
How to Transform Kernels for Scale-Convolutions
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Scale-Convolution

Equivariance Constraint

Large-Scale

Equivariance Error vs Classification Error

Lower equivariance error leads to a
lower classification error on the MNIST-
scale dataset.

The mapping defined as:

is scale-equivariant if and only if the following is 
true with respect to the kernels.

Ivan Sosnovik, Artem Moskalev, Arnold Smeulders
UvA-Bosch Delta Lab, University of Amsterdam

When it is not satisfied an equivariance error appears
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L<latexit sha1_base64="9L0f8QeiznSjRP9rYaFQ/Eg9Z+4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiFw8eKthabEPZbF/apZtN2N0IJfRfePGgiFf/jTf/jZs2B20dWBhm3mPnTZAIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxi1QmoRsEltgw3AjuJQhoFAh+C8XXuPzyh0jyW92aSoB/RoeQhZ9RY6bEXUTMKwux22q/W3Lo7A1kmXkFqUKDZr371BjFLI5SGCap113MT42dUGc4ETiu9VGNC2ZgOsWuppBFqP5slnpITqwxIGCv7pCEz9fdGRiOtJ1FgJ/OEetHLxf+8bmrCSz/jMkkNSjb/KEwFMTHJzycDrpAZMbGEMsVtVsJGVFFmbEkVW4K3ePIyaZ/VPbfu3Z3XGldFHWU4gmM4BQ8uoAE30IQWMJDwDK/w5mjnxXl3PuajJafYOYQ/cD5/ALpdkPA=</latexit><latexit sha1_base64="9L0f8QeiznSjRP9rYaFQ/Eg9Z+4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiFw8eKthabEPZbF/apZtN2N0IJfRfePGgiFf/jTf/jZs2B20dWBhm3mPnTZAIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxi1QmoRsEltgw3AjuJQhoFAh+C8XXuPzyh0jyW92aSoB/RoeQhZ9RY6bEXUTMKwux22q/W3Lo7A1kmXkFqUKDZr371BjFLI5SGCap113MT42dUGc4ETiu9VGNC2ZgOsWuppBFqP5slnpITqwxIGCv7pCEz9fdGRiOtJ1FgJ/OEetHLxf+8bmrCSz/jMkkNSjb/KEwFMTHJzycDrpAZMbGEMsVtVsJGVFFmbEkVW4K3ePIyaZ/VPbfu3Z3XGldFHWU4gmM4BQ8uoAE30IQWMJDwDK/w5mjnxXl3PuajJafYOYQ/cD5/ALpdkPA=</latexit><latexit sha1_base64="9L0f8QeiznSjRP9rYaFQ/Eg9Z+4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiFw8eKthabEPZbF/apZtN2N0IJfRfePGgiFf/jTf/jZs2B20dWBhm3mPnTZAIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxi1QmoRsEltgw3AjuJQhoFAh+C8XXuPzyh0jyW92aSoB/RoeQhZ9RY6bEXUTMKwux22q/W3Lo7A1kmXkFqUKDZr371BjFLI5SGCap113MT42dUGc4ETiu9VGNC2ZgOsWuppBFqP5slnpITqwxIGCv7pCEz9fdGRiOtJ1FgJ/OEetHLxf+8bmrCSz/jMkkNSjb/KEwFMTHJzycDrpAZMbGEMsVtVsJGVFFmbEkVW4K3ePIyaZ/VPbfu3Z3XGldFHWU4gmM4BQ8uoAE30IQWMJDwDK/w5mjnxXl3PuajJafYOYQ/cD5/ALpdkPA=</latexit><latexit