrF8tFMExoIPJQsYgQbKwWu29NsKPCt77luv1zxqt4CaJ34OalAjka//NUbxCQVVBrCsdZd30tMkGFlGOF0VuqlmiaYjPGQdi2VWFAdZIujZ+jCKgMUxcqWNGih/p7IsNB6KkLbKbAZ6VVvLv7ndVMT3QQZk0lqqCTLRVHKkYnRPAE0YIoSw6eWYKKYvRWREVaYGJtTyYbgr768Tlq1qu9V/YdapX6Vx1GEMziHS/DhGupwDw1oAoEneIZXeHMmzovz7nwsWwtOPnMKf+B8/gB1z5CI</latexit><latexit sha1_base64="M/VwSKDpi6o1hQ6dQED7F4WSeL8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoRCl48VrAf0C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKG5tb2zvF3dLe/sHhUfn4pKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OL6b++0JVZrF8tFMExoIPJQsYgQbKwWu29NsKPCt77luv1zxqt4CaJ34OalAjka//NUbxCQVVBrCsdZd30tMkGFlGOF0VuqlmiaYjPGQdi2VWFAdZIujZ+jCKgMUxcqWNGih/p7IsNB6KkLbKbAZ6VVvLv7ndVMT3QQZk0lqqCTLRVHKkYnRPAE0YIoSw6eWYKKYvRWREVaYGJtTyYbgr768Tlq1qu9V/YdapX6Vx1GEMziHS/DhGupwDw1oAoEneIZXeHMmzovz7nwsWwtOPnMKf+B8/gB1z5CI</latexit><latexit sha1_base64="M/VwSKDpi6o1hQ6dQED7F4WSeL8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoRCl48VrAf0C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKG5tb2zvF3dLe/sHhUfn4pKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OL6b++0JVZrF8tFMExoIPJQsYgQbKwWu29NsKPCt77luv1zxqt4CaJ34OalAjka//NUbxCQVVBrCsdZd30tMkGFlGOF0VuqlmiaYjPGQdi2VWFAdZIujZ+jCKgMUxcqWNGih/p7IsNB6KkLbKbAZ6VVvLv7ndVMT3QQZk0lqqCTLRVHKkYnRPAE0YIoSw6eWYKKYvRWREVaYGJtTyYbgr768Tlq1qu9V/YdapX6Vx1GEMziHS/DhGupwDw1oAoEneIZXeHMmzovz7nwsWwtOPnMKf+B8/gB1z5CI</latexit><latexit sha1_base64="M/VwSKDpi6o1hQ6dQED7F4WSeL8=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CXYFT2W3IHoRCl48VrAf0C4lm2bb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKG5tb2zvF3dLe/sHhUfn4pKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OL6b++0JVZrF8tFMExoIPJQsYgQbKwWu29NsKPCt77luv1zxqt4CaJ34OalAjka//NUbxCQVVBrCsdZd30tMkGFlGOF0VuqlmiaYjPGQdi2VWFAdZIujZ+jCKgMUxcqWNGih/p7IsNB6KkLbKbAZ6VVvLv7ndVMT3QQZk0lqqCTLRVHKkYnRPAE0YIoSw6eWYKKYvRWREVaYGJtTyYbgr768Tlq1qu9V/YdapX6Vx1GEMziHS/DhGupwDw1oAoEneIZXeHMmzovz7nwsWwtOPnMKf+B8/gB1z5CI</latexit>

σ = 2
<latexit sha1_base64="2dWVErMlVaHLckSHiN0Pz/E5MEc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LDaCp5IURC9CwYvHCvYDmlA22027dHcTdjdCCf0bXjwo4tU/481/47bNQVsfDDzem2FmXpRypo3nfTuljc2t7Z3ybmVv/+DwqHp80tFJpghtk4QnqhdhTTmTtG2Y4bSXKopFxGk3mtzN/e4TVZol8tFMUxoKPJIsZgQbKwWuG2g2Evi24bqDas2rewugdeIXpAYFWoPqVzBMSCaoNIRjrfu+l5owx8owwumsEmSapphM8Ij2LZVYUB3mi5tn6MIqQxQnypY0aKH+nsix0HoqItspsBnrVW8u/uf1MxPfhDmTaWaoJMtFccaRSdA8ADRkihLDp5Zgopi9FZExVpgYG1PFhuCvvrxOOo2679X9h0ateVXEUYYzOIdL8OEamnAPLWgDgRSe4RXenMx5cd6dj2VrySlmTuEPnM8fBhiQTw==</latexit><latexit sha1_base64="2dWVErMlVaHLckSHiN0Pz/E5MEc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LDaCp5IURC9CwYvHCvYDmlA22027dHcTdjdCCf0bXjwo4tU/481/47bNQVsfDDzem2FmXpRypo3nfTuljc2t7Z3ybmVv/+DwqHp80tFJpghtk4QnqhdhTTmTtG2Y4bSXKopFxGk3mtzN/e4TVZol8tFMUxoKPJIsZgQbKwWuG2g2Evi24bqDas2rewugdeIXpAYFWoPqVzBMSCaoNIRjrfu+l5owx8owwumsEmSapphM8Ij2LZVYUB3mi5tn6MIqQxQnypY0aKH+nsix0HoqItspsBnrVW8u/uf1MxPfhDmTaWaoJMtFccaRSdA8ADRkihLDp5Zgopi9FZExVpgYG1PFhuCvvrxOOo2679X9h0ateVXEUYYzOIdL8OEamnAPLWgDgRSe4RXenMx5cd6dj2VrySlmTuEPnM8fBhiQTw==</latexit><latexit sha1_base64="2dWVErMlVaHLckSHiN0Pz/E5MEc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LDaCp5IURC9CwYvHCvYDmlA22027dHcTdjdCCf0bXjwo4tU/481/47bNQVsfDDzem2FmXpRypo3nfTuljc2t7Z3ybmVv/+DwqHp80tFJpghtk4QnqhdhTTmTtG2Y4bSXKopFxGk3mtzN/e4TVZol8tFMUxoKPJIsZgQbKwWuG2g2Evi24bqDas2rewugdeIXpAYFWoPqVzBMSCaoNIRjrfu+l5owx8owwumsEmSapphM8Ij2LZVYUB3mi5tn6MIqQxQnypY0aKH+nsix0HoqItspsBnrVW8u/uf1MxPfhDmTaWaoJMtFccaRSdA8ADRkihLDp5Zgopi9FZExVpgYG1PFhuCvvrxOOo2679X9h0ateVXEUYYzOIdL8OEamnAPLWgDgRSe4RXenMx5cd6dj2VrySlmTuEPnM8fBhiQTw==</latexit><latexit sha1_base64="2dWVErMlVaHLckSHiN0Pz/E5MEc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LDaCp5IURC9CwYvHCvYDmlA22027dHcTdjdCCf0bXjwo4tU/481/47bNQVsfDDzem2FmXpRypo3nfTuljc2t7Z3ybmVv/+DwqHp80tFJpghtk4QnqhdhTTmTtG2Y4bSXKopFxGk3mtzN/e4TVZol8tFMUxoKPJIsZgQbKwWuG2g2Evi24bqDas2rewugdeIXpAYFWoPqVzBMSCaoNIRjrfu+l5owx8owwumsEmSapphM8Ij2LZVYUB3mi5tn6MIqQxQnypY0aKH+nsix0HoqItspsBnrVW8u/uf1MxPfhDmTaWaoJMtFccaRSdA8ADRkihLDp5Zgopi9FZExVpgYG1PFhuCvvrxOOo2679X9h0ateVXEUYYzOIdL8OEamnAPLWgDgRSe4RXenMx5cd6dj2VrySlmTuEPnM8fBhiQTw==</latexit>



• En la práctica se aproxima el LoG por la Diferencia de Gaussianas (DoG) de 

varianzas cercanas, con menor tiempo de cómputo.

L̂σ(x, y) = κ̂ DoGσ,κ(x, y)
<latexit sha1_base64="WjUM0Cwp6wKvvXqmVcAS0y/fiFE="></latexit><latexit sha1_base64="WjUM0Cwp6wKvvXqmVcAS0y/fiFE="></latexit><latexit sha1_base64="WjUM0Cwp6wKvvXqmVcAS0y/fiFE="></latexit><latexit sha1_base64="WjUM0Cwp6wKvvXqmVcAS0y/fiFE="></latexit>

Laplacian of Gaussians (LoG) y Difference of Gaussians (DoG)
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<latexit sha1_base64="aqWwB9NQ67uHLyXuEH4o8mLV3Nk=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAjVNCSFEQ3QsGNCxcV7AWaGCbTSTt0cmFmIobQp3Djq7hxoYhbcefbOG2zsK0/DHz85xzOnN+LGRXSNH+0wtLyyupacb20sbm1vaPv7rVElHBMmjhiEe94SBBGQ9KUVDLSiTlBgcdI2xtejevtB8IFjcI7mcbECVA/pD7FSCrL1U8Nwx4gCW9cW9B+gCqPJ+nx5ZTva7O2Ybh62ayaE8FFsHIog1wNV/+2exFOAhJKzJAQXcuMpZMhLilmZFSyE0FihIeoT7oKQxQQ4WSTs0bwSDk96EdcvVDCift3IkOBEGngqc4AyYGYr43N/2rdRPoXTkbDOJEkxNNFfsKgjOA4I9ijnGDJUgUIc6r+CvEAcYSlSrKkQrDmT16EVq1qmVXrtlaun+VxFMEBOAQVYIFzUAfXoAGaAIMn8ALewLv2rL1qH9rntLWg5TP7YEba1y+Ql50N</latexit><latexit sha1_base64="aqWwB9NQ67uHLyXuEH4o8mLV3Nk=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAjVNCSFEQ3QsGNCxcV7AWaGCbTSTt0cmFmIobQp3Djq7hxoYhbcefbOG2zsK0/DHz85xzOnN+LGRXSNH+0wtLyyupacb20sbm1vaPv7rVElHBMmjhiEe94SBBGQ9KUVDLSiTlBgcdI2xtejevtB8IFjcI7mcbECVA/pD7FSCrL1U8Nwx4gCW9cW9B+gCqPJ+nx5ZTva7O2Ybh62ayaE8FFsHIog1wNV/+2exFOAhJKzJAQXcuMpZMhLilmZFSyE0FihIeoT7oKQxQQ4WSTs0bwSDk96EdcvVDCift3IkOBEGngqc4AyYGYr43N/2rdRPoXTkbDOJEkxNNFfsKgjOA4I9ijnGDJUgUIc6r+CvEAcYSlSrKkQrDmT16EVq1qmVXrtlaun+VxFMEBOAQVYIFzUAfXoAGaAIMn8ALewLv2rL1qH9rntLWg5TP7YEba1y+Ql50N</latexit><latexit sha1_base64="aqWwB9NQ67uHLyXuEH4o8mLV3Nk=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAjVNCSFEQ3QsGNCxcV7AWaGCbTSTt0cmFmIobQp3Djq7hxoYhbcefbOG2zsK0/DHz85xzOnN+LGRXSNH+0wtLyyupacb20sbm1vaPv7rVElHBMmjhiEe94SBBGQ9KUVDLSiTlBgcdI2xtejevtB8IFjcI7mcbECVA/pD7FSCrL1U8Nwx4gCW9cW9B+gCqPJ+nx5ZTva7O2Ybh62ayaE8FFsHIog1wNV/+2exFOAhJKzJAQXcuMpZMhLilmZFSyE0FihIeoT7oKQxQQ4WSTs0bwSDk96EdcvVDCift3IkOBEGngqc4AyYGYr43N/2rdRPoXTkbDOJEkxNNFfsKgjOA4I9ijnGDJUgUIc6r+CvEAcYSlSrKkQrDmT16EVq1qmVXrtlaun+VxFMEBOAQVYIFzUAfXoAGaAIMn8ALewLv2rL1qH9rntLWg5TP7YEba1y+Ql50N</latexit><latexit sha1_base64="aqWwB9NQ67uHLyXuEH4o8mLV3Nk=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAjVNCSFEQ3QsGNCxcV7AWaGCbTSTt0cmFmIobQp3Djq7hxoYhbcefbOG2zsK0/DHz85xzOnN+LGRXSNH+0wtLyyupacb20sbm1vaPv7rVElHBMmjhiEe94SBBGQ9KUVDLSiTlBgcdI2xtejevtB8IFjcI7mcbECVA/pD7FSCrL1U8Nwx4gCW9cW9B+gCqPJ+nx5ZTva7O2Ybh62ayaE8FFsHIog1wNV/+2exFOAhJKzJAQXcuMpZMhLilmZFSyE0FihIeoT7oKQxQQ4WSTs0bwSDk96EdcvVDCift3IkOBEGngqc4AyYGYr43N/2rdRPoXTkbDOJEkxNNFfsKgjOA4I9ijnGDJUgUIc6r+CvEAcYSlSrKkQrDmT16EVq1qmVXrtlaun+VxFMEBOAQVYIFzUAfXoAGaAIMn8ALewLv2rL1qH9rntLWg5TP7YEba1y+Ql50N</latexit>

σa = 1
<latexit sha1_base64="n9AAR8HtSp4cFGpVWZejV/uhkMo=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BLuCp7JbEL0IBS8eK9gPaNcym2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NJxqghtkpjHqhOCppxJ2jTMcNpJFAURctoOxzczv/1IlWaxvDeThAYChpJFjICx0oPr9jQbCujDte+6/XLFq3pz4FXi56SCcjT65a/eICapoNIQDlp3fS8xQQbKMMLptNRLNU2AjGFIu5ZKEFQH2fzqKT6zygBHsbIlDZ6rvycyEFpPRGg7BZiRXvZm4n9eNzXRVZAxmaSGSrJYFKUcmxjPIsADpigxfGIJEMXsrZiMQAExNqiSDcFffnmVtGpV36v6d7VK/SKPo4hO0Ck6Rz66RHV0ixqoiQhS6Bm9ojfnyXlx3p2PRWvByWeO0R84nz96YJEi</latexit><latexit sha1_base64="n9AAR8HtSp4cFGpVWZejV/uhkMo=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BLuCp7JbEL0IBS8eK9gPaNcym2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NJxqghtkpjHqhOCppxJ2jTMcNpJFAURctoOxzczv/1IlWaxvDeThAYChpJFjICx0oPr9jQbCujDte+6/XLFq3pz4FXi56SCcjT65a/eICapoNIQDlp3fS8xQQbKMMLptNRLNU2AjGFIu5ZKEFQH2fzqKT6zygBHsbIlDZ6rvycyEFpPRGg7BZiRXvZm4n9eNzXRVZAxmaSGSrJYFKUcmxjPIsADpigxfGIJEMXsrZiMQAExNqiSDcFffnmVtGpV36v6d7VK/SKPo4hO0Ck6Rz66RHV0ixqoiQhS6Bm9ojfnyXlx3p2PRWvByWeO0R84nz96YJEi</latexit><latexit sha1_base64="n9AAR8HtSp4cFGpVWZejV/uhkMo=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BLuCp7JbEL0IBS8eK9gPaNcym2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NJxqghtkpjHqhOCppxJ2jTMcNpJFAURctoOxzczv/1IlWaxvDeThAYChpJFjICx0oPr9jQbCujDte+6/XLFq3pz4FXi56SCcjT65a/eICapoNIQDlp3fS8xQQbKMMLptNRLNU2AjGFIu5ZKEFQH2fzqKT6zygBHsbIlDZ6rvycyEFpPRGg7BZiRXvZm4n9eNzXRVZAxmaSGSrJYFKUcmxjPIsADpigxfGIJEMXsrZiMQAExNqiSDcFffnmVtGpV36v6d7VK/SKPo4hO0Ck6Rz66RHV0ixqoiQhS6Bm9ojfnyXlx3p2PRWvByWeO0R84nz96YJEi</latexit><latexit sha1_base64="n9AAR8HtSp4cFGpVWZejV/uhkMo=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BLuCp7JbEL0IBS8eK9gPaNcym2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NJxqghtkpjHqhOCppxJ2jTMcNpJFAURctoOxzczv/1IlWaxvDeThAYChpJFjICx0oPr9jQbCujDte+6/XLFq3pz4FXi56SCcjT65a/eICapoNIQDlp3fS8xQQbKMMLptNRLNU2AjGFIu5ZKEFQH2fzqKT6zygBHsbIlDZ6rvycyEFpPRGg7BZiRXvZm4n9eNzXRVZAxmaSGSrJYFKUcmxjPIsADpigxfGIJEMXsrZiMQAExNqiSDcFffnmVtGpV36v6d7VK/SKPo4hO0Ck6Rz66RHV0ixqoiQhS6Bm9ojfnyXlx3p2PRWvByWeO0R84nz96YJEi</latexit>

