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Problem Motivation

Visual signs of knee abnormalities (ACL and meniscus

tears) appear very small and localized in particular areas of

MRI slices.

Current SOTA convolutional networks (MRNet, ELNet) for

the recognition of such anomalies ignore their anatomy.
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MRPyrNet Pyramid Detail Pooling

Key module to extract information from the MRI slices at

multiple levels of detail.

At the at slice-level, a set of sub-regions is defined to

increasingly focus on the center of the slices.

The sub-regions are then used to pool the FPN’s feature

maps to construct representations that include both general

and detailed information.
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<latexit sha1_base64="5gUpEueemIOpL4kdq4Bq/9+7w9Q=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXAuot6MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSE1/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7FXKN/VKqXqbxZGHEziFc/DgCqpwDzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3VljLs=</latexit>

+

<latexit sha1_base64="5gUpEueemIOpL4kdq4Bq/9+7w9Q=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXAuot6MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSE1/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7FXKN/VKqXqbxZGHEziFc/DgCqpwDzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3VljLs=</latexit>

+

<latexit sha1_base64="5gUpEueemIOpL4kdq4Bq/9+7w9Q=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXAuot6MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSE1/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7FXKN/VKqXqbxZGHEziFc/DgCqpwDzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3VljLs=</latexit>

+

<latexit sha1_base64="5gUpEueemIOpL4kdq4Bq/9+7w9Q=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXAuot6MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSE1/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7FXKN/VKqXqbxZGHEziFc/DgCqpwDzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3VljLs=</latexit>
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<latexit sha1_base64="k3V3m53EcnxuCyvnCE9yOZsw9pM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSg+7zfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPIzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqlerXt/XKvWbPI4inMApnIMHl1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBc0o3f</latexit>

…
…

Bi,5

<latexit sha1_base64="cQ8+alYfqVTHjcGbF5ma0ShFenU=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFcSEmkou5K3bisYB/QhjCZTtqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw8MHM65l3vmBAlnSjvOt7W2vrG5tV3aKe/u7R8c2kfHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E4/vc70yoVCwWT3qaUC/CQ8FCRrA2km/b/QjrURBmjZmfscvrmW9XnKozB1olbkEqUKDp21/9QUzSiApNOFaq5zqJ9jIsNSOczsr9VNEEkzEe0p6hAkdUedk8+QydG2WAwliaJzSaq783MhwpNY0CM5nnVMteLv7n9VId3noZE0mqqSCLQ2HKkY5RXgMaMEmJ5lNDMJHMZEVkhCUm2pRVNiW4y19eJe2rqlur3j3WKvVGUUcJTuEMLsCFG6jDAzShBQQm8Ayv8GZl1ov1bn0sRtesYucE/sD6/AFcz5OA</latexit>

Bi,4

<latexit sha1_base64="igRlm/VXDl7TLJVNKgg/hmqmYzM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiBXVX6sZlBfuANoTJdNIOnUzCzKRQQv7EjQtF3Pon7vwbp20W2npg4HDOvdwzJ0g4U9pxvq3SxubW9k55t7K3f3B4ZB+fdFScSkLbJOax7AVYUc4EbWumOe0lkuIo4LQbTO7nfndKpWKxeNKzhHoRHgkWMoK1kXzbHkRYj4Mwa+Z+xq7quW9XnZqzAFonbkGqUKDl21+DYUzSiApNOFaq7zqJ9jIsNSOc5pVBqmiCyQSPaN9QgSOqvGyRPEcXRhmiMJbmCY0W6u+NDEdKzaLATM5zqlVvLv7n9VMd3noZE0mqqSDLQ2HKkY7RvAY0ZJISzWeGYCKZyYrIGEtMtCmrYkpwV7+8TjrXNbdeu3usVxvNoo4ynME5XIILN9CAB2hBGwhM4Rle4c3KrBfr3fpYjpasYucU/sD6/AFbSpN/</latexit>

Bi,3

<latexit sha1_base64="hN5Y3wvQ574P2rHF29sqNTkf/QU=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFcSEm0oO5K3bisYB/QhjCZTtqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw8MHM65l3vmBAlnSjvOt7W2vrG5tV3aKe/u7R8c2kfHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E4/vc70yoVCwWT3qaUC/CQ8FCRrA2km/b/QjrURBmjZmfscvrmW9XnKozB1olbkEqUKDp21/9QUzSiApNOFaq5zqJ9jIsNSOczsr9VNEEkzEe0p6hAkdUedk8+QydG2WAwliaJzSaq783MhwpNY0CM5nnVMteLv7n9VId3noZE0mqqSCLQ2HKkY5RXgMaMEmJ5lNDMJHMZEVkhCUm2pRVNiW4y19eJe2rqlur3j3WKvVGUUcJTuEMLsCFG6jDAzShBQQm8Ayv8GZl1ov1bn0sRtesYucE/sD6/AFZxZN+</latexit>