sha1_base64="9L0f8QeiznSjRP9rYaFQ/Eg9Z+4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiFw8eKthabEPZbF/apZtN2N0IJfRfePGgiFf/jTf/jZs2B20dWBhm3mPnTZAIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxi1QmoRsEltgw3AjuJQhoFAh+C8XXuPzyh0jyW92aSoB/RoeQhZ9RY6bEXUTMKwux22q/W3Lo7A1kmXkFqUKDZr371BjFLI5SGCap113MT42dUGc4ETiu9VGNC2ZgOsWuppBFqP5slnpITqwxIGCv7pCEz9fdGRiOtJ1FgJ/OEetHLxf+8bmrCSz/jMkkNSjb/KEwFMTHJzycDrpAZMbGEMsVtVsJGVFFmbEkVW4K3ePIyaZ/VPbfu3Z3XGldFHWU4gmM4BQ8uoAE30IQWMJDwDK/w5mjnxXl3PuajJafYOYQ/cD5/ALpdkPA=</latexit><latexit sha1_base64="9L0f8QeiznSjRP9rYaFQ/Eg9Z+4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiFw8eKthabEPZbF/apZtN2N0IJfRfePGgiFf/jTf/jZs2B20dWBhm3mPnTZAIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxi1QmoRsEltgw3AjuJQhoFAh+C8XXuPzyh0jyW92aSoB/RoeQhZ9RY6bEXUTMKwux22q/W3Lo7A1kmXkFqUKDZr371BjFLI5SGCap113MT42dUGc4ETiu9VGNC2ZgOsWuppBFqP5slnpITqwxIGCv7pCEz9fdGRiOtJ1FgJ/OEetHLxf+8bmrCSz/jMkkNSjb/KEwFMTHJzycDrpAZMbGEMsVtVsJGVFFmbEkVW4K3ePIyaZ/VPbfu3Z3XGldFHWU4gmM4BQ8uoAE30IQWMJDwDK/w5mjnxXl3PuajJafYOYQ/cD5/ALpdkPA=</latexit>K<latexit sha1_base64="6ZMXdFJSeKF4fDWk6p0gGmri/Mg=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF8FLBVuLbSib7Uu7dLMJuxuhhP4LLx4U8eq/8ea/cdPmoK0DC8PMe+y8CRLBtXHdb6e0srq2vlHerGxt7+zuVfcP2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvs79hydUmsfy3kwS9CM6lDzkjBorPfYiakZBmN1O+9WaW3dnIMvEK0gNCjT71a/eIGZphNIwQbXuem5i/Iwqw5nAaaWXakwoG9Mhdi2VNELtZ7PEU3JilQEJY2WfNGSm/t7IaKT1JArsZJ5QL3q5+J/XTU146WdcJqlByeYfhakgJib5+WTAFTIjJpZQprjNStiIKsqMLaliS/AWT14m7bO659a9u/Na46qoowxHcAyn4MEFNOAGmtACBhKe4RXeHO28OO/Ox3y05BQ7h/AHzucPuNiQ7w==</latexit><latexit sha1_base64="6ZMXdFJSeKF4fDWk6p0gGmri/Mg=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF8FLBVuLbSib7Uu7dLMJuxuhhP4LLx4U8eq/8ea/cdPmoK0DC8PMe+y8CRLBtXHdb6e0srq2vlHerGxt7+zuVfcP2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvs79hydUmsfy3kwS9CM6lDzkjBorPfYiakZBmN1O+9WaW3dnIMvEK0gNCjT71a/eIGZphNIwQbXuem5i/Iwqw5nAaaWXakwoG9Mhdi2VNELtZ7PEU3JilQEJY2WfNGSm/t7IaKT1JArsZJ5QL3q5+J/XTU146WdcJqlByeYfhakgJib5+WTAFTIjJpZQprjNStiIKsqMLaliS/AWT14m7bO659a9u/Na46qoowxHcAyn4MEFNOAGmtACBhKe4RXeHO28OO/Ox3y05BQ7h/AHzucPuNiQ7w==</latexit><latexit