σb = κσa
<latexit sha1_base64="gK79iEIDcmYPJNOSbFPz7jlEG84=">AAACBnicbVBNS8NAEN3Ur1q/oh5FCDaCBylJQfQiFLx4rGA/oAlhst20SzfJsrsRSujJi3/FiwdFvPobvPlv3LY5aOuDgcd7M8zMCzmjUjnOt1FaWV1b3yhvVra2d3b3zP2DtkwzgUkLpywV3RAkYTQhLUUVI10uCMQhI51wdDP1Ow9ESJom92rMiR/DIKERxaC0FJjHtu1JOoghCK+9EXAO3nkhgG0HZtWpOTNYy8QtSBUVaAbml9dPcRaTRGEGUvZchys/B6EoZmRS8TJJOOARDEhP0wRiIv189sbEOtVK34pSoStR1kz9PZFDLOU4DnVnDGooF72p+J/Xy1R05ec04ZkiCZ4vijJmqdSaZmL1qSBYsbEmgAXVt1p4CAKw0slVdAju4svLpF2vuU7NvatXGxdFHGV0hE7QGXLRJWqgW9RELYTRI3pGr+jNeDJejHfjY95aMoqZQ/QHxucPjiqX1w==</latexit><latexit sha1_base64="gK79iEIDcmYPJNOSbFPz7jlEG84=">AAACBnicbVBNS8NAEN3Ur1q/oh5FCDaCBylJQfQiFLx4rGA/oAlhst20SzfJsrsRSujJi3/FiwdFvPobvPlv3LY5aOuDgcd7M8zMCzmjUjnOt1FaWV1b3yhvVra2d3b3zP2DtkwzgUkLpywV3RAkYTQhLUUVI10uCMQhI51wdDP1Ow9ESJom92rMiR/DIKERxaC0FJjHtu1JOoghCK+9EXAO3nkhgG0HZtWpOTNYy8QtSBUVaAbml9dPcRaTRGEGUvZchys/B6EoZmRS8TJJOOARDEhP0wRiIv189sbEOtVK34pSoStR1kz9PZFDLOU4DnVnDGooF72p+J/Xy1R05ec04ZkiCZ4vijJmqdSaZmL1qSBYsbEmgAXVt1p4CAKw0slVdAju4svLpF2vuU7NvatXGxdFHGV0hE7QGXLRJWqgW9RELYTRI3pGr+jNeDJejHfjY95aMoqZQ/QHxucPjiqX1w==</latexit><latexit sha1_base64="gK79iEIDcmYPJNOSbFPz7jlEG84=">AAACBnicbVBNS8NAEN3Ur1q/oh5FCDaCBylJQfQiFLx4rGA/oAlhst20SzfJsrsRSujJi3/FiwdFvPobvPlv3LY5aOuDgcd7M8zMCzmjUjnOt1FaWV1b3yhvVra2d3b3zP2DtkwzgUkLpywV3RAkYTQhLUUVI10uCMQhI51wdDP1Ow9ESJom92rMiR/DIKERxaC0FJjHtu1JOoghCK+9EXAO3nkhgG0HZtWpOTNYy8QtSBUVaAbml9dPcRaTRGEGUvZchys/B6EoZmRS8TJJOOARDEhP0wRiIv189sbEOtVK34pSoStR1kz9PZFDLOU4DnVnDGooF72p+J/Xy1R05ec04ZkiCZ4vijJmqdSaZmL1qSBYsbEmgAXVt1p4CAKw0slVdAju4svLpF2vuU7NvatXGxdFHGV0hE7QGXLRJWqgW9RELYTRI3pGr+jNeDJejHfjY95aMoqZQ/QHxucPjiqX1w==</latexit><latexit sha1_base64="gK79iEIDcmYPJNOSbFPz7jlEG84=">AAACBnicbVBNS8NAEN3Ur1q/oh5FCDaCBylJQfQiFLx4rGA/oAlhst20SzfJsrsRSujJi3/FiwdFvPobvPlv3LY5aOuDgcd7M8zMCzmjUjnOt1FaWV1b3yhvVra2d3b3zP2DtkwzgUkLpywV3RAkYTQhLUUVI10uCMQhI51wdDP1Ow9ESJom92rMiR/DIKERxaC0FJjHtu1JOoghCK+9EXAO3nkhgG0HZtWpOTNYy8QtSBUVaAbml9dPcRaTRGEGUvZchys/B6EoZmRS8TJJOOARDEhP0wRiIv189sbEOtVK34pSoStR1kz9PZFDLOU4DnVnDGooF72p+J/Xy1R05ec04ZkiCZ4vijJmqdSaZmL1qSBYsbEmgAXVt1p4CAKw0slVdAju4svLpF2vuU7NvatXGxdFHGV0hE7QGXLRJWqgW9RELYTRI3pGr+jNeDJejHfjY95aMoqZQ/QHxucPjiqX1w==</latexit>

DoGσ,κ(x, y) = Gb(x, y)−Ga(x, y)
<latexit sha1_base64="Dtj9ZCBfFuKwE/fLX/PtZovc+XQ="></latexit><latexit sha1_base64="Dtj9ZCBfFuKwE/fLX/PtZovc+XQ="></latexit><latexit sha1_base64="Dtj9ZCBfFuKwE/fLX/PtZovc+XQ="></latexit><latexit sha1_base64="Dtj9ZCBfFuKwE/fLX/PtZovc+XQ="></latexit>



Construcción del espacio de escalas

• Los puntos de interés se buscan como 
extremos locales en el espacio de DoG sobre 
múltiples escalas. 

• Se construye un espacio de escalas como una 
sucesión de la aplicación del operador LoG/
DoG sobre la imagen de entrada. 

• Un espacio de escalas Gaussiano es un vector 
de imágenes compuesto por versiones de la 
imagen de entrada convolucionado con 
gaussianas de varianza creciente. 

• En la implementación la relación entre dos 
escalas consecutivas viene dada por 

• Q define una octava (cada Q escalas se 

duplica).

(I ∗Gσ1
) ∗Gσ2

= I ∗Gσ1,2
<latexit sha1_base64="liYmIHVZyIGsdHtgerTbjjtzW60=">AAACHXicbVDLSsNAFJ3UV62vqEs3wUaoIiUTFN0IBRfqroJ9QBvCZDpph04ezEyEEvIjbvwVNy4UceFG/BunbRa19cCFM+fcy9x7vJhRIS3rRyssLa+srhXXSxubW9s7+u5eU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS84fXYbz0SLmgUPshRTJwA9UPqU4ykklz9zDQrdyc3btoVtB8gF2bHMy87u5o1U3hqZ5lpunrZqloTGIsE5qQMctRd/avbi3ASkFBihoToQCuWToq4pJiRrNRNBIkRHqI+6SgaooAIJ51clxlHSukZfsRVhdKYqLMTKQqEGAWe6gyQHIh5byz+53US6V86KQ3jRJIQTz/yE2bIyBhHZfQoJ1iykSIIc6p2NfAAcYSlCrSkQoDzJy+Spl2FVhXe2+XaeR5HERyAQ1ABEFyAGrgFddAAGDyBF/AG3rVn7VX70D6nrQUtn9kHf6B9/wIFPJ/6</latexit><latexit sha1_base64="liYmIHVZyIGsdHtgerTbjjtzW60=">AAACHXicbVDLSsNAFJ3UV62vqEs3wUaoIiUTFN0IBRfqroJ9QBvCZDpph04ezEyEEvIjbvwVNy4UceFG/BunbRa19cCFM+fcy9x7vJhRIS3rRyssLa+srhXXSxubW9s7+u5eU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS84fXYbz0SLmgUPshRTJwA9UPqU4ykklz9zDQrdyc3btoVtB8gF2bHMy87u5o1U3hqZ5lpunrZqloTGIsE5qQMctRd/avbi3ASkFBihoToQCuWToq4pJiRrNRNBIkRHqI+6SgaooAIJ51clxlHSukZfsRVhdKYqLMTKQqEGAWe6gyQHIh5byz+53US6V86KQ3jRJIQTz/yE2bIyBhHZfQoJ1iykSIIc6p2NfAAcYSlCrSkQoDzJy+Spl2FVhXe2+XaeR5HERyAQ1ABEFyAGrgFddAAGDyBF/AG3rVn7VX70D6nrQUtn9kHf6B9/wIFPJ/6</latexit><latexit sha1_base64="liYmIHVZyIGsdHtgerTbjjtzW60=">AAACHXicbVDLSsNAFJ3UV62vqEs3wUaoIiUTFN0IBRfqroJ9QBvCZDpph04ezEyEEvIjbvwVNy4UceFG/BunbRa19cCFM+fcy9x7vJhRIS3rRyssLa+srhXXSxubW9s7+u5eU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS84fXYbz0SLmgUPshRTJwA9UPqU4ykklz9zDQrdyc3btoVtB8gF2bHMy87u5o1U3hqZ5lpunrZqloTGIsE5qQMctRd/avbi3ASkFBihoToQCuWToq4pJiRrNRNBIkRHqI+6SgaooAIJ51clxlHSukZfsRVhdKYqLMTKQqEGAWe6gyQHIh5byz+53US6V86KQ3jRJIQTz/yE2bIyBhHZfQoJ1iykSIIc6p2NfAAcYSlCrSkQoDzJy+Spl2FVhXe2+XaeR5HERyAQ1ABEFyAGrgFddAAGDyBF/AG3rVn7VX70D6nrQUtn9kHf6B9/wIFPJ/6</latexit><latexit sha1_base64="liYmIHVZyIGsdHtgerTbjjtzW60=">AAACHXicbVDLSsNAFJ3UV62vqEs3wUaoIiUTFN0IBRfqroJ9QBvCZDpph04ezEyEEvIjbvwVNy4UceFG/BunbRa19cCFM+fcy9x7vJhRIS3rRyssLa+srhXXSxubW9s7+u5eU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS84fXYbz0SLmgUPshRTJwA9UPqU4ykklz9zDQrdyc3btoVtB8gF2bHMy87u5o1U3hqZ5lpunrZqloTGIsE5qQMctRd/avbi3ASkFBihoToQCuWToq4pJiRrNRNBIkRHqI+6SgaooAIJ51clxlHSukZfsRVhdKYqLMTKQqEGAWe6gyQHIh5byz+53US6V86KQ3jRJIQTz/yE2bIyBhHZfQoJ1iykSIIc6p2NfAAcYSlCrSkQoDzJy+Spl2FVhXe2+XaeR5HERyAQ1ABEFyAGrgFddAAGDyBF/AG3rVn7VX70D6nrQUtn9kHf6B9/wIFPJ/6</latexit>

σ1,2 =

p

σ1
2 + σ2

2

<latexit sha1_base64="UezR0nYw5fwKq5P2tAV67z2kkXo=">AAACHHicbVDLSsNAFJ34rPUVdekm2AiCUjIR0Y1QcOOygn1AE8NkOmmHTh7OTIQS8iFu/BU3LhRx40Lwb5y2KWjrgYFzz7mXO/f4CaNCWta3trC4tLyyWlorr29sbm3rO7tNEacckwaOWczbPhKE0Yg0JJWMtBNOUOgz0vIHVyO/9UC4oHF0K4cJcUPUi2hAMZJK8vRT08wcQXsh8jJ4Yuf5pSPuucymIszv7ONpYasiN01Pr1hVawxjnsCCVECBuqd/Ot0YpyGJJGZIiA60EulmiEuKGcnLTipIgvAA9UhH0QiFRLjZ+LjcOFRK1whirl4kjbH6eyJDoRDD0FedIZJ9MeuNxP+8TiqDCzejUZJKEuHJoiBlhoyNUVJGl3KCJRsqgjCn6q8G7iOOsFR5llUIcPbkedK0q9Cqwhu7Ujsr4iiBfXAAjgAE56AGrkEdNAAGj+AZvII37Ul70d61j0nrglbM7IE/0L5+AKZUoQY=</latexit><latexit sha1_base64="UezR0nYw5fwKq5P2tAV67z2kkXo=">AAACHHicbVDLSsNAFJ34rPUVdekm2AiCUjIR0Y1QcOOygn1AE8NkOmmHTh7OTIQS8iFu/BU3LhRx40Lwb5y2KWjrgYFzz7mXO/f4CaNCWta3trC4tLyyWlorr29sbm3rO7tNEacckwaOWczbPhKE0Yg0JJWMtBNOUOgz0vIHVyO/9UC4oHF0K4cJcUPUi2hAMZJK8vRT08wcQXsh8jJ4Yuf5pSPuucymIszv7ONpYasiN01Pr1hVawxjnsCCVECBuqd/Ot0YpyGJJGZIiA60EulmiEuKGcnLTipIgvAA9UhH0QiFRLjZ+LjcOFRK1whirl4kjbH6eyJDoRDD0FedIZJ9MeuNxP+8TiqDCzejUZJKEuHJoiBlhoyNUVJGl3KCJRsqgjCn6q8G7iOOsFR5llUIcPbkedK0q9Cqwhu7Ujsr4iiBfXAAjgAE56AGrkEdNAAGj+AZvII37Ul70d61j0nrglbM7IE/0L5+AKZUoQY=</latexit><latexit sha1_base64="UezR0nYw5fwKq5P2tAV67z2kkXo=">AAACHHicbVDLSsNAFJ34rPUVdekm2AiCUjIR0Y1QcOOygn1AE8NkOmmHTh7OTIQS8iFu/BU3LhRx40Lwb5y2KWjrgYFzz7mXO/f4CaNCWta3trC4tLyyWlorr29sbm3rO7tNEacckwaOWczbPhKE0Yg0JJWMtBNOUOgz0vIHVyO/9UC4oHF0K4cJcUPUi2hAMZJK8vRT08wcQXsh8jJ4Yuf5pSPuucymIszv7ONpYasiN01Pr1hVawxjnsCCVECBuqd/Ot0YpyGJJGZIiA60EulmiEuKGcnLTipIgvAA9UhH0QiFRLjZ+LjcOFRK1whirl4kjbH6eyJDoRDD0FedIZJ9MeuNxP+8TiqDCzejUZJKEuHJoiBlhoyNUVJGl3KCJRsqgjCn6q8G7iOOsFR5llUIcPbkedK0q9Cqwhu7Ujsr4iiBfXAAjgAE56AGrkEdNAAGj+AZvII37Ul70d61j0nrglbM7IE/0L5+AKZUoQY=</latexit><latexit sha1_base64="UezR0nYw5fwKq5P2tAV67z2kkXo=">AAACHHicbVDLSsNAFJ34rPUVdekm2AiCUjIR0Y1QcOOygn1AE8NkOmmHTh7OTIQS8iFu/BU3LhRx40Lwb5y2KWjrgYFzz7mXO/f4CaNCWta3trC4tLyyWlorr29sbm3rO7tNEacckwaOWczbPhKE0Yg0JJWMtBNOUOgz0vIHVyO/9UC4oHF0K4cJcUPUi2hAMZJK8vRT08wcQXsh8jJ4Yuf5pSPuucymIszv7ONpYasiN01Pr1hVawxjnsCCVECBuqd/Ot0YpyGJJGZIiA60EulmiEuKGcnLTipIgvAA9UhH0QiFRLjZ+LjcOFRK1whirl4kjbH6eyJDoRDD0FedIZJ9MeuNxP+8TiqDCzejUZJKEuHJoiBlhoyNUVJGl3KCJRsqgjCn6q8G7iOOsFR5llUIcPbkedK0q9Cqwhu7Ujsr4iiBfXAAjgAE56AGrkEdNAAGj+AZvII37Ul70d61j0nrglbM7IE/0L5+AKZUoQY=</latexit>