Bi,2

<latexit sha1_base64="Fp4UG8m4rhpJPF8xs4kKNmCuqhk=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFcSElKQd2VunFZwT6gDWEynbRDJ5MwMymU0D9x40IRt/6JO//GSZuFth4YOJxzL/fMCRLOlHacb2tjc2t7Z7e0V94/ODw6tk9OOypOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJve5351SqVgsnvQsoV6ER4KFjGBtJN+2BxHW4yDMmnM/Y9e1uW9XnKqzAFonbkEqUKDl21+DYUzSiApNOFaq7zqJ9jIsNSOczsuDVNEEkwke0b6hAkdUedki+RxdGmWIwliaJzRaqL83MhwpNYsCM5nnVKteLv7n9VMd3noZE0mqqSDLQ2HKkY5RXgMaMkmJ5jNDMJHMZEVkjCUm2pRVNiW4q19eJ51a1a1X7x7rlUazqKME53ABV+DCDTTgAVrQBgJTeIZXeLMy68V6tz6WoxtWsXMGf2B9/gBYQJN9</latexit>

Bi,1

<latexit sha1_base64="JVHs5u/bVv0B9fWbtwXAQBNZsSI=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiBXVX6sZlBfuANoTJdNIOnUzCzKRQQv7EjQtF3Pon7vwbp20W2npg4HDOvdwzJ0g4U9pxvq3SxubW9k55t7K3f3B4ZB+fdFScSkLbJOax7AVYUc4EbWumOe0lkuIo4LQbTO7nfndKpWKxeNKzhHoRHgkWMoK1kXzbHkRYj4Mwa+Z+xq7c3LerTs1ZAK0TtyBVKNDy7a/BMCZpRIUmHCvVd51EexmWmhFO88ogVTTBZIJHtG+owBFVXrZInqMLowxRGEvzhEYL9fdGhiOlZlFgJuc51ao3F//z+qkOb72MiSTVVJDloTDlSMdoXgMaMkmJ5jNDMJHMZEVkjCUm2pRVMSW4q19eJ53rmluv3T3Wq41mUUcZzuAcLsGFG2jAA7SgDQSm8Ayv8GZl1ov1bn0sR0tWsXMKf2B9/gBWu5N8</latexit>

Fi,1

<latexit sha1_base64="U/uxyuL+qHdp2eNkvoQWXfloRxc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiBXVXFMRlBfuANoTJdNIOnUzCzKRQQv7EjQtF3Pon7vwbp20W2npg4HDOvdwzJ0g4U9pxvq3S2vrG5lZ5u7Kzu7d/YB8etVWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjO9mfmdCpWKxeNLThHoRHgoWMoK1kXzb7kdYj4Iwu8/9jF24uW9XnZozB1olbkGqUKDp21/9QUzSiApNOFaq5zqJ9jIsNSOc5pV+qmiCyRgPac9QgSOqvGyePEdnRhmgMJbmCY3m6u+NDEdKTaPATM5yqmVvJv7n9VIdXnsZE0mqqSCLQ2HKkY7RrAY0YJISzaeGYCKZyYrICEtMtCmrYkpwl7+8StqXNbdeu3msVxu3RR1lOIFTOAcXrqABD9CEFhCYwDO8wpuVWS/Wu/WxGC1Zxc4x/IH1+QNc55OA</latexit>

Fi,2

<latexit sha1_base64="nslUSo3n4vMIep93fPJdUTDAgvU=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFcSElKQd0VBXFZwT6gDWEynbRDJ5MwMymU0D9x40IRt/6JO//GSZuFth4YOJxzL/fMCRLOlHacb2ttfWNza7u0U97d2z84tI+O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxne535lQqVgsnvQ0oV6Eh4KFjGBtJN+2+xHWoyDM7md+xi5rM9+uOFVnDrRK3IJUoEDTt7/6g5ikERWacKxUz3US7WVYakY4nZX7qaIJJmM8pD1DBY6o8rJ58hk6N8oAhbE0T2g0V39vZDhSahoFZjLPqZa9XPzP66U6vPYyJpJUU0EWh8KUIx2jvAY0YJISzaeGYCKZyYrICEtMtCmrbEpwl7+8Stq1qluv3jzWK43boo4SnMIZXIALV9CAB2hCCwhM4Ble4c3KrBfr3fpYjK5Zxc4J/IH1+QNebJOB</latexit>