sha1_base64="6ZMXdFJSeKF4fDWk6p0gGmri/Mg=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF8FLBVuLbSib7Uu7dLMJuxuhhP4LLx4U8eq/8ea/cdPmoK0DC8PMe+y8CRLBtXHdb6e0srq2vlHerGxt7+zuVfcP2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvs79hydUmsfy3kwS9CM6lDzkjBorPfYiakZBmN1O+9WaW3dnIMvEK0gNCjT71a/eIGZphNIwQbXuem5i/Iwqw5nAaaWXakwoG9Mhdi2VNELtZ7PEU3JilQEJY2WfNGSm/t7IaKT1JArsZJ5QL3q5+J/XTU146WdcJqlByeYfhakgJib5+WTAFTIjJpZQprjNStiIKsqMLaliS/AWT14m7bO659a9u/Na46qoowxHcAyn4MEFNOAGmtACBhKe4RXeHO28OO/Ox3y05BQ7h/AHzucPuNiQ7w==</latexit><latexit sha1_base64="6ZMXdFJSeKF4fDWk6p0gGmri/Mg=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF8FLBVuLbSib7Uu7dLMJuxuhhP4LLx4U8eq/8ea/cdPmoK0DC8PMe+y8CRLBtXHdb6e0srq2vlHerGxt7+zuVfcP2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvs79hydUmsfy3kwS9CM6lDzkjBorPfYiakZBmN1O+9WaW3dnIMvEK0gNCjT71a/eIGZphNIwQbXuem5i/Iwqw5nAaaWXakwoG9Mhdi2VNELtZ7PEU3JilQEJY2WfNGSm/t7IaKT1JArsZJ5QL3q5+J/XTU146WdcJqlByeYfhakgJib5+WTAFTIjJpZQprjNStiIKsqMLaliS/AWT14m7bO659a9u/Na46qoowxHcAyn4MEFNOAGmtACBhKe4RXeHO28OO/Ox3y05BQ7h/AHzucPuNiQ7w==</latexit><latexit sha1_base64="6ZMXdFJSeKF4fDWk6p0gGmri/Mg=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF8FLBVuLbSib7Uu7dLMJuxuhhP4LLx4U8eq/8ea/cdPmoK0DC8PMe+y8CRLBtXHdb6e0srq2vlHerGxt7+zuVfcP2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvs79hydUmsfy3kwS9CM6lDzkjBorPfYiakZBmN1O+9WaW3dnIMvEK0gNCjT71a/eIGZphNIwQbXuem5i/Iwqw5nAaaWXakwoG9Mhdi2VNELtZ7PEU3JilQEJY2WfNGSm/t7IaKT1JArsZJ5QL3q5+J/XTU146WdcJqlByeYfhakgJib5+WTAFTIjJpZQprjNStiIKsqMLaliS/AWT14m7bO659a9u/Na46qoowxHcAyn4MEFNOAGmtACBhKe4RXeHO28OO/Ox3y05BQ7h/AHzucPuNiQ7w==</latexit>
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<latexit sha1_base64="XFgWTTpak6HcGhDJUnXWSxMFoCY=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgxpKIoMuiG8FNBfuANobJdNIOnUzCzEQIIf6KGxeKuPVD3Pk3TtostPXAwOGce7lnjh8zKpVtfxuVldW19Y3qZm1re2d3z9w/6MooEZh0cMQi0feRJIxy0lFUMdKPBUGhz0jPn14Xfu+RCEkjfq/SmLghGnMaUIyUljyzPgyRmvhBdpt7mXzITp0898yG3bRnsJaJU5IGlGh75tdwFOEkJFxhhqQcOHas3AwJRTEjeW2YSBIjPEVjMtCUo5BIN5uFz61jrYysIBL6cWXN1N8bGQqlTENfTxZR5aJXiP95g0QFl25GeZwowvH8UJAwS0VW0YQ1ooJgxVJNEBZUZ7XwBAmEle6rpktwFr+8TLpnTcduOnfnjdZVWUcVDuEITsCBC2jBDbShAxhSeIZXeDOejBfj3fiYj1aMcqcOf2B8/gD8IJT4</latexit><latexit