donde

∆σ =
σm+1

σm
= 2

1/Q

<latexit sha1_base64="4x0yfyMeiQss2obzCioBi7iKdGU=">AAACInicbVDLSsNAFJ3UV62vqEs3wUYQhJoURF0UCrpw2YJ9QBPDZDpph84kYWYilJBvceOvuHGhqCvBj3HaBtTWAwPnnnMvd+7xY0qEtKxPrbC0vLK6VlwvbWxube/ou3ttESUc4RaKaMS7PhSYkhC3JJEUd2OOIfMp7vijq4nfucdckCi8leMYuwwOQhIQBKWSPP3SNJ1rTCX0HEEGDNacgEOUzgovZSd2lv1UWVar3qX2aTMzTU8vWxVrCmOR2DkpgxwNT393+hFKGA4lolCInm3F0k0hlwRRnJWcROAYohEc4J6iIWRYuOn0xMw4UkrfCCKuXiiNqfp7IoVMiDHzVSeDcijmvYn4n9dLZHDhpiSME4lDNFsUJNSQkTHJy+gTjpGkY0Ug4kT91UBDqDKSKtWSCsGeP3mRtKsV26rYzWq5fpbHUQQH4BAcAxucgzq4AQ3QAgg8gCfwAl61R+1Ze9M+Zq0FLZ/ZB3+gfX0D5raj0Q==</latexit><latexit sha1_base64="4x0yfyMeiQss2obzCioBi7iKdGU=">AAACInicbVDLSsNAFJ3UV62vqEs3wUYQhJoURF0UCrpw2YJ9QBPDZDpph84kYWYilJBvceOvuHGhqCvBj3HaBtTWAwPnnnMvd+7xY0qEtKxPrbC0vLK6VlwvbWxube/ou3ttESUc4RaKaMS7PhSYkhC3JJEUd2OOIfMp7vijq4nfucdckCi8leMYuwwOQhIQBKWSPP3SNJ1rTCX0HEEGDNacgEOUzgovZSd2lv1UWVar3qX2aTMzTU8vWxVrCmOR2DkpgxwNT393+hFKGA4lolCInm3F0k0hlwRRnJWcROAYohEc4J6iIWRYuOn0xMw4UkrfCCKuXiiNqfp7IoVMiDHzVSeDcijmvYn4n9dLZHDhpiSME4lDNFsUJNSQkTHJy+gTjpGkY0Ug4kT91UBDqDKSKtWSCsGeP3mRtKsV26rYzWq5fpbHUQQH4BAcAxucgzq4AQ3QAgg8gCfwAl61R+1Ze9M+Zq0FLZ/ZB3+gfX0D5raj0Q==</latexit><latexit sha1_base64="4x0yfyMeiQss2obzCioBi7iKdGU=">AAACInicbVDLSsNAFJ3UV62vqEs3wUYQhJoURF0UCrpw2YJ9QBPDZDpph84kYWYilJBvceOvuHGhqCvBj3HaBtTWAwPnnnMvd+7xY0qEtKxPrbC0vLK6VlwvbWxube/ou3ttESUc4RaKaMS7PhSYkhC3JJEUd2OOIfMp7vijq4nfucdckCi8leMYuwwOQhIQBKWSPP3SNJ1rTCX0HEEGDNacgEOUzgovZSd2lv1UWVar3qX2aTMzTU8vWxVrCmOR2DkpgxwNT393+hFKGA4lolCInm3F0k0hlwRRnJWcROAYohEc4J6iIWRYuOn0xMw4UkrfCCKuXiiNqfp7IoVMiDHzVSeDcijmvYn4n9dLZHDhpiSME4lDNFsUJNSQkTHJy+gTjpGkY0Ug4kT91UBDqDKSKtWSCsGeP3mRtKsV26rYzWq5fpbHUQQH4BAcAxucgzq4AQ3QAgg8gCfwAl61R+1Ze9M+Zq0FLZ/ZB3+gfX0D5raj0Q==</latexit><latexit sha1_base64="4x0yfyMeiQss2obzCioBi7iKdGU=">AAACInicbVDLSsNAFJ3UV62vqEs3wUYQhJoURF0UCrpw2YJ9QBPDZDpph84kYWYilJBvceOvuHGhqCvBj3HaBtTWAwPnnnMvd+7xY0qEtKxPrbC0vLK6VlwvbWxube/ou3ttESUc4RaKaMS7PhSYkhC3JJEUd2OOIfMp7vijq4nfucdckCi8leMYuwwOQhIQBKWSPP3SNJ1rTCX0HEEGDNacgEOUzgovZSd2lv1UWVar3qX2aTMzTU8vWxVrCmOR2DkpgxwNT393+hFKGA4lolCInm3F0k0hlwRRnJWcROAYohEc4J6iIWRYuOn0xMw4UkrfCCKuXiiNqfp7IoVMiDHzVSeDcijmvYn4n9dLZHDhpiSME4lDNFsUJNSQkTHJy+gTjpGkY0Ug4kT91UBDqDKSKtWSCsGeP3mRtKsV26rYzWq5fpbHUQQH4BAcAxucgzq4AQ3QAgg8gCfwAl61R+1Ze9M+Zq0FLZ/ZB3+gfX0D5raj0Q==</latexit>

G = (G0,G1, . . . ,GM−1)
<latexit sha1_base64="6KGfHOf9l0/NBtuiIRin3SB37Jw=">AAACLXicbVDLSgMxFM3UV62vUZdugq1QQctMQXQjFBR0I1SwD2iHkkkzNTTzILkjlqE/5MZfEcFFRdz6G6YPsA8PBM49594k97iR4Aosa2CklpZXVtfS65mNza3tHXN3r6rCWFJWoaEIZd0ligkesApwEKweSUZ8V7Ca270a+rUnJhUPgwfoRczxSSfgHqcEtNQyr3O5JrBnUF5y07/M//GWdYKnKltX7RDUjJjcndr941yuZWatgjUCXiT2hGTRBOWW+a4vo7HPAqCCKNWwrQichEjgVLB+phkrFhHaJR3W0DQgPlNOMtq2j4+00sZeKPUJAI/U6YmE+Er1fFd3+gQe1bw3FP/zGjF4F07CgygGFtDxQ14sMIR4GB1uc8koiJ4mhEqu/4rpI5GEgg44o0Ow51deJNViwbYK9n0xWzqbxJFGB+gQ5ZGNzlEJ3aIyqiCKXtAbGqBP49X4ML6M73FrypjM7KMZGD+/LdOnYQ==</latexit><latexit sha1_base64="6KGfHOf9l0/NBtuiIRin3SB37Jw=">AAACLXicbVDLSgMxFM3UV62vUZdugq1QQctMQXQjFBR0I1SwD2iHkkkzNTTzILkjlqE/5MZfEcFFRdz6G6YPsA8PBM49594k97iR4Aosa2CklpZXVtfS65mNza3tHXN3r6rCWFJWoaEIZd0ligkesApwEKweSUZ8V7Ca270a+rUnJhUPgwfoRczxSSfgHqcEtNQyr3O5JrBnUF5y07/M//GWdYKnKltX7RDUjJjcndr941yuZWatgjUCXiT2hGTRBOWW+a4vo7HPAqCCKNWwrQichEjgVLB+phkrFhHaJR3W0DQgPlNOMtq2j4+00sZeKPUJAI/U6YmE+Er1fFd3+gQe1bw3FP/zGjF4F07CgygGFtDxQ14sMIR4GB1uc8koiJ4mhEqu/4rpI5GEgg44o0Ow51deJNViwbYK9n0xWzqbxJFGB+gQ5ZGNzlEJ3aIyqiCKXtAbGqBP49X4ML6M73FrypjM7KMZGD+/LdOnYQ==</latexit><latexit sha1_base64="6KGfHOf9l0/NBtuiIRin3SB37Jw=">AAACLXicbVDLSgMxFM3UV62vUZdugq1QQctMQXQjFBR0I1SwD2iHkkkzNTTzILkjlqE/5MZfEcFFRdz6G6YPsA8PBM49594k97iR4Aosa2CklpZXVtfS65mNza3tHXN3r6rCWFJWoaEIZd0ligkesApwEKweSUZ8V7Ca270a+rUnJhUPgwfoRczxSSfgHqcEtNQyr3O5JrBnUF5y07/M//GWdYKnKltX7RDUjJjcndr941yuZWatgjUCXiT2hGTRBOWW+a4vo7HPAqCCKNWwrQichEjgVLB+phkrFhHaJR3W0DQgPlNOMtq2j4+00sZeKPUJAI/U6YmE+Er1fFd3+gQe1bw3FP/zGjF4F07CgygGFtDxQ14sMIR4GB1uc8koiJ4mhEqu/4rpI5GEgg44o0Ow51deJNViwbYK9n0xWzqbxJFGB+gQ5ZGNzlEJ3aIyqiCKXtAbGqBP49X4ML6M73FrypjM7KMZGD+/LdOnYQ==</latexit><latexit sha1_base64="6KGfHOf9l0/NBtuiIRin3SB37Jw=">AAACLXicbVDLSgMxFM3UV62vUZdugq1QQctMQXQjFBR0I1SwD2iHkkkzNTTzILkjlqE/5MZfEcFFRdz6G6YPsA8PBM49594k97iR4Aosa2CklpZXVtfS65mNza3tHXN3r6rCWFJWoaEIZd0ligkesApwEKweSUZ8V7Ca270a+rUnJhUPgwfoRczxSSfgHqcEtNQyr3O5JrBnUF5y07/M//GWdYKnKltX7RDUjJjcndr941yuZWatgjUCXiT2hGTRBOWW+a4vo7HPAqCCKNWwrQichEjgVLB+phkrFhHaJR3W0DQgPlNOMtq2j4+00sZeKPUJAI/U6YmE+Er1fFd3+gQe1bw3FP/zGjF4F07CgygGFtDxQ14sMIR4GB1uc8koiJ4mhEqu/4rpI5GEgg44o0Ow51deJNViwbYK9n0xWzqbxJFGB+gQ5ZGNzlEJ3aIyqiCKXtAbGqBP49X4ML6M73FrypjM7KMZGD+/LdOnYQ==</latexit>

Gm = I ∗Gσm
<latexit sha1_base64="gY194GNQf4LkXSmIq9I1q+jx2T4=">AAACCHicbVDLSsNAFJ3UV62vqEsXBltBXJSkILoRCi6quwr2AU0Jk+mkHTqThJkbsYQs3fgrblwo4tZPcOffOH0stPXAhcM593LvPX7MmQLb/jZyS8srq2v59cLG5tb2jrm711RRIgltkIhHsu1jRTkLaQMYcNqOJcXC57TlD6/GfuueSsWi8A5GMe0K3A9ZwAgGLXnmYankAn0AFaS1zBOXN6c1L3UV6wvsiaxU8syiXbYnsBaJMyNFNEPdM7/cXkQSQUMgHCvVcewYuimWwAinWcFNFI0xGeI+7WgaYkFVN508klnHWulZQSR1hWBN1N8TKRZKjYSvOwWGgZr3xuJ/XieB4KKbsjBOgIZkuihIuAWRNU7F6jFJCfCRJphIpm+1yABLTEBnV9AhOPMvL5JmpezYZee2UqyezeLIowN0hE6Qg85RFV2jOmoggh7RM3pFb8aT8WK8Gx/T1pwxm9lHf2B8/gB6eJju</latexit><latexit sha1_base64="gY194GNQf4LkXSmIq9I1q+jx2T4=">AAACCHicbVDLSsNAFJ3UV62vqEsXBltBXJSkILoRCi6quwr2AU0Jk+mkHTqThJkbsYQs3fgrblwo4tZPcOffOH0stPXAhcM593LvPX7MmQLb/jZyS8srq2v59cLG5tb2jrm711RRIgltkIhHsu1jRTkLaQMYcNqOJcXC57TlD6/GfuueSsWi8A5GMe0K3A9ZwAgGLXnmYankAn0AFaS1zBOXN6c1L3UV6wvsiaxU8syiXbYnsBaJMyNFNEPdM7/cXkQSQUMgHCvVcewYuimWwAinWcFNFI0xGeI+7WgaYkFVN508klnHWulZQSR1hWBN1N8TKRZKjYSvOwWGgZr3xuJ/XieB4KKbsjBOgIZkuihIuAWRNU7F6jFJCfCRJphIpm+1yABLTEBnV9AhOPMvL5JmpezYZee2UqyezeLIowN0hE6Qg85RFV2jOmoggh7RM3pFb8aT8WK8Gx/T1pwxm9lHf2B8/gB6eJju</latexit><latexit sha1_base64="gY194GNQf4LkXSmIq9I1q+jx2T4=">AAACCHicbVDLSsNAFJ3UV62vqEsXBltBXJSkILoRCi6quwr2AU0Jk+mkHTqThJkbsYQs3fgrblwo4tZPcOffOH0stPXAhcM593LvPX7MmQLb/jZyS8srq2v59cLG5tb2jrm711RRIgltkIhHsu1jRTkLaQMYcNqOJcXC57TlD6/GfuueSsWi8A5GMe0K3A9ZwAgGLXnmYankAn0AFaS1zBOXN6c1L3UV6wvsiaxU8syiXbYnsBaJMyNFNEPdM7/cXkQSQUMgHCvVcewYuimWwAinWcFNFI0xGeI+7WgaYkFVN508klnHWulZQSR1hWBN1N8TKRZKjYSvOwWGgZr3xuJ/XieB4KKbsjBOgIZkuihIuAWRNU7F6jFJCfCRJphIpm+1yABLTEBnV9AhOPMvL5JmpezYZee2UqyezeLIowN0hE6Qg85RFV2jOmoggh7RM3pFb8aT8WK8Gx/T1pwxm9lHf2B8/gB6eJju</latexit><latexit sha1_base64="gY194GNQf4LkXSmIq9I1q+jx2T4=">AAACCHicbVDLSsNAFJ3UV62vqEsXBltBXJSkILoRCi6quwr2AU0Jk+mkHTqThJkbsYQs3fgrblwo4tZPcOffOH0stPXAhcM593LvPX7MmQLb/jZyS8srq2v59cLG5tb2jrm711RRIgltkIhHsu1jRTkLaQMYcNqOJcXC57TlD6/GfuueSsWi8A5GMe0K3A9ZwAgGLXnmYankAn0AFaS1zBOXN6c1L3UV6wvsiaxU8syiXbYnsBaJMyNFNEPdM7/cXkQSQUMgHCvVcewYuimWwAinWcFNFI0xGeI+7WgaYkFVN508klnHWulZQSR1hWBN1N8TKRZKjYSvOwWGgZr3xuJ/XieB4KKbsjBOgIZkuihIuAWRNU7F6jFJCfCRJphIpm+1yABLTEBnV9AhOPMvL5JmpezYZee2UqyezeLIowN0hE6Qg85RFV2jOmoggh7RM3pFb8aT8WK8Gx/T1pwxm9lHf2B8/gB6eJju</latexit>