Fi,3

<latexit sha1_base64="23EUKUARajm4n6UjtL6kjIPxe1Q=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFcSEm0oO6KgrisYB/QhjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt7Wyura+sVnaKm/v7O7t2weHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3747vcb0+oVCwST3oaUy/EQ8ECRrA2Ut+2eyHWIz9I77N+ys4vs75dcarODGiZuAWpQIFG3/7qDSKShFRowrFSXdeJtZdiqRnhNCv3EkVjTMZ4SLuGChxS5aWz5Bk6NcoABZE0T2g0U39vpDhUahr6ZjLPqRa9XPzP6yY6uPZSJuJEU0Hmh4KEIx2hvAY0YJISzaeGYCKZyYrICEtMtCmrbEpwF7+8TFoXVbdWvXmsVeq3RR0lOIYTOAMXrqAOD9CAJhCYwDO8wpuVWi/Wu/UxH12xip0j+APr8wdf8ZOC</latexit>

Fi,4

<latexit sha1_base64="3Z3opSBqDiDS2ogpl1l7MtjKd1k=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiBXVXFMRlBfuANoTJdNIOnUzCzKRQQv7EjQtF3Pon7vwbp20W2npg4HDOvdwzJ0g4U9pxvq3S2vrG5lZ5u7Kzu7d/YB8etVWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjO9mfmdCpWKxeNLThHoRHgoWMoK1kXzb7kdYj4Iwu8/9jF3Uc9+uOjVnDrRK3IJUoUDTt7/6g5ikERWacKxUz3US7WVYakY4zSv9VNEEkzEe0p6hAkdUedk8eY7OjDJAYSzNExrN1d8bGY6UmkaBmZzlVMveTPzP66U6vPYyJpJUU0EWh8KUIx2jWQ1owCQlmk8NwUQykxWREZaYaFNWxZTgLn95lbQva269dvNYrzZuizrKcAKncA4uXEEDHqAJLSAwgWd4hTcrs16sd+tjMVqyip1j+APr8wdhdpOD</latexit>

Fi,5

<latexit sha1_base64="tPrfASfEVkWoam5uE7b9X1tcivY=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFcSEmkou6KgrisYB/QhjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt7Wyura+sVnaKm/v7O7t2weHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3747vcb0+oVCwST3oaUy/EQ8ECRrA2Ut+2eyHWIz9I77N+ys4vs75dcarODGiZuAWpQIFG3/7qDSKShFRowrFSXdeJtZdiqRnhNCv3EkVjTMZ4SLuGChxS5aWz5Bk6NcoABZE0T2g0U39vpDhUahr6ZjLPqRa9XPzP6yY6uPZSJuJEU0Hmh4KEIx2hvAY0YJISzaeGYCKZyYrICEtMtCmrbEpwF7+8TFoXVbdWvXmsVeq3RR0lOIYTOAMXrqAOD9CAJhCYwDO8wpuVWi/Wu/UxH12xip0j+APr8wdi+5OE</latexit>

pi,5

<latexit sha1_base64="ysgjrtEw5dj+rM/9dkiccVkBiS0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiFXVXdOOygn1AG8pkOmmHTiZhZlIoIX/ixoUibv0Td/6NkzYLbT0wcDjnXu6Z48ecKe0431ZpbX1jc6u8XdnZ3ds/sA+P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJ/e535lSqVgknvQspl6IR4IFjGBtpIFt90Osx36QxtkgZRdX2cCuOjVnDrRK3IJUoUBzYH/1hxFJQio04VipnuvE2kux1IxwmlX6iaIxJhM8oj1DBQ6p8tJ58gydGWWIgkiaJzSaq783UhwqNQt9M5nnVMteLv7n9RId3HgpE3GiqSCLQ0HCkY5QXgMaMkmJ5jNDMJHMZEVkjCUm2pRVMSW4y19eJe3Lmluv3T7Wq427oo4ynMApnIML19CAB2hCCwhM4Rle4c1KrRfr3fpYjJasYucY/sD6/AGjyZOu</latexit>