sha1_base64="XFgWTTpak6HcGhDJUnXWSxMFoCY=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgxpKIoMuiG8FNBfuANobJdNIOnUzCzEQIIf6KGxeKuPVD3Pk3TtostPXAwOGce7lnjh8zKpVtfxuVldW19Y3qZm1re2d3z9w/6MooEZh0cMQi0feRJIxy0lFUMdKPBUGhz0jPn14Xfu+RCEkjfq/SmLghGnMaUIyUljyzPgyRmvhBdpt7mXzITp0898yG3bRnsJaJU5IGlGh75tdwFOEkJFxhhqQcOHas3AwJRTEjeW2YSBIjPEVjMtCUo5BIN5uFz61jrYysIBL6cWXN1N8bGQqlTENfTxZR5aJXiP95g0QFl25GeZwowvH8UJAwS0VW0YQ1ooJgxVJNEBZUZ7XwBAmEle6rpktwFr+8TLpnTcduOnfnjdZVWUcVDuEITsCBC2jBDbShAxhSeIZXeDOejBfj3fiYj1aMcqcOf2B8/gD8IJT4</latexit><latexit sha1_base64="XFgWTTpak6HcGhDJUnXWSxMFoCY=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgxpKIoMuiG8FNBfuANobJdNIOnUzCzEQIIf6KGxeKuPVD3Pk3TtostPXAwOGce7lnjh8zKpVtfxuVldW19Y3qZm1re2d3z9w/6MooEZh0cMQi0feRJIxy0lFUMdKPBUGhz0jPn14Xfu+RCEkjfq/SmLghGnMaUIyUljyzPgyRmvhBdpt7mXzITp0898yG3bRnsJaJU5IGlGh75tdwFOEkJFxhhqQcOHas3AwJRTEjeW2YSBIjPEVjMtCUo5BIN5uFz61jrYysIBL6cWXN1N8bGQqlTENfTxZR5aJXiP95g0QFl25GeZwowvH8UJAwS0VW0YQ1ooJgxVJNEBZUZ7XwBAmEle6rpktwFr+8TLpnTcduOnfnjdZVWUcVDuEITsCBC2jBDbShAxhSeIZXeDOejBfj3fiYj1aMcqcOf2B8/gD8IJT4</latexit><latexit sha1_base64="XFgWTTpak6HcGhDJUnXWSxMFoCY=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgxpKIoMuiG8FNBfuANobJdNIOnUzCzEQIIf6KGxeKuPVD3Pk3TtostPXAwOGce7lnjh8zKpVtfxuVldW19Y3qZm1re2d3z9w/6MooEZh0cMQi0feRJIxy0lFUMdKPBUGhz0jPn14Xfu+RCEkjfq/SmLghGnMaUIyUljyzPgyRmvhBdpt7mXzITp0898yG3bRnsJaJU5IGlGh75tdwFOEkJFxhhqQcOHas3AwJRTEjeW2YSBIjPEVjMtCUo5BIN5uFz61jrYysIBL6cWXN1N8bGQqlTENfTxZR5aJXiP95g0QFl25GeZwowvH8UJAwS0VW0YQ1ooJgxVJNEBZUZ7XwBAmEle6rpktwFr+8TLpnTcduOnfnjdZVWUcVDuEITsCBC2jBDbShAxhSeIZXeDOejBfj3fiYj1aMcqcOf2B8/gD8IJT4</latexit><latexit sha1_base64="XFgWTTpak6HcGhDJUnXWSxMFoCY=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgxpKIoMuiG8FNBfuANobJdNIOnUzCzEQIIf6KGxeKuPVD3Pk3TtostPXAwOGce7lnjh8zKpVtfxuVldW19Y3qZm1re2d3z9w/6MooEZh0cMQi0feRJIxy0lFUMdKPBUGhz0jPn14Xfu+RCEkjfq/SmLghGnMaUIyUljyzPgyRmvhBdpt7mXzITp0898yG3bRnsJaJU5IGlGh75tdwFOEkJFxhhqQcOHas3AwJRTEjeW2YSBIjPEVjMtCUo5BIN5uFz61jrYysIBL6cWXN1N8bGQqlTENfTxZR5aJXiP95g0QFl25GeZwowvH8UJAwS0VW0YQ1ooJgxVJNEBZUZ7XwBAmEle6rpktwFr+8TLpnTcduOnfnjdZVWUcVDuEITsCBC2jBDbShAxhSeIZXeDOejBfj3fiYj1aMcqcOf2B8/gD8IJT4</latexit>