donde

σm = σ0 ∆
m
σ

= σ0 2
1/Q

<latexit sha1_base64="nJiTCgY+HwlNRKsYxpD4nWfjpbA=">AAACJ3icbZDLSsNAFIYn9VbrLerSTbARXEhNCqIbpaALly3YCzRpmEwn7dCZJMxMhBLyNm58FTeCiujSN3HaRrDVAwMf/38OZ87vx5QIaVmfWmFpeWV1rbhe2tjc2t7Rd/daIko4wk0U0Yh3fCgwJSFuSiIp7sQcQ+ZT3PZH1xO/fY+5IFF4J8cxdhkchCQgCEolefqVaTqCDBj0UpZd/qCVOSfODaYSejOpx+a8ai+1TxuZaXp62apY0zL+gp1DGeRV9/QXpx+hhOFQIgqF6NpWLN0UckkQxVnJSQSOIRrBAe4qDCHDwk2nd2bGkVL6RhBx9UJpTNXfEylkQoyZrzoZlEOx6E3E/7xuIoMLNyVhnEgcotmiIKGGjIxJaEafcIwkHSuAiBP1VwMNIYdIqmhLKgR78eS/0KpWbKtiN6rl2lkeRxEcgENwDGxwDmrgFtRBEyDwAJ7AK3jTHrVn7V37mLUWtHxmH8yV9vUNB1ulUQ==</latexit><latexit sha1_base64="nJiTCgY+HwlNRKsYxpD4nWfjpbA=">AAACJ3icbZDLSsNAFIYn9VbrLerSTbARXEhNCqIbpaALly3YCzRpmEwn7dCZJMxMhBLyNm58FTeCiujSN3HaRrDVAwMf/38OZ87vx5QIaVmfWmFpeWV1rbhe2tjc2t7Rd/daIko4wk0U0Yh3fCgwJSFuSiIp7sQcQ+ZT3PZH1xO/fY+5IFF4J8cxdhkchCQgCEolefqVaTqCDBj0UpZd/qCVOSfODaYSejOpx+a8ai+1TxuZaXp62apY0zL+gp1DGeRV9/QXpx+hhOFQIgqF6NpWLN0UckkQxVnJSQSOIRrBAe4qDCHDwk2nd2bGkVL6RhBx9UJpTNXfEylkQoyZrzoZlEOx6E3E/7xuIoMLNyVhnEgcotmiIKGGjIxJaEafcIwkHSuAiBP1VwMNIYdIqmhLKgR78eS/0KpWbKtiN6rl2lkeRxEcgENwDGxwDmrgFtRBEyDwAJ7AK3jTHrVn7V37mLUWtHxmH8yV9vUNB1ulUQ==</latexit><latexit sha1_base64="nJiTCgY+HwlNRKsYxpD4nWfjpbA=">AAACJ3icbZDLSsNAFIYn9VbrLerSTbARXEhNCqIbpaALly3YCzRpmEwn7dCZJMxMhBLyNm58FTeCiujSN3HaRrDVAwMf/38OZ87vx5QIaVmfWmFpeWV1rbhe2tjc2t7Rd/daIko4wk0U0Yh3fCgwJSFuSiIp7sQcQ+ZT3PZH1xO/fY+5IFF4J8cxdhkchCQgCEolefqVaTqCDBj0UpZd/qCVOSfODaYSejOpx+a8ai+1TxuZaXp62apY0zL+gp1DGeRV9/QXpx+hhOFQIgqF6NpWLN0UckkQxVnJSQSOIRrBAe4qDCHDwk2nd2bGkVL6RhBx9UJpTNXfEylkQoyZrzoZlEOx6E3E/7xuIoMLNyVhnEgcotmiIKGGjIxJaEafcIwkHSuAiBP1VwMNIYdIqmhLKgR78eS/0KpWbKtiN6rl2lkeRxEcgENwDGxwDmrgFtRBEyDwAJ7AK3jTHrVn7V37mLUWtHxmH8yV9vUNB1ulUQ==</latexit><latexit sha1_base64="nJiTCgY+HwlNRKsYxpD4nWfjpbA=">AAACJ3icbZDLSsNAFIYn9VbrLerSTbARXEhNCqIbpaALly3YCzRpmEwn7dCZJMxMhBLyNm58FTeCiujSN3HaRrDVAwMf/38OZ87vx5QIaVmfWmFpeWV1rbhe2tjc2t7Rd/daIko4wk0U0Yh3fCgwJSFuSiIp7sQcQ+ZT3PZH1xO/fY+5IFF4J8cxdhkchCQgCEolefqVaTqCDBj0UpZd/qCVOSfODaYSejOpx+a8ai+1TxuZaXp62apY0zL+gp1DGeRV9/QXpx+hhOFQIgqF6NpWLN0UckkQxVnJSQSOIRrBAe4qDCHDwk2nd2bGkVL6RhBx9UJpTNXfEylkQoyZrzoZlEOx6E3E/7xuIoMLNyVhnEgcotmiIKGGjIxJaEafcIwkHSuAiBP1VwMNIYdIqmhLKgR78eS/0KpWbKtiN6rl2lkeRxEcgENwDGxwDmrgFtRBEyDwAJ7AK3jTHrVn7V37mLUWtHxmH8yV9vUNB1ulUQ==</latexit>

σ̂m =

√
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2
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=

√

σ
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0
· 22m/Q

− σ
2
s
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σ
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√

σ2
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= σ0 · 2

m/Q
·

√
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(Detalles muy cercanos a la implementación)



Construcción del espacio de escalas

• A partir del espacio de escalas 

Gaussiano se construye el espacio de 

escalas Laplaciano 

• Y su aproximación de DoG

L = (L0, L1, . . . , LM−1)
<latexit sha1_base64="RZHQDE/F+XqIvXqMJ9uG7c1Vy0g=">AAACLXicbVDLSgMxFM3UV62vUZdugq1QQctMQXQjFHThQqGCfUA7lEyaqaGZB8kdsQz9ITf+igguKuLW3zB9gH14IHDuOfcmuceNBFdgWQMjtbS8srqWXs9sbG5t75i7e1UVxpKyCg1FKOsuUUzwgFWAg2D1SDLiu4LV3O7V0K89Mal4GDxAL2KOTzoB9zgloKWWeZ3LNYE9g/KS2/5l/o+3rBM8Vdm6aoegZsTk7tTuH+dyLTNrFawR8CKxJySLJii3zHd9GY19FgAVRKmGbUXgJEQCp4L1M81YsYjQLumwhqYB8ZlyktG2fXyklTb2QqlPAHikTk8kxFeq57u60yfwqOa9ofif14jBu3ASHkQxsICOH/JigSHEw+hwm0tGQfQ0IVRy/VdMH4kkFHTAGR2CPb/yIqkWC7ZVsO+L2dLZJI40OkCHKI9sdI5K6AaVUQVR9ILe0AB9Gq/Gh/FlfI9bU8ZkZh/NwPj5BU7up3U=</latexit><latexit sha1_base64="RZHQDE/F+XqIvXqMJ9uG7c1Vy0g=">AAACLXicbVDLSgMxFM3UV62vUZdugq1QQctMQXQjFHThQqGCfUA7lEyaqaGZB8kdsQz9ITf+igguKuLW3zB9gH14IHDuOfcmuceNBFdgWQMjtbS8srqWXs9sbG5t75i7e1UVxpKyCg1FKOsuUUzwgFWAg2D1SDLiu4LV3O7V0K89Mal4GDxAL2KOTzoB9zgloKWWeZ3LNYE9g/KS2/5l/o+3rBM8Vdm6aoegZsTk7tTuH+dyLTNrFawR8CKxJySLJii3zHd9GY19FgAVRKmGbUXgJEQCp4L1M81YsYjQLumwhqYB8ZlyktG2fXyklTb2QqlPAHikTk8kxFeq57u60yfwqOa9ofif14jBu3ASHkQxsICOH/JigSHEw+hwm0tGQfQ0IVRy/VdMH4kkFHTAGR2CPb/yIqkWC7ZVsO+L2dLZJI40OkCHKI9sdI5K6AaVUQVR9ILe0AB9Gq/Gh/FlfI9bU8ZkZh/NwPj5BU7up3U=</latexit><latexit sha1_base64="RZHQDE/F+XqIvXqMJ9uG7c1Vy0g=">AAACLXicbVDLSgMxFM3UV62vUZdugq1QQctMQXQjFHThQqGCfUA7lEyaqaGZB8kdsQz9ITf+igguKuLW3zB9gH14IHDuOfcmuceNBFdgWQMjtbS8srqWXs9sbG5t75i7e1UVxpKyCg1FKOsuUUzwgFWAg2D1SDLiu4LV3O7V0K89Mal4GDxAL2KOTzoB9zgloKWWeZ3LNYE9g/KS2/5l/o+3rBM8Vdm6aoegZsTk7tTuH+dyLTNrFawR8CKxJySLJii3zHd9GY19FgAVRKmGbUXgJEQCp4L1M81YsYjQLumwhqYB8ZlyktG2fXyklTb2QqlPAHikTk8kxFeq57u60yfwqOa9ofif14jBu3ASHkQxsICOH/JigSHEw+hwm0tGQfQ0IVRy/VdMH4kkFHTAGR2CPb/yIqkWC7ZVsO+L2dLZJI40OkCHKI9sdI5K6AaVUQVR9ILe0AB9Gq/Gh/FlfI9bU8ZkZh/NwPj5BU7up3U=</latexit><latexit sha1_base64="RZHQDE/F+XqIvXqMJ9uG7c1Vy0g=">AAACLXicbVDLSgMxFM3UV62vUZdugq1QQctMQXQjFHThQqGCfUA7lEyaqaGZB8kdsQz9ITf+igguKuLW3zB9gH14IHDuOfcmuceNBFdgWQMjtbS8srqWXs9sbG5t75i7e1UVxpKyCg1FKOsuUUzwgFWAg2D1SDLiu4LV3O7V0K89Mal4GDxAL2KOTzoB9zgloKWWeZ3LNYE9g/KS2/5l/o+3rBM8Vdm6aoegZsTk7tTuH+dyLTNrFawR8CKxJySLJii3zHd9GY19FgAVRKmGbUXgJEQCp4L1M81YsYjQLumwhqYB8ZlyktG2fXyklTb2QqlPAHikTk8kxFeq57u60yfwqOa9ofif14jBu3ASHkQxsICOH/JigSHEw+hwm0tGQfQ0IVRy/VdMH4kkFHTAGR2CPb/yIqkWC7ZVsO+L2dLZJI40OkCHKI9sdI5K6AaVUQVR9ILe0AB9Gq/Gh/FlfI9bU8ZkZh/NwPj5BU7up3U=</latexit>

D = (D0,D1, . . . ,DM−1)
<latexit sha1_base64="JxDa09h9eEz2+orKw9tHvUm9IfU=">AAACLXicbVDLSgMxFM3UV62vqks3wVaooGWmILoRCnbhRqhgH9AOJZNmamjmQXJHLMP8kBt/RQQXFXHrb5g+wD48EDj3nHuT3OOEgiswzaGRWlldW99Ib2a2tnd297L7B3UVRJKyGg1EIJsOUUxwn9WAg2DNUDLiOYI1nP7NyG88Mal44D/AIGS2R3o+dzkloKVOtpLPt4E9g3LjSnJd+OMd8wzPVJauugGoOTG+O7eS03y+k82ZRXMMvEysKcmhKaqd7Lu+jEYe84EKolTLMkOwYyKBU8GSTDtSLCS0T3qspalPPKbseLxtgk+00sVuIPXxAY/V2YmYeEoNPEd3egQe1aI3Ev/zWhG4V3bM/TAC5tPJQ24kMAR4FB3ucskoiIEmhEqu/4rpI5GEgg44o0OwFldeJvVS0TKL1n0pV76YxpFGR+gYFZCFLlEZ3aIqqiGKXtAbGqJP49X4ML6M70lrypjOHKI5GD+/GfanVQ==</latexit><latexit sha1_base64="JxDa09h9eEz2+orKw9tHvUm9IfU=">AAACLXicbVDLSgMxFM3UV62vqks3wVaooGWmILoRCnbhRqhgH9AOJZNmamjmQXJHLMP8kBt/RQQXFXHrb5g+wD48EDj3nHuT3OOEgiswzaGRWlldW99Ib2a2tnd297L7B3UVRJKyGg1EIJsOUUxwn9WAg2DNUDLiOYI1nP7NyG88Mal44D/AIGS2R3o+dzkloKVOtpLPt4E9g3LjSnJd+OMd8wzPVJauugGoOTG+O7eS03y+k82ZRXMMvEysKcmhKaqd7Lu+jEYe84EKolTLMkOwYyKBU8GSTDtSLCS0T3qspalPPKbseLxtgk+00sVuIPXxAY/V2YmYeEoNPEd3egQe1aI3Ev/zWhG4V3bM/TAC5tPJQ24kMAR4FB3ucskoiIEmhEqu/4rpI5GEgg44o0OwFldeJvVS0TKL1n0pV76YxpFGR+gYFZCFLlEZ3aIqqiGKXtAbGqJP49X4ML6M70lrypjOHKI5GD+/GfanVQ==</latexit><latexit sha1_base64="JxDa09h9eEz2+orKw9tHvUm9IfU=">AAACLXicbVDLSgMxFM3UV62vqks3wVaooGWmILoRCnbhRqhgH9AOJZNmamjmQXJHLMP8kBt/RQQXFXHrb5g+wD48EDj3nHuT3OOEgiswzaGRWlldW99Ib2a2tnd297L7B3UVRJKyGg1EIJsOUUxwn9WAg2DNUDLiOYI1nP7NyG88Mal44D/AIGS2R3o+dzkloKVOtpLPt4E9g3LjSnJd+OMd8wzPVJauugGoOTG+O7eS03y+k82ZRXMMvEysKcmhKaqd7Lu+jEYe84EKolTLMkOwYyKBU8GSTDtSLCS0T3qspalPPKbseLxtgk+00sVuIPXxAY/V2YmYeEoNPEd3egQe1aI3Ev/zWhG4V3bM/TAC5tPJQ24kMAR4FB3ucskoiIEmhEqu/4rpI5GEgg44o0OwFldeJvVS0TKL1n0pV76YxpFGR+gYFZCFLlEZ3aIqqiGKXtAbGqJP49X4ML6M70lrypjOHKI5GD+/GfanVQ==</latexit><latexit sha1_base64="JxDa09h9eEz2+orKw9tHvUm9IfU=">AAACLXicbVDLSgMxFM3UV62vqks3wVaooGWmILoRCnbhRqhgH9AOJZNmamjmQXJHLMP8kBt/RQQXFXHrb5g+wD48EDj3nHuT3OOEgiswzaGRWlldW99Ib2a2tnd297L7B3UVRJKyGg1EIJsOUUxwn9WAg2DNUDLiOYI1nP7NyG88Mal44D/AIGS2R3o+dzkloKVOtpLPt4E9g3LjSnJd+OMd8wzPVJauugGoOTG+O7eS03y+k82ZRXMMvEysKcmhKaqd7Lu+jEYe84EKolTLMkOwYyKBU8GSTDtSLCS0T3qspalPPKbseLxtgk+00sVuIPXxAY/V2YmYeEoNPEd3egQe1aI3Ev/zWhG4V3bM/TAC5tPJQ24kMAR4FB3ucskoiIEmhEqu/4rpI5GEgg44o0OwFldeJvVS0TKL1n0pV76YxpFGR+gYFZCFLlEZ3aIqqiGKXtAbGqJP49X4ML6M70lrypjOHKI5GD+/GfanVQ==</latexit>

Dm = κ̂ (Gm+1 − Gm) ≈ Lm
<latexit sha1_base64="SeYsJ5u/Ez5CaRv8DTdFcXMaQoM="></latexit><latexit sha1_base64="SeYsJ5u/Ez5CaRv8DTdFcXMaQoM="></latexit><latexit sha1_base64="SeYsJ5u/Ez5CaRv8DTdFcXMaQoM="></latexit><latexit sha1_base64="SeYsJ5u/Ez5CaRv8DTdFcXMaQoM="></latexit>



Construcción del espacio de escalas

• Cada Q escalas se duplica la escala por 

lo que se reduce el ancho de banda a la 

mitad, y puede submuestrear la imagen 

sin perder información. 

• Se define espacio de escalas Gaussiano 

jerárquico con Q+1 escalas por octava.