pi,4

<latexit sha1_base64="DwUMTgFnOc1JcbBVX/6PqBG8gl8=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCBymJFNRb0YvHCtYW2hA22027dLMJu5tCCfknXjwo4tV/4s1/46bNQVsHFoaZ93izEyScKe0431ZlbX1jc6u6XdvZ3ds/sA+PnlScSkI7JOax7AVYUc4E7WimOe0lkuIo4LQbTO4KvzulUrFYPOpZQr0IjwQLGcHaSL5tDyKsx0GYJbmfsYtm7tt1p+HMgVaJW5I6lGj79tdgGJM0okITjpXqu06ivQxLzQineW2QKppgMsEj2jdU4IgqL5snz9GZUYYojKV5QqO5+nsjw5FSsygwk0VOtewV4n9eP9XhtZcxkaSaCrI4FKYc6RgVNaAhk5RoPjMEE8lMVkTGWGKiTVk1U4K7/OVV8nTZcJuNm4dmvXVb1lGFEziFc3DhClpwD23oAIEpPMMrvFmZ9WK9Wx+L0YpV7hzDH1ifP6JEk60=</latexit>

pi,3

<latexit sha1_base64="RYPOWZ07nBvll5GYbSpFazjpMG4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkqiBXVXdOOygn1AG8pkOmmHTiZhZlIoIX/ixoUibv0Td/6NkzYLbT0wcDjnXu6Z48ecKe0431ZpbX1jc6u8XdnZ3ds/sA+P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJ/e535lSqVgknvQspl6IR4IFjGBtpIFt90Osx36QxtkgZRdX2cCuOjVnDrRK3IJUoUBzYH/1hxFJQio04VipnuvE2kux1IxwmlX6iaIxJhM8oj1DBQ6p8tJ58gydGWWIgkiaJzSaq783UhwqNQt9M5nnVMteLv7n9RId3HgpE3GiqSCLQ0HCkY5QXgMaMkmJ5jNDMJHMZEVkjCUm2pRVMSW4y19eJe3Lmluv3T7Wq427oo4ynMApnIML19CAB2hCCwhM4Rle4c1KrRfr3fpYjJasYucY/sD6/AGgv5Os</latexit>

pi,2

<latexit sha1_base64="9EBZHx6vQ7XYh1DxtgubkN+IGYY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkpSCuqu6MZlBfuANoTJdNIOnUzCzKRQQv/EjQtF3Pon7vwbJ20W2npg4HDOvdwzJ0g4U9pxvq3SxubW9k55t7K3f3B4ZB+fdFScSkLbJOax7AVYUc4EbWumOe0lkuIo4LQbTO5zvzulUrFYPOlZQr0IjwQLGcHaSL5tDyKsx0GYJXM/Y1f1uW9XnZqzAFonbkGqUKDl21+DYUzSiApNOFaq7zqJ9jIsNSOcziuDVNEEkwke0b6hAkdUedki+RxdGGWIwliaJzRaqL83MhwpNYsCM5nnVKteLv7n9VMd3ngZE0mqqSDLQ2HKkY5RXgMaMkmJ5jNDMJHMZEVkjCUm2pRVMSW4q19eJ516zW3Ubh8b1eZdUUcZzuAcLsGFa2jCA7SgDQSm8Ayv8GZl1ov1bn0sR0tWsXMKf2B9/gCfOpOr</latexit>

pi,1

<latexit sha1_base64="qUXF4qMcE7M3M37ONlfvzxUkzro=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCBymJFNRb0YvHCtYW2hA22027dLMJu5tCCfknXjwo4tV/4s1/46bNQVsHFoaZ93izEyScKe0431ZlbX1jc6u6XdvZ3ds/sA+PnlScSkI7JOax7AVYUc4E7WimOe0lkuIo4LQbTO4KvzulUrFYPOpZQr0IjwQLGcHaSL5tDyKsx0GYJbmfsQs39+2603DmQKvELUkdSrR9+2swjEkaUaEJx0r1XSfRXoalZoTTvDZIFU0wmeAR7RsqcESVl82T5+jMKEMUxtI8odFc/b2R4UipWRSYySKnWvYK8T+vn+rw2suYSFJNBVkcClOOdIyKGtCQSUo0nxmCiWQmKyJjLDHRpqyaKcFd/vIqebpsuM3GzUOz3rot66jCCZzCObhwBS24hzZ0gMAUnuEV3qzMerHerY/FaMUqd47hD6zPH521k6o=</latexit>

New convolutional architecture composed of:

• Feature Pyramid Network (FPN), to enhance small

appearing features;

• Pyramid Detail Pooling modules, to extract detailed

information about the slice.

General enough structure to be applied to any backbone

convolutional network.

It does not require additional annotation for learning, if not a

label expressing the presence/absence of the anomaly.
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