L<latexit sha1_base64="9L0f8QeiznSjRP9rYaFQ/Eg9Z+4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiFw8eKthabEPZbF/apZtN2N0IJfRfePGgiFf/jTf/jZs2B20dWBhm3mPnTZAIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxi1QmoRsEltgw3AjuJQhoFAh+C8XXuPzyh0jyW92aSoB/RoeQhZ9RY6bEXUTMKwux22q/W3Lo7A1kmXkFqUKDZr371BjFLI5SGCap113MT42dUGc4ETiu9VGNC2ZgOsWuppBFqP5slnpITqwxIGCv7pCEz9fdGRiOtJ1FgJ/OEetHLxf+8bmrCSz/jMkkNSjb/KEwFMTHJzycDrpAZMbGEMsVtVsJGVFFmbEkVW4K3ePIyaZ/VPbfu3Z3XGldFHWU4gmM4BQ8uoAE30IQWMJDwDK/w5mjnxXl3PuajJafYOYQ/cD5/ALpdkPA=</latexit><latexit sha1_base64="9L0f8QeiznSjRP9rYaFQ/Eg9Z+4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiFw8eKthabEPZbF/apZtN2N0IJfRfePGgiFf/jTf/jZs2B20dWBhm3mPnTZAIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxi1QmoRsEltgw3AjuJQhoFAh+C8XXuPzyh0jyW92aSoB/RoeQhZ9RY6bEXUTMKwux22q/W3Lo7A1kmXkFqUKDZr371BjFLI5SGCap113MT42dUGc4ETiu9VGNC2ZgOsWuppBFqP5slnpITqwxIGCv7pCEz9fdGRiOtJ1FgJ/OEetHLxf+8bmrCSz/jMkkNSjb/KEwFMTHJzycDrpAZMbGEMsVtVsJGVFFmbEkVW4K3ePIyaZ/VPbfu3Z3XGldFHWU4gmM4BQ8uoAE30IQWMJDwDK/w5mjnxXl3PuajJafYOYQ/cD5/ALpdkPA=</latexit><latexit sha1_base64="9L0f8QeiznSjRP9rYaFQ/Eg9Z+4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiFw8eKthabEPZbF/apZtN2N0IJfRfePGgiFf/jTf/jZs2B20dWBhm3mPnTZAIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxi1QmoRsEltgw3AjuJQhoFAh+C8XXuPzyh0jyW92aSoB/RoeQhZ9RY6bEXUTMKwux22q/W3Lo7A1kmXkFqUKDZr371BjFLI5SGCap113MT42dUGc4ETiu9VGNC2ZgOsWuppBFqP5slnpITqwxIGCv7pCEz9fdGRiOtJ1FgJ/OEetHLxf+8bmrCSz/jMkkNSjb/KEwFMTHJzycDrpAZMbGEMsVtVsJGVFFmbEkVW4K3ePIyaZ/VPbfu3Z3XGldFHWU4gmM4BQ8uoAE30IQWMJDwDK/w5mjnxXl3PuajJafYOYQ/cD5/ALpdkPA=</latexit><latexit sha1_base64="9L0f8QeiznSjRP9rYaFQ/Eg9Z+4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiFw8eKthabEPZbF/apZtN2N0IJfRfePGgiFf/jTf/jZs2B20dWBhm3mPnTZAIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxi1QmoRsEltgw3AjuJQhoFAh+C8XXuPzyh0jyW92aSoB/RoeQhZ9RY6bEXUTMKwux22q/W3Lo7A1kmXkFqUKDZr371BjFLI5SGCap113MT42dUGc4ETiu9VGNC2ZgOsWuppBFqP5slnpITqwxIGCv7pCEz9fdGRiOtJ1FgJ/OEetHLxf+8bmrCSz/jMkkNSjb/KEwFMTHJzycDrpAZMbGEMsVtVsJGVFFmbEkVW4K3ePIyaZ/VPbfu3Z3XGldFHWU4gmM4BQ8uoAE30IQWMJDwDK/w5mjnxXl3PuajJafYOYQ/cD5/ALpdkPA=</latexit><latexit sha1_base64="9L0f8QeiznSjRP9rYaFQ/Eg9Z+4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiFw8eKthabEPZbF/apZtN2N0IJfRfePGgiFf/jTf/jZs2B20dWBhm3mPnTZAIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxi1QmoRsEltgw3AjuJQhoFAh+C8XXuPzyh0jyW92aSoB/RoeQhZ9RY6bEXUTMKwux22q/W3Lo7A1kmXkFqUKDZr371BjFLI5SGCap113MT42dUGc4ETiu9VGNC2ZgOsWuppBFqP5slnpITqwxIGCv7pCEz9fdGRiOtJ1FgJ/OEetHLxf+8bmrCSz/jMkkNSjb/KEwFMTHJzycDrpAZMbGEMsVtVsJGVFFmbEkVW4K3ePIyaZ/VPbfu3Z3XGldFHWU4gmM4BQ8uoAE30IQWMJDwDK/w5mjnxXl3PuajJafYOYQ/cD5/ALpdkPA=</latexit>