Q = 3
<latexit sha1_base64="hAZnNcvNKhn3Dmeg1jm7i8wPAME=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BLuCp7JbEb0IBS8eW7Af0C4lm2bb0Gx2SbJCWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvCARXBvX/UaFjc2t7Z3ibmlv/+DwqHx80tZxqihr0VjEqhsQzQSXrGW4EaybKEaiQLBOMLmf+50npjSP5aOZJsyPyEjykFNirNRxnObdleMMyhW36i6A14mXkwrkaAzKX/1hTNOISUMF0brnuYnxM6IMp4LNSv1Us4TQCRmxnqWSREz72eLcGb6wyhCHsbIlDV6ovycyEmk9jQLbGREz1qveXPzP66UmvPUzLpPUMEmXi8JUYBPj+e94yBWjRkwtIVRxeyumY6IINTahkg3BW315nbRrVc+tes1apX6dx1GEMziHS/DgBurwAA1oAYUJPMMrvKEEvaB39LFsLaB85hT+AH3+AAxIjgI=</latexit><latexit sha1_base64="hAZnNcvNKhn3Dmeg1jm7i8wPAME=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BLuCp7JbEb0IBS8eW7Af0C4lm2bb0Gx2SbJCWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvCARXBvX/UaFjc2t7Z3ibmlv/+DwqHx80tZxqihr0VjEqhsQzQSXrGW4EaybKEaiQLBOMLmf+50npjSP5aOZJsyPyEjykFNirNRxnObdleMMyhW36i6A14mXkwrkaAzKX/1hTNOISUMF0brnuYnxM6IMp4LNSv1Us4TQCRmxnqWSREz72eLcGb6wyhCHsbIlDV6ovycyEmk9jQLbGREz1qveXPzP66UmvPUzLpPUMEmXi8JUYBPj+e94yBWjRkwtIVRxeyumY6IINTahkg3BW315nbRrVc+tes1apX6dx1GEMziHS/DgBurwAA1oAYUJPMMrvKEEvaB39LFsLaB85hT+AH3+AAxIjgI=</latexit><latexit sha1_base64="hAZnNcvNKhn3Dmeg1jm7i8wPAME=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BLuCp7JbEb0IBS8eW7Af0C4lm2bb0Gx2SbJCWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvCARXBvX/UaFjc2t7Z3ibmlv/+DwqHx80tZxqihr0VjEqhsQzQSXrGW4EaybKEaiQLBOMLmf+50npjSP5aOZJsyPyEjykFNirNRxnObdleMMyhW36i6A14mXkwrkaAzKX/1hTNOISUMF0brnuYnxM6IMp4LNSv1Us4TQCRmxnqWSREz72eLcGb6wyhCHsbIlDV6ovycyEmk9jQLbGREz1qveXPzP66UmvPUzLpPUMEmXi8JUYBPj+e94yBWjRkwtIVRxeyumY6IINTahkg3BW315nbRrVc+tes1apX6dx1GEMziHS/DgBurwAA1oAYUJPMMrvKEEvaB39LFsLaB85hT+AH3+AAxIjgI=</latexit><latexit sha1_base64="hAZnNcvNKhn3Dmeg1jm7i8wPAME=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BLuCp7JbEb0IBS8eW7Af0C4lm2bb0Gx2SbJCWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvCARXBvX/UaFjc2t7Z3ibmlv/+DwqHx80tZxqihr0VjEqhsQzQSXrGW4EaybKEaiQLBOMLmf+50npjSP5aOZJsyPyEjykFNirNRxnObdleMMyhW36i6A14mXkwrkaAzKX/1hTNOISUMF0brnuYnxM6IMp4LNSv1Us4TQCRmxnqWSREz72eLcGb6wyhCHsbIlDV6ovycyEmk9jQLbGREz1qveXPzP66UmvPUzLpPUMEmXi8JUYBPj+e94yBWjRkwtIVRxeyumY6IINTahkg3BW315nbRrVc+tes1apX6dx1GEMziHS/DgBurwAA1oAYUJPMMrvKEEvaB39LFsLaB85hT+AH3+AAxIjgI=</latexit>

Gp = (Gp,0,Gp,1, . . . ,Gp,Q)
<latexit sha1_base64="S2iC9vGQ7MaC1TxKkdG/4M+ASc4=">AAACN3icbVDLSgMxFM3UV62vUZdugq1QoZSZguhGKLjQlbRgH9CWkkkzbWjmQXJHLMP8lRt/w51uXCji1j8wfSz68EDg5Jx7b3KPEwquwLLejNTa+sbmVno7s7O7t39gHh7VVRBJymo0EIFsOkQxwX1WAw6CNUPJiOcI1nCGN2O/8cik4oH/AKOQdTzS97nLKQEtdc37XK4N7AmUG98m3fA6P3eLw4KVFPCiYo+VXgBq2agm57lc18xaRWsCvErsGcmiGSpd81UPo5HHfKCCKNWyrRA6MZHAqWBJph0pFhI6JH3W0tQnHlOdeLJ3gs+00sNuIPXxAU/U+Y6YeEqNPEdXegQGatkbi/95rQjcq07M/TAC5tPpQ24kMAR4HCLucckoiJEmhEqu/4rpgEhCQUed0SHYyyuvknqpaFtFu1rKli9mcaTRCTpFeWSjS1RGd6iCaoiiZ/SOPtGX8WJ8GN/Gz7Q0Zcx6jtECjN8/J3Gr/g==</latexit><latexit sha1_base64="S2iC9vGQ7MaC1TxKkdG/4M+ASc4=">AAACN3icbVDLSgMxFM3UV62vUZdugq1QoZSZguhGKLjQlbRgH9CWkkkzbWjmQXJHLMP8lRt/w51uXCji1j8wfSz68EDg5Jx7b3KPEwquwLLejNTa+sbmVno7s7O7t39gHh7VVRBJymo0EIFsOkQxwX1WAw6CNUPJiOcI1nCGN2O/8cik4oH/AKOQdTzS97nLKQEtdc37XK4N7AmUG98m3fA6P3eLw4KVFPCiYo+VXgBq2agm57lc18xaRWsCvErsGcmiGSpd81UPo5HHfKCCKNWyrRA6MZHAqWBJph0pFhI6JH3W0tQnHlOdeLJ3gs+00sNuIPXxAU/U+Y6YeEqNPEdXegQGatkbi/95rQjcq07M/TAC5tPpQ24kMAR4HCLucckoiJEmhEqu/4rpgEhCQUed0SHYyyuvknqpaFtFu1rKli9mcaTRCTpFeWSjS1RGd6iCaoiiZ/SOPtGX8WJ8GN/Gz7Q0Zcx6jtECjN8/J3Gr/g==</latexit><latexit sha1_base64="S2iC9vGQ7MaC1TxKkdG/4M+ASc4=">AAACN3icbVDLSgMxFM3UV62vUZdugq1QoZSZguhGKLjQlbRgH9CWkkkzbWjmQXJHLMP8lRt/w51uXCji1j8wfSz68EDg5Jx7b3KPEwquwLLejNTa+sbmVno7s7O7t39gHh7VVRBJymo0EIFsOkQxwX1WAw6CNUPJiOcI1nCGN2O/8cik4oH/AKOQdTzS97nLKQEtdc37XK4N7AmUG98m3fA6P3eLw4KVFPCiYo+VXgBq2agm57lc18xaRWsCvErsGcmiGSpd81UPo5HHfKCCKNWyrRA6MZHAqWBJph0pFhI6JH3W0tQnHlOdeLJ3gs+00sNuIPXxAU/U+Y6YeEqNPEdXegQGatkbi/95rQjcq07M/TAC5tPpQ24kMAR4HCLucckoiJEmhEqu/4rpgEhCQUed0SHYyyuvknqpaFtFu1rKli9mcaTRCTpFeWSjS1RGd6iCaoiiZ/SOPtGX8WJ8GN/Gz7Q0Zcx6jtECjN8/J3Gr/g==</latexit><latexit sha1_base64="S2iC9vGQ7MaC1TxKkdG/4M+ASc4=">AAACN3icbVDLSgMxFM3UV62vUZdugq1QoZSZguhGKLjQlbRgH9CWkkkzbWjmQXJHLMP8lRt/w51uXCji1j8wfSz68EDg5Jx7b3KPEwquwLLejNTa+sbmVno7s7O7t39gHh7VVRBJymo0EIFsOkQxwX1WAw6CNUPJiOcI1nCGN2O/8cik4oH/AKOQdTzS97nLKQEtdc37XK4N7AmUG98m3fA6P3eLw4KVFPCiYo+VXgBq2agm57lc18xaRWsCvErsGcmiGSpd81UPo5HHfKCCKNWyrRA6MZHAqWBJph0pFhI6JH3W0tQnHlOdeLJ3gs+00sNuIPXxAU/U+Y6YeEqNPEdXegQGatkbi/95rQjcq07M/TAC5tPpQ24kMAR4HCLucckoiJEmhEqu/4rpgEhCQUed0SHYyyuvknqpaFtFu1rKli9mcaTRCTpFeWSjS1RGd6iCaoiiZ/SOPtGX8WJ8GN/Gz7Q0Zcx6jtECjN8/J3Gr/g==</latexit>

Dp,q = Gp,q+1 − Gp,q
<latexit sha1_base64="zOwX+z1q4cKTs7138djoRwB8qdw=">AAACIXicbZDLSsNAFIYn9VbrLerSTbAVBLUkBbEboaCgywr2Am0Ik+mkDp1cnDkRS8iruPFV3LhQpDvxZZy2EbT1h4Gf75zDmfO7EWcSTPNTyy0sLi2v5FcLa+sbm1v69k5ThrEgtEFCHoq2iyXlLKANYMBpOxIU+y6nLXdwMa63HqiQLAxuYRhR28f9gHmMYFDI0aulUhfoI0gvuUydJDq+T89/wNUUHFnpyQxKSyVHL5plcyJj3liZKaJMdUcfdXshiX0aAOFYyo5lRmAnWAAjnKaFbixphMkA92lH2QD7VNrJ5MLUOFCkZ3ihUC8AY0J/TyTYl3Lou6rTx3AnZ2tj+F+tE4NXtRMWRDHQgEwXeTE3IDTGcRk9JigBPlQGE8HUXw1yhwUmoEItqBCs2ZPnTbNStsyydVMp1k6zOPJoD+2jQ2ShM1RD16iOGoigJ/SC3tC79qy9ah/aaNqa07KZXfRH2tc3AmGj9g==</latexit><latexit sha1_base64="zOwX+z1q4cKTs7138djoRwB8qdw=">AAACIXicbZDLSsNAFIYn9VbrLerSTbAVBLUkBbEboaCgywr2Am0Ik+mkDp1cnDkRS8iruPFV3LhQpDvxZZy2EbT1h4Gf75zDmfO7EWcSTPNTyy0sLi2v5FcLa+sbm1v69k5ThrEgtEFCHoq2iyXlLKANYMBpOxIU+y6nLXdwMa63HqiQLAxuYRhR28f9gHmMYFDI0aulUhfoI0gvuUydJDq+T89/wNUUHFnpyQxKSyVHL5plcyJj3liZKaJMdUcfdXshiX0aAOFYyo5lRmAnWAAjnKaFbixphMkA92lH2QD7VNrJ5MLUOFCkZ3ihUC8AY0J/TyTYl3Lou6rTx3AnZ2tj+F+tE4NXtRMWRDHQgEwXeTE3IDTGcRk9JigBPlQGE8HUXw1yhwUmoEItqBCs2ZPnTbNStsyydVMp1k6zOPJoD+2jQ2ShM1RD16iOGoigJ/SC3tC79qy9ah/aaNqa07KZXfRH2tc3AmGj9g==</latexit><latexit sha1_base64="zOwX+z1q4cKTs7138djoRwB8qdw=">AAACIXicbZDLSsNAFIYn9VbrLerSTbAVBLUkBbEboaCgywr2Am0Ik+mkDp1cnDkRS8iruPFV3LhQpDvxZZy2EbT1h4Gf75zDmfO7EWcSTPNTyy0sLi2v5FcLa+sbm1v69k5ThrEgtEFCHoq2iyXlLKANYMBpOxIU+y6nLXdwMa63HqiQLAxuYRhR28f9gHmMYFDI0aulUhfoI0gvuUydJDq+T89/wNUUHFnpyQxKSyVHL5plcyJj3liZKaJMdUcfdXshiX0aAOFYyo5lRmAnWAAjnKaFbixphMkA92lH2QD7VNrJ5MLUOFCkZ3ihUC8AY0J/TyTYl3Lou6rTx3AnZ2tj+F+tE4NXtRMWRDHQgEwXeTE3IDTGcRk9JigBPlQGE8HUXw1yhwUmoEItqBCs2ZPnTbNStsyydVMp1k6zOPJoD+2jQ2ShM1RD16iOGoigJ/SC3tC79qy9ah/aaNqa07KZXfRH2tc3AmGj9g==</latexit><latexit sha1_base64="zOwX+z1q4cKTs7138djoRwB8qdw=">AAACIXicbZDLSsNAFIYn9VbrLerSTbAVBLUkBbEboaCgywr2Am0Ik+mkDp1cnDkRS8iruPFV3LhQpDvxZZy2EbT1h4Gf75zDmfO7EWcSTPNTyy0sLi2v5FcLa+sbm1v69k5ThrEgtEFCHoq2iyXlLKANYMBpOxIU+y6nLXdwMa63HqiQLAxuYRhR28f9gHmMYFDI0aulUhfoI0gvuUydJDq+T89/wNUUHFnpyQxKSyVHL5plcyJj3liZKaJMdUcfdXshiX0aAOFYyo5lRmAnWAAjnKaFbixphMkA92lH2QD7VNrJ5MLUOFCkZ3ihUC8AY0J/TyTYl3Lou6rTx3AnZ2tj+F+tE4NXtRMWRDHQgEwXeTE3IDTGcRk9JigBPlQGE8HUXw1yhwUmoEItqBCs2ZPnTbNStsyydVMp1k6zOPJoD+2jQ2ShM1RD16iOGoigJ/SC3tC79qy9ah/aaNqa07KZXfRH2tc3AmGj9g==</latexit>

m = Qp+ q
<latexit sha1_base64="DSALSrkinCZwcmv1gbeeCbbt3dM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CXYFQSi7BdGLUPDisQX7ge1Ssmm2DU2ya5IVSum/8OJBEa/+G2/+G9N2D9r6YODx3gwz88KEM20879vJra1vbG7ltws7u3v7B8XDo6aOU0Vog8Q8Vu0Qa8qZpA3DDKftRFEsQk5b4eh25reeqNIslvdmnNBA4IFkESPYWOnBdcVNPbl4dN1eseSVvTnQKvEzUoIMtV7xq9uPSSqoNIRjrTu+l5hggpVhhNNpoZtqmmAywgPasVRiQXUwmV88RWdW6aMoVrakQXP198QEC63HIrSdApuhXvZm4n9eJzXRdTBhMkkNlWSxKEo5MjGavY/6TFFi+NgSTBSztyIyxAoTY0Mq2BD85ZdXSbNS9r2yX6+UqpdZHHk4gVM4Bx+uoAp3UIMGEJDwDK/w5mjnxXl3PhatOSebOYY/cD5/AHDsj2Y=</latexit><latexit sha1_base64="DSALSrkinCZwcmv1gbeeCbbt3dM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CXYFQSi7BdGLUPDisQX7ge1Ssmm2DU2ya5IVSum/8OJBEa/+G2/+G9N2D9r6YODx3gwz88KEM20879vJra1vbG7ltws7u3v7B8XDo6aOU0Vog8Q8Vu0Qa8qZpA3DDKftRFEsQk5b4eh25reeqNIslvdmnNBA4IFkESPYWOnBdcVNPbl4dN1eseSVvTnQKvEzUoIMtV7xq9uPSSqoNIRjrTu+l5hggpVhhNNpoZtqmmAywgPasVRiQXUwmV88RWdW6aMoVrakQXP198QEC63HIrSdApuhXvZm4n9eJzXRdTBhMkkNlWSxKEo5MjGavY/6TFFi+NgSTBSztyIyxAoTY0Mq2BD85ZdXSbNS9r2yX6+UqpdZHHk4gVM4Bx+uoAp3UIMGEJDwDK/w5mjnxXl3PhatOSebOYY/cD5/AHDsj2Y=</latexit><latexit sha1_base64="DSALSrkinCZwcmv1gbeeCbbt3dM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CXYFQSi7BdGLUPDisQX7ge1Ssmm2DU2ya5IVSum/8OJBEa/+G2/+G9N2D9r6YODx3gwz88KEM20879vJra1vbG7ltws7u3v7B8XDo6aOU0Vog8Q8Vu0Qa8qZpA3DDKftRFEsQk5b4eh25reeqNIslvdmnNBA4IFkESPYWOnBdcVNPbl4dN1eseSVvTnQKvEzUoIMtV7xq9uPSSqoNIRjrTu+l5hggpVhhNNpoZtqmmAywgPasVRiQXUwmV88RWdW6aMoVrakQXP198QEC63HIrSdApuhXvZm4n9eJzXRdTBhMkkNlWSxKEo5MjGavY/6TFFi+NgSTBSztyIyxAoTY0Mq2BD85ZdXSbNS9r2yX6+UqpdZHHk4gVM4Bx+uoAp3UIMGEJDwDK/w5mjnxXl3PhatOSebOYY/cD5/AHDsj2Y=</latexit><latexit sha1_base64="DSALSrkinCZwcmv1gbeeCbbt3dM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CXYFQSi7BdGLUPDisQX7ge1Ssmm2DU2ya5IVSum/8OJBEa/+G2/+G9N2D9r6YODx3gwz88KEM20879vJra1vbG7ltws7u3v7B8XDo6aOU0Vog8Q8Vu0Qa8qZpA3DDKftRFEsQk5b4eh25reeqNIslvdmnNBA4IFkESPYWOnBdcVNPbl4dN1eseSVvTnQKvEzUoIMtV7xq9uPSSqoNIRjrTu+l5hggpVhhNNpoZtqmmAywgPasVRiQXUwmV88RWdW6aMoVrakQXP198QEC63HIrSdApuhXvZm4n9eJzXRdTBhMkkNlWSxKEo5MjGavY/6TFFi+NgSTBSztyIyxAoTY0Mq2BD85ZdXSbNS9r2yX6+UqpdZHHk4gVM4Bx+uoAp3UIMGEJDwDK/w5mjnxXl3PhatOSebOYY/cD5/AHDsj2Y=</latexit>



Construcción del espacio de escalas

subm
uestreo (2:1)

-1 +

subm
uestreo (2:1)

-1 +



Selección y refinamiento de los puntos

• El proceso sigue con: 

• Búsqueda de extremos en el espacio de escalas DoG 3D. 

• La búsqueda se hace de forma independiente en cada escala. 

• Refinamiento de la posición (interpolación subpixel). 

• Ajuste de una función cuadrática en el vecindario.  

• Eliminación de puntos en bordes

Vecindarios de búsqueda de extremos.

Hx,y(c) =



dxx dxy

dxy dyy

�

<latexit sha1_base64="66lj4Rc4AbTd22SBJezOpFLHnCw="></latexit><latexit sha1_base64="66lj4Rc4AbTd22SBJezOpFLHnCw="></latexit><latexit sha1_base64="66lj4Rc4AbTd22SBJezOpFLHnCw="></latexit><latexit sha1_base64="66lj4Rc4AbTd22SBJezOpFLHnCw="></latexit>

ρ1,2 =

λ1

λ2
<latexit sha1_base64="s20OMN3sQBeGYdIqI0c7TAyqSXQ=">AAACF3icbVDNS8MwHE3n15xfVY9eiqvgQUpbEL0IAy8eJ7gPWEtJ03QLS5uSpMIo/S+8+K948aCIV73535htBXXzQeDlvd8j+b0wo0RI2/7Saiura+sb9c3G1vbO7p6+f9AVLOcIdxCjjPdDKDAlKe5IIinuZxzDJKS4F46vp37vHnNBWHonJxn2EzhMSUwQlEoKdMs0PT5iQeGcueWVF3OICo+qfASVVpY/F7csTTPQm7Zlz2AsE6ciTVChHeifXsRQnuBUIgqFGDh2Jv0CckkQxWXDywXOIBrDIR4omsIEC7+Y7VUaJ0qJjJhxdVJpzNTfiQImQkySUE0mUI7EojcV//MGuYwv/YKkWS5xiuYPxTk1JDOmJRkR4RhJOlEEIk7UXw00gqobqapsqBKcxZWXSde1HNtybt1m67yqow6OwDE4BQ64AC1wA9qgAxB4AE/gBbxqj9qz9qa9z0drWpU5BH+gfXwDEeWfMw==</latexit><latexit sha1_base64="s20OMN3sQBeGYdIqI0c7TAyqSXQ=">AAACF3icbVDNS8MwHE3n15xfVY9eiqvgQUpbEL0IAy8eJ7gPWEtJ03QLS5uSpMIo/S+8+K948aCIV73535htBXXzQeDlvd8j+b0wo0RI2/7Saiura+sb9c3G1vbO7p6+f9AVLOcIdxCjjPdDKDAlKe5IIinuZxzDJKS4F46vp37vHnNBWHonJxn2EzhMSUwQlEoKdMs0PT5iQeGcueWVF3OICo+qfASVVpY/F7csTTPQm7Zlz2AsE6ciTVChHeifXsRQnuBUIgqFGDh2Jv0CckkQxWXDywXOIBrDIR4omsIEC7+Y7VUaJ0qJjJhxdVJpzNTfiQImQkySUE0mUI7EojcV//MGuYwv/YKkWS5xiuYPxTk1JDOmJRkR4RhJOlEEIk7UXw00gqobqapsqBKcxZWXSde1HNtybt1m67yqow6OwDE4BQ64AC1wA9qgAxB4AE/gBbxqj9qz9qa9z0drWpU5BH+gfXwDEeWfMw==</latexit><latexit sha1_base64="s20OMN3sQBeGYdIqI0c7TAyqSXQ=">AAACF3icbVDNS8MwHE3n15xfVY9eiqvgQUpbEL0IAy8eJ7gPWEtJ03QLS5uSpMIo/S+8+K948aCIV73535htBXXzQeDlvd8j+b0wo0RI2/7Saiura+sb9c3G1vbO7p6+f9AVLOcIdxCjjPdDKDAlKe5IIinuZxzDJKS4F46vp37vHnNBWHonJxn2EzhMSUwQlEoKdMs0PT5iQeGcueWVF3OICo+qfASVVpY/F7csTTPQm7Zlz2AsE6ciTVChHeifXsRQnuBUIgqFGDh2Jv0CckkQxWXDywXOIBrDIR4omsIEC7+Y7VUaJ0qJjJhxdVJpzNTfiQImQkySUE0mUI7EojcV//MGuYwv/YKkWS5xiuYPxTk1JDOmJRkR4RhJOlEEIk7UXw00gqobqapsqBKcxZWXSde1HNtybt1m67yqow6OwDE4BQ64AC1wA9qgAxB4AE/gBbxqj9qz9qa9z0drWpU5BH+gfXwDEeWfMw==</latexit><latexit sha1_base64="s20OMN3sQBeGYdIqI0c7TAyqSXQ=">AAACF3icbVDNS8MwHE3n15xfVY9eiqvgQUpbEL0IAy8eJ7gPWEtJ03QLS5uSpMIo/S+8+K948aCIV73535htBXXzQeDlvd8j+b0wo0RI2/7Saiura+sb9c3G1vbO7p6+f9AVLOcIdxCjjPdDKDAlKe5IIinuZxzDJKS4F46vp37vHnNBWHonJxn2EzhMSUwQlEoKdMs0PT5iQeGcueWVF3OICo+qfASVVpY/F7csTTPQm7Zlz2AsE6ciTVChHeifXsRQnuBUIgqFGDh2Jv0CckkQxWXDywXOIBrDIR4omsIEC7+Y7VUaJ0qJjJhxdVJpzNTfiQImQkySUE0mUI7EojcV//MGuYwv/YKkWS5xiuYPxTk1JDOmJRkR4RhJOlEEIk7UXw00gqobqapsqBKcxZWXSde1HNtybt1m67yqow6OwDE4BQ64AC1wA9qgAxB4AE/gBbxqj9qz9qa9z0drWpU5BH+gfXwDEeWfMw==</latexit>

λ1 + λ2 = tr(Hx,y(c)) = dxx + dyy

λ1λ2 = det(Hx,y(c)) = dxxdyy − 2d2
xy

<latexit sha1_base64="+d4gxJsSfM8M5wiZjRpe0iBiD+s="></latexit><latexit sha1_base64="+d4gxJsSfM8M5wiZjRpe0iBiD+s="></latexit><latexit sha1_base64="+d4gxJsSfM8M5wiZjRpe0iBiD+s="></latexit><latexit sha1_base64="+d4gxJsSfM8M5wiZjRpe0iBiD+s="></latexit>

α =
tr(Hx,y(c))

2

det(Hx,y(c)
=

(λ1 + λ2)
2

λ1λ2

=
(ρ1,2 + 1)2

ρ1,2
≤ αmax =

(ρ̄1,2 + 1)2

ρ̄1,2
<latexit sha1_base64="qg3jXwEPcUAHSmN2QpuoAXLE/Bg="></latexit><latexit sha1_base64="qg3jXwEPcUAHSmN2QpuoAXLE/Bg="></latexit><latexit sha1_base64="qg3jXwEPcUAHSmN2QpuoAXLE/Bg="></latexit><latexit sha1_base64="qg3jXwEPcUAHSmN2QpuoAXLE/Bg="></latexit>



SIFT



SIFT



SIFT



SIFT

Codificación de la representación de los puntos: cada círculo centrado en un punto relevante, 

con radio dado por la escala donde se encontró el punto, la dirección marcada es la dirección 

principal del vector de características.

¿vector de características?



SIFT

Puntos relevantes emparejados entre ambas imágenes.



Vector de características de SIFT

• El procedimiento anterior deja un lista de puntos candidatos (keypoints) k(p,q,u,v) 

• Para cada uno de estos puntos se calculan hasta cuatro vectores de características o 

descriptores locales. 

• Primero, en cada punto, se buscan las orientaciones dominantes (hasta cuatro) de la 

distribución de los gradientes en el espacio de escala correspondiente. 

• Para cada orientación se crea un vector de 128 dimensiones dadas por magnitudes de 

gradientes (8 direcciones en una grilla de 16 puntos) 

• Estos gradientes son pre-calculados en escalas relevantes del espacio de escalas.

rp,q(u, v) =



Ap,q(u, v)
Bp,q(u, v)

�

=
1

2



Gp,q(u+ 1, v)� Gp,q(u� 1, v)
Gp,q(u, v + 1)� Gp,q(u, v � 1)

�

<latexit sha1_base64="ZjUDW1ey0yELly/T9FcSGIdzKgY="></latexit><latexit sha1_base64="ZjUDW1ey0yELly/T9FcSGIdzKgY="></latexit><latexit sha1_base64="ZjUDW1ey0yELly/T9FcSGIdzKgY="></latexit><latexit sha1_base64="ZjUDW1ey0yELly/T9FcSGIdzKgY="></latexit>

φp,q(u, v) = ∠rp,q(u, v) = tan−1

 

B2

p,q
(u, v)

A2
p,q

(u, v)

!

<latexit sha1_base64="sxF8ugMMhaXXSLGfBUP3dRJ4rHE="></latexit><latexit sha1_base64="sxF8ugMMhaXXSLGfBUP3dRJ4rHE="></latexit><latexit sha1_base64="sxF8ugMMhaXXSLGfBUP3dRJ4rHE="></latexit><latexit sha1_base64="sxF8ugMMhaXXSLGfBUP3dRJ4rHE="></latexit>

mp,q(u, v) = krp,q(u, v)k =
q

A2
p,q

(u, v) +B2
p,q

(u, v)
<latexit sha1_base64="FQYKVVvC+nLbqzqFh/zjAGMC7eI="></latexit><latexit sha1_base64="FQYKVVvC+nLbqzqFh/zjAGMC7eI="></latexit><latexit sha1_base64="FQYKVVvC+nLbqzqFh/zjAGMC7eI="></latexit><latexit sha1_base64="FQYKVVvC+nLbqzqFh/zjAGMC7eI="></latexit>



• La orientación dominante se determina a partir de un histograma de gradientes en 

36 orientaciones centradas en el punto (10º de resolución). 

• Una orientación es considerada significante si es un máximo local y su magnitud no 

es menor a una fracción (0.8) del máximo global.  

• Definir una orientación dominante permite agregar invarianza a rotaciones.

Vector de características de SIFT

Suavizado circular del histograma.

Histogramas suavizados. Orientaciones dominantes.

100%
80%



Vector de características de SIFT

• Para cada punto k(p,q,u,v) y su dirección dominante ", el correspondiente 

descriptor SIFT se obtiene muestreando los gradientes en la octava p y nivel q del 

espacio de escala Gaussiano G.  

• El descriptor es calculado a partir de una región soporte cuadrada centrada en el 

punto y alineada con su dirección dominante y partida en (4 × 4) sub-cuadrados.

8 x 16 gradientes determinan el vector de características fSIFT de 

128 dimensiones



Vector de características de SIFT

• La definición de las parejas se basa en una métrica de similitud (L1, L2, …) entre 

los puntos detectados sk(j) que incluyen los vectores de características de Ij. 

• Parejas de puntos correspondientes deben tener un distancia pequeña. Sin embargo, 

umbralizar respecto a un valor fijo puede dejar afuera parejas correctas. Se usa el 

cociente de distancia a los dos primeros correspondientes.

si = (xi, yi,σi, θi,f i
)

<latexit sha1_base64="kzI3Jv1RKywvQps/DH+qVAAouyQ="></latexit><latexit sha1_base64="kzI3Jv1RKywvQps/DH+qVAAouyQ="></latexit><latexit sha1_base64="kzI3Jv1RKywvQps/DH+qVAAouyQ="></latexit><latexit sha1_base64="kzI3Jv1RKywvQps/DH+qVAAouyQ="></latexit>

S(j) = (s
(j)
1 , s

(j)
2 , . . . , s

(j)
Nj

)
<latexit sha1_base64="BloqEZ8AN9IsfspdiLHrRTXexg4="></latexit><latexit sha1_base64="BloqEZ8AN9IsfspdiLHrRTXexg4="></latexit><latexit sha1_base64="BloqEZ8AN9IsfspdiLHrRTXexg4="></latexit><latexit sha1_base64="BloqEZ8AN9IsfspdiLHrRTXexg4="></latexit>

dist(si, sj) = kf i � f jk
<latexit sha1_base64="ZUpplr16GdtNqFLlirVYg+cSQiU="></latexit><latexit sha1_base64="ZUpplr16GdtNqFLlirVYg+cSQiU="></latexit><latexit sha1_base64="ZUpplr16GdtNqFLlirVYg+cSQiU="></latexit><latexit sha1_base64="ZUpplr16GdtNqFLlirVYg+cSQiU="></latexit>

s1 = arg min
sj∈S(b)

dist(sr, sj), sr ∈ S(a)

<latexit sha1_base64="aL5nlC8YEvGQLdoprlqyTAKolQg="></latexit><latexit sha1_base64="aL5nlC8YEvGQLdoprlqyTAKolQg="></latexit><latexit sha1_base64="aL5nlC8YEvGQLdoprlqyTAKolQg="></latexit><latexit sha1_base64="aL5nlC8YEvGQLdoprlqyTAKolQg="></latexit>

ρmatch(sr, s1, s2) =
dist(sr, s1)

dist(sr, s2)
≤ ρ̄match

<latexit sha1_base64="7WVEzBVPg6R+o5j1Q5lpPLdedYk="></latexit><latexit sha1_base64="7WVEzBVPg6R+o5j1Q5lpPLdedYk="></latexit><latexit sha1_base64="7WVEzBVPg6R+o5j1Q5lpPLdedYk="></latexit><latexit sha1_base64="7WVEzBVPg6R+o5j1Q5lpPLdedYk="></latexit>s2 = arg min
sj2S(b)

s2 6=s1

dist(sr, sj), sr ∈ S(a)

<latexit sha1_base64="dCSisBv7F7Iiz2xfZPOhIdL5GDA="></latexit><latexit sha1_base64="dCSisBv7F7Iiz2xfZPOhIdL5GDA="></latexit><latexit sha1_base64="dCSisBv7F7Iiz2xfZPOhIdL5GDA="></latexit><latexit sha1_base64="dCSisBv7F7Iiz2xfZPOhIdL5GDA="></latexit>



Speeded-Up Robust Features (SURF)

• SURF simplifica varias etapas del 

cómputo para acelerar la búsqueda. 

• Aproxima la Hessiana para la detección 

de puntos. 

• Se basa en integral images para la 

aproximación de convoluciones (Fast-

Hessian) 

• Puede paralelizarse para diferentes 

escalas en el espacio de escalas. 

• Usa (Haar) wavelets en la horizontal y la 

vertical para extraer características en 

un vecindario. 

• Vector de características de 64 (128) 

dimensiones con similar robustez a 

SIFT.



Aproximaciones en el detector de SURF

• Fast-Hessian 

• Integral images 

• Espacio de escalas: aumento del tamaño del filtro (9×9, 15×15, 21×21, 27×27) y del ! 

correspondiente sin necesidad de submuestreo. 

• Supresión de máximos en vecindario 3×3×3 con interpolación en la imagen y escalas.