The equivariance constraint can be
rewritten in the matrix form as
follows:

It has a solution only if the downscaling is performed by an integer scale factor. In this
cases, the solution is a dilated filter. In all other cases, only an approximated solution can
be computed as follows, for example:

Dilation

Approximate Solution

1
<latexit sha1_base64="EyKco/O7F9DdSwm0CGPOdbBc62g=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhs7PjzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZppyho0FaluR2iY4JI1LLeCtZVmmESCtaLR7cxvPTFteCof7FixMMGB5DGnaJ3U7o5QKewFvXLFr/pzkFUS5KQCOeq98le3n9IsYdJSgcZ0Al/ZcILacirYtNTNDFNIRzhgHUclJsyEk/m9U3LmlD6JU+1KWjJXf09MMDFmnESuM0E7NMveTPzP62Q2vg4nXKrMMkkXi+JMEJuS2fOkzzWjVowdQaq5u5XQIWqk1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAUBz/AKb96j9+K9ex+L1oKXzxzDH3ifP7+Kj8M=</latexit><latexit sha1_base64="EyKco/O7F9DdSwm0CGPOdbBc62g=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhs7PjzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZppyho0FaluR2iY4JI1LLeCtZVmmESCtaLR7cxvPTFteCof7FixMMGB5DGnaJ3U7o5QKewFvXLFr/pzkFUS5KQCOeq98le3n9IsYdJSgcZ0Al/ZcILacirYtNTNDFNIRzhgHUclJsyEk/m9U3LmlD6JU+1KWjJXf09MMDFmnESuM0E7NMveTPzP62Q2vg4nXKrMMkkXi+JMEJuS2fOkzzWjVowdQaq5u5XQIWqk1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAUBz/AKb96j9+K9ex+L1oKXzxzDH3ifP7+Kj8M=</latexit><latexit sha1_base64="EyKco/O7F9DdSwm0CGPOdbBc62g=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhs7PjzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZppyho0FaluR2iY4JI1LLeCtZVmmESCtaLR7cxvPTFteCof7FixMMGB5DGnaJ3U7o5QKewFvXLFr/pzkFUS5KQCOeq98le3n9IsYdJSgcZ0Al/ZcILacirYtNTNDFNIRzhgHUclJsyEk/m9U3LmlD6JU+1KWjJXf09MMDFmnESuM0E7NMveTPzP62Q2vg4nXKrMMkkXi+JMEJuS2fOkzzWjVowdQaq5u5XQIWqk1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAUBz/AKb96j9+K9ex+L1oKXzxzDH3ifP7+Kj8M=</latexit><latexit sha1_base64="EyKco/O7F9DdSwm0CGPOdbBc62g=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhs7PjzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZppyho0FaluR2iY4JI1LLeCtZVmmESCtaLR7cxvPTFteCof7FixMMGB5DGnaJ3U7o5QKewFvXLFr/pzkFUS5KQCOeq98le3n9IsYdJSgcZ0Al/ZcILacirYtNTNDFNIRzhgHUclJsyEk/m9U3LmlD6JU+1KWjJXf09MMDFmnESuM0E7NMveTPzP62Q2vg4nXKrMMkkXi+JMEJuS2fOkzzWjVowdQaq5u5XQIWqk1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAUBz/AKb96j9+K9ex+L1oKXzxzDH3ifP7+Kj8M=</latexit><latexit sha1_base64="EyKco/O7F9DdSwm0CGPOdbBc62g=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhs7PjzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZppyho0FaluR2iY4JI1LLeCtZVmmESCtaLR7cxvPTFteCof7FixMMGB5DGnaJ3U7o5QKewFvXLFr/pzkFUS5KQCOeq98le3n9IsYdJSgcZ0Al/ZcILacirYtNTNDFNIRzhgHUclJsyEk/m9U3LmlD6JU+1KWjJXf09MMDFmnESuM0E7NMveTPzP62Q2vg4nXKrMMkkXi+JMEJuS2fOkzzWjVowdQaq5u5XQIWqk1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAUBz/AKb96j9+K9ex+L1oKXzxzDH3ifP7+Kj8M=</latexit>