H(x,σ) =



Lxx(x,σ) Lxy(x,σ)
Lxy(x,σ) Lyy(x,σ)

�

<latexit sha1_base64="2uWZp7x84+ewtWoOBpT5AgfpBXs="></latexit><latexit sha1_base64="2uWZp7x84+ewtWoOBpT5AgfpBXs="></latexit><latexit sha1_base64="2uWZp7x84+ewtWoOBpT5AgfpBXs="></latexit><latexit sha1_base64="2uWZp7x84+ewtWoOBpT5AgfpBXs="></latexit>

Derivada segunda de la 
Gaussiana convolucionada 

con la imagen.

Lyy(x,σ)
<latexit sha1_base64="iuWKOlFTDfa+EACO+Tg4QwQURb8=">AAACIXicbVC7SgNBFJ2Nrxhfq5YiDGaFCBJ2U6hlwMbCIoJ5QBKW2cndZMjsg5nZ4LKk8lOsbPUr7MRO/Ab/wcmj0JgDFw7n3AvnHi/mTCrb/jRyK6tr6xv5zcLW9s7unrl/0JBRIijUacQj0fKIBM5CqCumOLRiASTwODS94fXEb45ASBaF9yqNoRuQfsh8RonSkmseW9atm6XpuNQJiBp4fvYwPu9I1g/ImWW5ZtEu21Pg/8SZkyKao+aa351eRJMAQkU5kbLt2LHqZkQoRjmMC51EQkzokPShrWlIApDdbPrGGJ9qpYf9SOgJFZ6qvy8yEkiZBp7enGSVi95EXOoNgI9ALbPaifKvuhkL40RBSGcZ/IRjFeFJXbjHBFDFU00IFUy/gemACEKVLrWg+3EW2/hPGpWyY5edu0qxejFvKo+O0AkqIQddoiq6QTVURxQ9omf0gl6NJ+PNeDc+Zqs5Y35ziP7A+PoB8v+jDw==</latexit><latexit sha1_base64="iuWKOlFTDfa+EACO+Tg4QwQURb8=">AAACIXicbVC7SgNBFJ2Nrxhfq5YiDGaFCBJ2U6hlwMbCIoJ5QBKW2cndZMjsg5nZ4LKk8lOsbPUr7MRO/Ab/wcmj0JgDFw7n3AvnHi/mTCrb/jRyK6tr6xv5zcLW9s7unrl/0JBRIijUacQj0fKIBM5CqCumOLRiASTwODS94fXEb45ASBaF9yqNoRuQfsh8RonSkmseW9atm6XpuNQJiBp4fvYwPu9I1g/ImWW5ZtEu21Pg/8SZkyKao+aa351eRJMAQkU5kbLt2LHqZkQoRjmMC51EQkzokPShrWlIApDdbPrGGJ9qpYf9SOgJFZ6qvy8yEkiZBp7enGSVi95EXOoNgI9ALbPaifKvuhkL40RBSGcZ/IRjFeFJXbjHBFDFU00IFUy/gemACEKVLrWg+3EW2/hPGpWyY5edu0qxejFvKo+O0AkqIQddoiq6QTVURxQ9omf0gl6NJ+PNeDc+Zqs5Y35ziP7A+PoB8v+jDw==</latexit><latexit sha1_base64="iuWKOlFTDfa+EACO+Tg4QwQURb8=">AAACIXicbVC7SgNBFJ2Nrxhfq5YiDGaFCBJ2U6hlwMbCIoJ5QBKW2cndZMjsg5nZ4LKk8lOsbPUr7MRO/Ab/wcmj0JgDFw7n3AvnHi/mTCrb/jRyK6tr6xv5zcLW9s7unrl/0JBRIijUacQj0fKIBM5CqCumOLRiASTwODS94fXEb45ASBaF9yqNoRuQfsh8RonSkmseW9atm6XpuNQJiBp4fvYwPu9I1g/ImWW5ZtEu21Pg/8SZkyKao+aa351eRJMAQkU5kbLt2LHqZkQoRjmMC51EQkzokPShrWlIApDdbPrGGJ9qpYf9SOgJFZ6qvy8yEkiZBp7enGSVi95EXOoNgI9ALbPaifKvuhkL40RBSGcZ/IRjFeFJXbjHBFDFU00IFUy/gemACEKVLrWg+3EW2/hPGpWyY5edu0qxejFvKo+O0AkqIQddoiq6QTVURxQ9omf0gl6NJ+PNeDc+Zqs5Y35ziP7A+PoB8v+jDw==</latexit><latexit sha1_base64="iuWKOlFTDfa+EACO+Tg4QwQURb8=">AAACIXicbVC7SgNBFJ2Nrxhfq5YiDGaFCBJ2U6hlwMbCIoJ5QBKW2cndZMjsg5nZ4LKk8lOsbPUr7MRO/Ab/wcmj0JgDFw7n3AvnHi/mTCrb/jRyK6tr6xv5zcLW9s7unrl/0JBRIijUacQj0fKIBM5CqCumOLRiASTwODS94fXEb45ASBaF9yqNoRuQfsh8RonSkmseW9atm6XpuNQJiBp4fvYwPu9I1g/ImWW5ZtEu21Pg/8SZkyKao+aa351eRJMAQkU5kbLt2LHqZkQoRjmMC51EQkzokPShrWlIApDdbPrGGJ9qpYf9SOgJFZ6qvy8yEkiZBp7enGSVi95EXOoNgI9ALbPaifKvuhkL40RBSGcZ/IRjFeFJXbjHBFDFU00IFUy/gemACEKVLrWg+3EW2/hPGpWyY5edu0qxejFvKo+O0AkqIQddoiq6QTVURxQ9omf0gl6NJ+PNeDc+Zqs5Y35ziP7A+PoB8v+jDw==</latexit>

Lxy(x,σ)
<latexit sha1_base64="HXxitd/LkPwbxvDFyeJfjIO+Qjk=">AAACIXicbVDLSsNAFJ3UV62vqEsRgo1QQUrShbosuHHhooJ9QBPCZHrTDp08mJmUltCVn+LKrX6FO3EnfoP/4PSx0LYHLhzOuRfOPX7CqJCW9aXl1tY3Nrfy24Wd3b39A/3wqCHilBOok5jFvOVjAYxGUJdUMmglHHDoM2j6/duJ3xwAFzSOHuUoATfE3YgGlGCpJE8/Nc17LxuOxiUnxLLnB9lwfOkI2g3xhWl6etEqW1MYy8SekyKao+bpP04nJmkIkSQMC9G2rUS6GeaSEgbjgpMKSDDp4y60FY1wCMLNpm+MjXOldIwg5moiaUzVvxcZDoUYhb7anGQVi95EXOn1gA1ArrLaqQxu3IxGSSohIrMMQcoMGRuTuowO5UAkGymCCafqDYP0MMdEqlILqh97sY1l0qiUbatsP1SK1at5U3l0gs5QCdnoGlXRHaqhOiLoCb2gV/SmPWvv2of2OVvNafObY/QP2vcv8UmjDg==</latexit><latexit sha1_base64="HXxitd/LkPwbxvDFyeJfjIO+Qjk=">AAACIXicbVDLSsNAFJ3UV62vqEsRgo1QQUrShbosuHHhooJ9QBPCZHrTDp08mJmUltCVn+LKrX6FO3EnfoP/4PSx0LYHLhzOuRfOPX7CqJCW9aXl1tY3Nrfy24Wd3b39A/3wqCHilBOok5jFvOVjAYxGUJdUMmglHHDoM2j6/duJ3xwAFzSOHuUoATfE3YgGlGCpJE8/Nc17LxuOxiUnxLLnB9lwfOkI2g3xhWl6etEqW1MYy8SekyKao+bpP04nJmkIkSQMC9G2rUS6GeaSEgbjgpMKSDDp4y60FY1wCMLNpm+MjXOldIwg5moiaUzVvxcZDoUYhb7anGQVi95EXOn1gA1ArrLaqQxu3IxGSSohIrMMQcoMGRuTuowO5UAkGymCCafqDYP0MMdEqlILqh97sY1l0qiUbatsP1SK1at5U3l0gs5QCdnoGlXRHaqhOiLoCb2gV/SmPWvv2of2OVvNafObY/QP2vcv8UmjDg==</latexit><latexit sha1_base64="HXxitd/LkPwbxvDFyeJfjIO+Qjk=">AAACIXicbVDLSsNAFJ3UV62vqEsRgo1QQUrShbosuHHhooJ9QBPCZHrTDp08mJmUltCVn+LKrX6FO3EnfoP/4PSx0LYHLhzOuRfOPX7CqJCW9aXl1tY3Nrfy24Wd3b39A/3wqCHilBOok5jFvOVjAYxGUJdUMmglHHDoM2j6/duJ3xwAFzSOHuUoATfE3YgGlGCpJE8/Nc17LxuOxiUnxLLnB9lwfOkI2g3xhWl6etEqW1MYy8SekyKao+bpP04nJmkIkSQMC9G2rUS6GeaSEgbjgpMKSDDp4y60FY1wCMLNpm+MjXOldIwg5moiaUzVvxcZDoUYhb7anGQVi95EXOn1gA1ArrLaqQxu3IxGSSohIrMMQcoMGRuTuowO5UAkGymCCafqDYP0MMdEqlILqh97sY1l0qiUbatsP1SK1at5U3l0gs5QCdnoGlXRHaqhOiLoCb2gV/SmPWvv2of2OVvNafObY/QP2vcv8UmjDg==</latexit><latexit sha1_base64="HXxitd/LkPwbxvDFyeJfjIO+Qjk=">AAACIXicbVDLSsNAFJ3UV62vqEsRgo1QQUrShbosuHHhooJ9QBPCZHrTDp08mJmUltCVn+LKrX6FO3EnfoP/4PSx0LYHLhzOuRfOPX7CqJCW9aXl1tY3Nrfy24Wd3b39A/3wqCHilBOok5jFvOVjAYxGUJdUMmglHHDoM2j6/duJ3xwAFzSOHuUoATfE3YgGlGCpJE8/Nc17LxuOxiUnxLLnB9lwfOkI2g3xhWl6etEqW1MYy8SekyKao+bpP04nJmkIkSQMC9G2rUS6GeaSEgbjgpMKSDDp4y60FY1wCMLNpm+MjXOldIwg5moiaUzVvxcZDoUYhb7anGQVi95EXOn1gA1ArrLaqQxu3IxGSSohIrMMQcoMGRuTuowO5UAkGymCCafqDYP0MMdEqlILqh97sY1l0qiUbatsP1SK1at5U3l0gs5QCdnoGlXRHaqhOiLoCb2gV/SmPWvv2of2OVvNafObY/QP2vcv8UmjDg==</latexit>

Aproximaciones en filtros 9×9 
con !=1.2.

Dxy(x,σ)
<latexit sha1_base64="goOqbOr1T9yg4/Zf9Kex/9l+2TE=">AAACIXicbVDLSsNAFJ3UV62vqEsRgo1QQUrShbos6MJlBfuAJoTJ9KYdOnkwMyktoSs/xZVb/Qp34k78Bv/B6WOhbQ9cOJxzL5x7/IRRIS3rS8utrW9sbuW3Czu7e/sH+uFRQ8QpJ1AnMYt5y8cCGI2gLqlk0Eo44NBn0PT7txO/OQAuaBw9ylECboi7EQ0owVJJnn5qmndeNhyNS06IZc8PsuH40hG0G+IL0/T0olW2pjCWiT0nRTRHzdN/nE5M0hAiSRgWom1biXQzzCUlDMYFJxWQYNLHXWgrGuEQhJtN3xgb50rpGEHM1UTSmKp/LzIcCjEKfbU5ySoWvYm40usBG4BcZbVTGdy4GY2SVEJEZhmClBkyNiZ1GR3KgUg2UgQTTtUbBulhjolUpRZUP/ZiG8ukUSnbVtl+qBSrV/Om8ugEnaESstE1qqJ7VEN1RNATekGv6E171t61D+1ztprT5jfH6B+071/jgaMG</latexit><latexit sha1_base64="goOqbOr1T9yg4/Zf9Kex/9l+2TE=">AAACIXicbVDLSsNAFJ3UV62vqEsRgo1QQUrShbos6MJlBfuAJoTJ9KYdOnkwMyktoSs/xZVb/Qp34k78Bv/B6WOhbQ9cOJxzL5x7/IRRIS3rS8utrW9sbuW3Czu7e/sH+uFRQ8QpJ1AnMYt5y8cCGI2gLqlk0Eo44NBn0PT7txO/OQAuaBw9ylECboi7EQ0owVJJnn5qmndeNhyNS06IZc8PsuH40hG0G+IL0/T0olW2pjCWiT0nRTRHzdN/nE5M0hAiSRgWom1biXQzzCUlDMYFJxWQYNLHXWgrGuEQhJtN3xgb50rpGEHM1UTSmKp/LzIcCjEKfbU5ySoWvYm40usBG4BcZbVTGdy4GY2SVEJEZhmClBkyNiZ1GR3KgUg2UgQTTtUbBulhjolUpRZUP/ZiG8ukUSnbVtl+qBSrV/Om8ugEnaESstE1qqJ7VEN1RNATekGv6E171t61D+1ztprT5jfH6B+071/jgaMG</latexit><latexit sha1_base64="goOqbOr1T9yg4/Zf9Kex/9l+2TE=">AAACIXicbVDLSsNAFJ3UV62vqEsRgo1QQUrShbos6MJlBfuAJoTJ9KYdOnkwMyktoSs/xZVb/Qp34k78Bv/B6WOhbQ9cOJxzL5x7/IRRIS3rS8utrW9sbuW3Czu7e/sH+uFRQ8QpJ1AnMYt5y8cCGI2gLqlk0Eo44NBn0PT7txO/OQAuaBw9ylECboi7EQ0owVJJnn5qmndeNhyNS06IZc8PsuH40hG0G+IL0/T0olW2pjCWiT0nRTRHzdN/nE5M0hAiSRgWom1biXQzzCUlDMYFJxWQYNLHXWgrGuEQhJtN3xgb50rpGEHM1UTSmKp/LzIcCjEKfbU5ySoWvYm40usBG4BcZbVTGdy4GY2SVEJEZhmClBkyNiZ1GR3KgUg2UgQTTtUbBulhjolUpRZUP/ZiG8ukUSnbVtl+qBSrV/Om8ugEnaESstE1qqJ7VEN1RNATekGv6E171t61D+1ztprT5jfH6B+071/jgaMG</latexit><latexit sha1_base64="goOqbOr1T9yg4/Zf9Kex/9l+2TE=">AAACIXicbVDLSsNAFJ3UV62vqEsRgo1QQUrShbos6MJlBfuAJoTJ9KYdOnkwMyktoSs/xZVb/Qp34k78Bv/B6WOhbQ9cOJxzL5x7/IRRIS3rS8utrW9sbuW3Czu7e/sH+uFRQ8QpJ1AnMYt5y8cCGI2gLqlk0Eo44NBn0PT7txO/OQAuaBw9ylECboi7EQ0owVJJnn5qmndeNhyNS06IZc8PsuH40hG0G+IL0/T0olW2pjCWiT0nRTRHzdN/nE5M0hAiSRgWom1biXQzzCUlDMYFJxWQYNLHXWgrGuEQhJtN3xgb50rpGEHM1UTSmKp/LzIcCjEKfbU5ySoWvYm40usBG4BcZbVTGdy4GY2SVEJEZhmClBkyNiZ1GR3KgUg2UgQTTtUbBulhjolUpRZUP/ZiG8ukUSnbVtl+qBSrV/Om8ugEnaESstE1qqJ7VEN1RNATekGv6E171t61D+1ztprT5jfH6B+071/jgaMG</latexit>