2
<latexit sha1_base64="VghVguiIEYLRJCtZSnbiTGXeyXY=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCb2TSTJkdnacmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdgp7u7tHxyWjo6bJkk1ZQ2aiES3IzRMcMkallvB2kozjCPBWtH4dua3npg2PJEPdqJYGONQ8gGnaJ3U7o5RKexVe6WyX/HnIKskyEkZctR7pa9uP6FpzKSlAo3pBL6yYYbacirYtNhNDVNIxzhkHUclxsyE2fzeKTl3Sp8MEu1KWjJXf09kGBsziSPXGaMdmWVvJv7ndVI7uA4zLlVqmaSLRYNUEJuQ2fOkzzWjVkwcQaq5u5XQEWqk1kVUdCEEyy+vkma1EviV4P6yXLvJ4yjAKZzBBQRwBTW4gzo0gIKAZ3iFN+/Re/HevY9F65qXz5zAH3ifP8EOj8Q=</latexit><latexit sha1_base64="VghVguiIEYLRJCtZSnbiTGXeyXY=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCb2TSTJkdnacmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdgp7u7tHxyWjo6bJkk1ZQ2aiES3IzRMcMkallvB2kozjCPBWtH4dua3npg2PJEPdqJYGONQ8gGnaJ3U7o5RKexVe6WyX/HnIKskyEkZctR7pa9uP6FpzKSlAo3pBL6yYYbacirYtNhNDVNIxzhkHUclxsyE2fzeKTl3Sp8MEu1KWjJXf09kGBsziSPXGaMdmWVvJv7ndVI7uA4zLlVqmaSLRYNUEJuQ2fOkzzWjVkwcQaq5u5XQEWqk1kVUdCEEyy+vkma1EviV4P6yXLvJ4yjAKZzBBQRwBTW4gzo0gIKAZ3iFN+/Re/HevY9F65qXz5zAH3ifP8EOj8Q=</latexit><latexit sha1_base64="VghVguiIEYLRJCtZSnbiTGXeyXY=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCb2TSTJkdnacmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdgp7u7tHxyWjo6bJkk1ZQ2aiES3IzRMcMkallvB2kozjCPBWtH4dua3npg2PJEPdqJYGONQ8gGnaJ3U7o5RKexVe6WyX/HnIKskyEkZctR7pa9uP6FpzKSlAo3pBL6yYYbacirYtNhNDVNIxzhkHUclxsyE2fzeKTl3Sp8MEu1KWjJXf09kGBsziSPXGaMdmWVvJv7ndVI7uA4zLlVqmaSLRYNUEJuQ2fOkzzWjVkwcQaq5u5XQEWqk1kVUdCEEyy+vkma1EviV4P6yXLvJ4yjAKZzBBQRwBTW4gzo0gIKAZ3iFN+/Re/HevY9F65qXz5zAH3ifP8EOj8Q=</latexit><latexit sha1_base64="VghVguiIEYLRJCtZSnbiTGXeyXY=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCb2TSTJkdnacmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdgp7u7tHxyWjo6bJkk1ZQ2aiES3IzRMcMkallvB2kozjCPBWtH4dua3npg2PJEPdqJYGONQ8gGnaJ3U7o5RKexVe6WyX/HnIKskyEkZctR7pa9uP6FpzKSlAo3pBL6yYYbacirYtNhNDVNIxzhkHUclxsyE2fzeKTl3Sp8MEu1KWjJXf09kGBsziSPXGaMdmWVvJv7ndVI7uA4zLlVqmaSLRYNUEJuQ2fOkzzWjVkwcQaq5u5XQEWqk1kVUdCEEyy+vkma1EviV4P6yXLvJ4yjAKZzBBQRwBTW4gzo0gIKAZ3iFN+/Re/HevY9F65qXz5zAH3ifP8EOj8Q=</latexit><latexit sha1_base64="VghVguiIEYLRJCtZSnbiTGXeyXY=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkCb2TSTJkdnacmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdgp7u7tHxyWjo6bJkk1ZQ2aiES3IzRMcMkallvB2kozjCPBWtH4dua3npg2PJEPdqJYGONQ8gGnaJ3U7o5RKexVe6WyX/HnIKskyEkZctR7pa9uP6FpzKSlAo3pBL6yYYbacirYtNhNDVNIxzhkHUclxsyE2fzeKTl3Sp8MEu1KWjJXf09kGBsziSPXGaMdmWVvJv7ndVI7uA4zLlVqmaSLRYNUEJuQ2fOkzzWjVkwcQaq5u5XQEWqk1kVUdCEEyy+vkma1EviV4P6yXLvJ4yjAKZzBBQRwBTW4gzo0gIKAZ3iFN+/Re/HevY9F65qXz5zAH3ifP8EOj8Q=</latexit>