Dyy(x,σ)
<latexit sha1_base64="R16RyrP52j3KUw0USOMm7zNUpXQ=">AAACIXicbVDLSsNAFJ3UV62vqEsRBhuhgpSkC3VZ0IXLCvYBbQmT6U07dPJgZlIMoSs/xZVb/Qp34k78Bv/B6WOhtQcuHM65F849XsyZVLb9aeRWVtfWN/Kbha3tnd09c/+gIaNEUKjTiEei5REJnIVQV0xxaMUCSOBxaHrD64nfHIGQLArvVRpDNyD9kPmMEqUl1zy2rBs3S9NxqRMQNfD87GF83pGsH5Azy3LNol22p8D/iTMnRTRHzTW/O72IJgGEinIiZduxY9XNiFCMchgXOomEmNAh6UNb05AEILvZ9I0xPtVKD/uR0BMqPFV/X2QkkDINPL05ySoXvYm41BsAH4FaZrUT5V91MxbGiYKQzjL4CccqwpO6cI8JoIqnmhAqmH4D0wERhCpdakH34yy28Z80KmXHLjt3lWL1Yt5UHh2hE1RCDrpEVXSLaqiOKHpEz+gFvRpPxpvxbnzMVnPG/OYQ/YHx9QPlN6MH</latexit><latexit sha1_base64="R16RyrP52j3KUw0USOMm7zNUpXQ=">AAACIXicbVDLSsNAFJ3UV62vqEsRBhuhgpSkC3VZ0IXLCvYBbQmT6U07dPJgZlIMoSs/xZVb/Qp34k78Bv/B6WOhtQcuHM65F849XsyZVLb9aeRWVtfWN/Kbha3tnd09c/+gIaNEUKjTiEei5REJnIVQV0xxaMUCSOBxaHrD64nfHIGQLArvVRpDNyD9kPmMEqUl1zy2rBs3S9NxqRMQNfD87GF83pGsH5Azy3LNol22p8D/iTMnRTRHzTW/O72IJgGEinIiZduxY9XNiFCMchgXOomEmNAh6UNb05AEILvZ9I0xPtVKD/uR0BMqPFV/X2QkkDINPL05ySoXvYm41BsAH4FaZrUT5V91MxbGiYKQzjL4CccqwpO6cI8JoIqnmhAqmH4D0wERhCpdakH34yy28Z80KmXHLjt3lWL1Yt5UHh2hE1RCDrpEVXSLaqiOKHpEz+gFvRpPxpvxbnzMVnPG/OYQ/YHx9QPlN6MH</latexit><latexit sha1_base64="R16RyrP52j3KUw0USOMm7zNUpXQ=">AAACIXicbVDLSsNAFJ3UV62vqEsRBhuhgpSkC3VZ0IXLCvYBbQmT6U07dPJgZlIMoSs/xZVb/Qp34k78Bv/B6WOhtQcuHM65F849XsyZVLb9aeRWVtfWN/Kbha3tnd09c/+gIaNEUKjTiEei5REJnIVQV0xxaMUCSOBxaHrD64nfHIGQLArvVRpDNyD9kPmMEqUl1zy2rBs3S9NxqRMQNfD87GF83pGsH5Azy3LNol22p8D/iTMnRTRHzTW/O72IJgGEinIiZduxY9XNiFCMchgXOomEmNAh6UNb05AEILvZ9I0xPtVKD/uR0BMqPFV/X2QkkDINPL05ySoXvYm41BsAH4FaZrUT5V91MxbGiYKQzjL4CccqwpO6cI8JoIqnmhAqmH4D0wERhCpdakH34yy28Z80KmXHLjt3lWL1Yt5UHh2hE1RCDrpEVXSLaqiOKHpEz+gFvRpPxpvxbnzMVnPG/OYQ/YHx9QPlN6MH</latexit><latexit sha1_base64="R16RyrP52j3KUw0USOMm7zNUpXQ=">AAACIXicbVDLSsNAFJ3UV62vqEsRBhuhgpSkC3VZ0IXLCvYBbQmT6U07dPJgZlIMoSs/xZVb/Qp34k78Bv/B6WOhtQcuHM65F849XsyZVLb9aeRWVtfWN/Kbha3tnd09c/+gIaNEUKjTiEei5REJnIVQV0xxaMUCSOBxaHrD64nfHIGQLArvVRpDNyD9kPmMEqUl1zy2rBs3S9NxqRMQNfD87GF83pGsH5Azy3LNol22p8D/iTMnRTRHzTW/O72IJgGEinIiZduxY9XNiFCMchgXOomEmNAh6UNb05AEILvZ9I0xPtVKD/uR0BMqPFV/X2QkkDINPL05ySoXvYm41BsAH4FaZrUT5V91MxbGiYKQzjL4CccqwpO6cI8JoIqnmhAqmH4D0wERhCpdakH34yy28Z80KmXHLjt3lWL1Yt5UHh2hE1RCDrpEVXSLaqiOKHpEz+gFvRpPxpvxbnzMVnPG/OYQ/YHx9QPlN6MH</latexit>

det(Haprox) = DxxDyy − 0.81D2
xy

<latexit sha1_base64="d3ued+HGEzgNsJDvR/S90V1PEao="></latexit><latexit sha1_base64="d3ued+HGEzgNsJDvR/S90V1PEao="></latexit><latexit sha1_base64="d3ued+HGEzgNsJDvR/S90V1PEao="></latexit><latexit sha1_base64="d3ued+HGEzgNsJDvR/S90V1PEao="></latexit>

IΣ(x, y) =

i≤xX

i=0

j≤yX

j=0

I(i, j)

<latexit sha1_base64="GHGGmM0MSFXXLaZE1owIk+/OuWw="></latexit><latexit sha1_base64="GHGGmM0MSFXXLaZE1owIk+/OuWw="></latexit><latexit sha1_base64="GHGGmM0MSFXXLaZE1owIk+/OuWw="></latexit><latexit sha1_base64="GHGGmM0MSFXXLaZE1owIk+/OuWw="></latexit>

I(x, y)
<latexit sha1_base64="RtY0kU5sJ9qjHvr63IaTo+jZ2VI=">AAACDHicbZDNSsNAFIUn9a/Wv6pLN8FGqCAl6UJdFtzoroL9wTaUyfSmHTqZhJlJMYS+giu3+hTuxK3v4EP4Dk7bLLTtgYHDOffCnc+LGJXKtr+N3Nr6xuZWfruws7u3f1A8PGrKMBYEGiRkoWh7WAKjHBqKKgbtSAAOPAYtb3Qz7VtjEJKG/EElEbgBHnDqU4KVjh4t6678dJGcW1avWLIr9kzmsnEyU0KZ6r3iT7cfkjgArgjDUnYcO1JuioWihMGk0I0lRJiM8AA62nIcgHTT2cUT80wnfdMPhX5cmbP070aKAymTwNOTAVZDudhNw5XdENgY1KqqEyv/2k0pj2IFnMxv8GNmqtCckjH7VABRLNEGE0H1N0wyxAITpfkVNB9nkcayaVYrjl1x7qul2mVGKo9O0CkqIwddoRq6RXXUQARx9IJe0ZvxbLwbH8bnfDRnZDvH6J+Mr18pbZoa</latexit><latexit sha1_base64="RtY0kU5sJ9qjHvr63IaTo+jZ2VI=">AAACDHicbZDNSsNAFIUn9a/Wv6pLN8FGqCAl6UJdFtzoroL9wTaUyfSmHTqZhJlJMYS+giu3+hTuxK3v4EP4Dk7bLLTtgYHDOffCnc+LGJXKtr+N3Nr6xuZWfruws7u3f1A8PGrKMBYEGiRkoWh7WAKjHBqKKgbtSAAOPAYtb3Qz7VtjEJKG/EElEbgBHnDqU4KVjh4t6678dJGcW1avWLIr9kzmsnEyU0KZ6r3iT7cfkjgArgjDUnYcO1JuioWihMGk0I0lRJiM8AA62nIcgHTT2cUT80wnfdMPhX5cmbP070aKAymTwNOTAVZDudhNw5XdENgY1KqqEyv/2k0pj2IFnMxv8GNmqtCckjH7VABRLNEGE0H1N0wyxAITpfkVNB9nkcayaVYrjl1x7qul2mVGKo9O0CkqIwddoRq6RXXUQARx9IJe0ZvxbLwbH8bnfDRnZDvH6J+Mr18pbZoa</latexit><latexit sha1_base64="RtY0kU5sJ9qjHvr63IaTo+jZ2VI=">AAACDHicbZDNSsNAFIUn9a/Wv6pLN8FGqCAl6UJdFtzoroL9wTaUyfSmHTqZhJlJMYS+giu3+hTuxK3v4EP4Dk7bLLTtgYHDOffCnc+LGJXKtr+N3Nr6xuZWfruws7u3f1A8PGrKMBYEGiRkoWh7WAKjHBqKKgbtSAAOPAYtb3Qz7VtjEJKG/EElEbgBHnDqU4KVjh4t6678dJGcW1avWLIr9kzmsnEyU0KZ6r3iT7cfkjgArgjDUnYcO1JuioWihMGk0I0lRJiM8AA62nIcgHTT2cUT80wnfdMPhX5cmbP070aKAymTwNOTAVZDudhNw5XdENgY1KqqEyv/2k0pj2IFnMxv8GNmqtCckjH7VABRLNEGE0H1N0wyxAITpfkVNB9nkcayaVYrjl1x7qul2mVGKo9O0CkqIwddoRq6RXXUQARx9IJe0ZvxbLwbH8bnfDRnZDvH6J+Mr18pbZoa</latexit><latexit sha1_base64="RtY0kU5sJ9qjHvr63IaTo+jZ2VI=">AAACDHicbZDNSsNAFIUn9a/Wv6pLN8FGqCAl6UJdFtzoroL9wTaUyfSmHTqZhJlJMYS+giu3+hTuxK3v4EP4Dk7bLLTtgYHDOffCnc+LGJXKtr+N3Nr6xuZWfruws7u3f1A8PGrKMBYEGiRkoWh7WAKjHBqKKgbtSAAOPAYtb3Qz7VtjEJKG/EElEbgBHnDqU4KVjh4t6678dJGcW1avWLIr9kzmsnEyU0KZ6r3iT7cfkjgArgjDUnYcO1JuioWihMGk0I0lRJiM8AA62nIcgHTT2cUT80wnfdMPhX5cmbP070aKAymTwNOTAVZDudhNw5XdENgY1KqqEyv/2k0pj2IFnMxv8GNmqtCckjH7VABRLNEGE0H1N0wyxAITpfkVNB9nkcayaVYrjl1x7qul2mVGKo9O0CkqIwddoRq6RXXUQARx9IJe0ZvxbLwbH8bnfDRnZDvH6J+Mr18pbZoa</latexit>

3+2+5+4 = 14 = 46+10-22-20

X

x0<x≤x1

y0<y≤y1

I(x, y) =
IΣ(x1, y1) + IΣ(x0, y0)
−IΣ(x1, y0)− IΣ(x0, y1)

<latexit sha1_base64="KYhhgFNBoQGBIrrTj+yoTtA4f5o="></latexit><latexit sha1_base64="KYhhgFNBoQGBIrrTj+yoTtA4f5o="></latexit><latexit sha1_base64="KYhhgFNBoQGBIrrTj+yoTtA4f5o="></latexit><latexit sha1_base64="KYhhgFNBoQGBIrrTj+yoTtA4f5o="></latexit>



Descriptor de SURF

• Respuesta a wavelet de Haar en vertical y horizontal en un vecindario circular de 

radio 6!k. La orientación dominante se estima a partir del vector de máximo 

módulo creado con el aporte de todas las orientaciones en una ventana deslizante 

de 60º. Esto no se hace en la variante U-SURF (más rápida aún). 

• Una región cuadrada de 20!k de lado se divide en 4×4 donde se calculan las 

derivadas horizontales y verticales; con ellas se forma un vector de características en 

cada uno de las 16 sub-regiones

vi =

⇣

X

dx,
X

dy,
X

|dx|,
X

|dy|
⌘

<latexit sha1_base64="6yrd1FgfqzcIhQKfsiKzlG+zBzY="></latexit><latexit sha1_base64="O3a300Vgg4TJzQiTe8T1PvTW8Lo="></latexit><latexit sha1_base64="O3a300Vgg4TJzQiTe8T1PvTW8Lo="></latexit><latexit sha1_base64="VH0NWDZdfnVQy/9tlb1LfsdGQ9Y="></latexit>

Tres ejemplo de los 

valores que toma el 

descriptor vi.

Los cuadrados 
muestran la 
posición, 
escala y 
orientación del 
punto 
detectado.



Ejemplos de SURF

Umbral de Hessiano = 100 Umbral de Hessiano = 1000

Umbral de Hessiano = 5000 Umbral de Hessiano = 10000



Reconocimiento de objetos

• Tenemos procedimiento(s) para detectar puntos y extraer descriptores de sus 

características locales, ¿cómo lo usamos para reconocer un objeto en una nueva 

imagen? 

• Es posible armar un detector a partir del matcheo de los descriptores a partir de una 

cierta métrica (L1, L2, …) y tener en cuenta la distribución de los puntos.



Reconocimiento de objetos

SURF, HTh=100



Reconocimiento de objetos

SURF, HTh=1000



Reconocimiento de objetos

SURF, HTh=100



Reconocimiento de objetos

SURF, HTh=1000



Reconocimiento de objetos

Objeto a buscar el en video. Video



Reconocimiento de objetos



SIFT, SURF, python y OpenCV

• Ejemplo SIFT 
import cv2 
import sys 
from matplotlib import pyplot as plt 

# Leer la imagen de los argumentos 

filename = str(sys.argv[1]) 

img = cv2.imread(filename) 

# Crear una instancia de un detector SIFT 

sift = cv2.xfeatures2d.SIFT_create() 

# Detectar puntos y calcular descriptores 

kp, des = sift.detectAndCompute(img,None) 

# Dibujar los puntos detectados 

img2 = cv2.drawKeypoints(img,kp,None,(0,0,255),4) 
plt.imshow(img2) 

plt.title('SIFT'), plt.axis('off'), plt.show() 

• Ejemplo SURF 
import cv2 
import sys 
from matplotlib import pyplot as plt 

# Leer la imagen de los argumentos 

filename = str(sys.argv[1]) 

img = cv2.imread(filename) 

# Crear una instancia de un detector SURF 

Ht = 5000  # Umbral sobre la Hessiana 

surf = cv2.xfeatures2d.SURF_create(Ht) 

# Detectar puntos y calcular descriptores 

# surf.setUpright(True) 

kp, des = surf.detectAndCompute(img, None) 

# Dibujar los puntos detectados 

img2 = cv2.drawKeypoints(img, kp, None,\ 
    flags=cv2.DRAW_MATCHES_FLAGS_DRAW_RICH_KEYPOINTS) 

plt.imshow(img2) 

plt.title(‘SURF'), plt.axis('off'), plt.show() 



• Features from Accelerated Segment Test (FAST, 2010) 

• Objetivo es la velocidad 

• Es un candidato si más de n pixeles consecutivos (en un arco) son más/menos brillante 

que el centro (Ip+t/Ip-t), donde t es un umbral.  

• Una verificación más rápida es con 1 y 9, 5 y 13, al menos tres. 

• Introduce conceptos de aprendizaje automático para el descriptor, basado en un 

clasificador con un árbol de decisión. 

• Poco robusto al ruido. Dependencia con el umbral. 

• Disponible en opencv: cv2.FastFeatureDetector.detect

Otros detectores y descriptores

n=12



Otros detectores y descriptores

• Binary Robust Independent Elementary Features (BRIEF) 

• Representación binaria de los descriptores, busca reducir la memoria usada (128 float = 

512 bytes) para dispositivos de recursos limitados. 

• Cálculo de comparaciones más eficiente (Hamming es XOR y suma). 

• La combinación de FAST y BRIEF se conoce como: Oriented FAST and Rotated 

BRIEF (ORB) 

import cv2 

img = cv2.imread('imagenes/castle.tif') 

# Iniciar detector STAR. 

orb = cv2.ORB_create() 

# Detectar y describir los keypoints con ORB. 

kp, des = orb.detectAndCompute(img, None) 

# Dibujar los keypoints. 

img2 = cv2.drawKeypoints(img, kp, None, color=(0, 255, 0), flags=0) 

# Mostrar la imagen. 

cv2.imshow('ORB detector', img2) 



Affine SIFT



Reconocimiento de objetos

http://introlab.github.io/find-object/ 

Find-Object 

Simple Qt interface to try 

OpenCV implementations of 

SIFT, SURF, FAST, BRIEF 

and other feature detectors 

and descriptors.

http://introlab.github.io/find-object/
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