4
<latexit sha1_base64="zt5JOrYrbhbJv2dMKmESQGTfMFk=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ie0S5lNs21okg1JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRmAoZ5K2LLOcdpWmICJOO9HkNvc7T1QblsgHO1U0FDCSLGYErJMe+xNQCgaXlUG15tf9OfAqCQpSQwWag+pXf5iQVFBpCQdjeoGvbJiBtoxwOqv0U0MVkAmMaM9RCYKaMJsfPMNnThniONGupMVz9fdEBsKYqYhcpwA7NsteLv7n9VIbX4cZkyq1VJLFojjl2CY4/x4PmabE8qkjQDRzt2IyBg3EuozyEILll1dJ+6Ie+PXg/rLWuCniKKMTdIrOUYCuUAPdoSZqIYIEekav6M3T3ov37n0sWkteMXOM/sD7/AH7LI/a</latexit><latexit sha1_base64="zt5JOrYrbhbJv2dMKmESQGTfMFk=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ie0S5lNs21okg1JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRmAoZ5K2LLOcdpWmICJOO9HkNvc7T1QblsgHO1U0FDCSLGYErJMe+xNQCgaXlUG15tf9OfAqCQpSQwWag+pXf5iQVFBpCQdjeoGvbJiBtoxwOqv0U0MVkAmMaM9RCYKaMJsfPMNnThniONGupMVz9fdEBsKYqYhcpwA7NsteLv7n9VIbX4cZkyq1VJLFojjl2CY4/x4PmabE8qkjQDRzt2IyBg3EuozyEILll1dJ+6Ie+PXg/rLWuCniKKMTdIrOUYCuUAPdoSZqIYIEekav6M3T3ov37n0sWkteMXOM/sD7/AH7LI/a</latexit><latexit sha1_base64="zt5JOrYrbhbJv2dMKmESQGTfMFk=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ie0S5lNs21okg1JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRmAoZ5K2LLOcdpWmICJOO9HkNvc7T1QblsgHO1U0FDCSLGYErJMe+xNQCgaXlUG15tf9OfAqCQpSQwWag+pXf5iQVFBpCQdjeoGvbJiBtoxwOqv0U0MVkAmMaM9RCYKaMJsfPMNnThniONGupMVz9fdEBsKYqYhcpwA7NsteLv7n9VIbX4cZkyq1VJLFojjl2CY4/x4PmabE8qkjQDRzt2IyBg3EuozyEILll1dJ+6Ie+PXg/rLWuCniKKMTdIrOUYCuUAPdoSZqIYIEekav6M3T3ov37n0sWkteMXOM/sD7/AH7LI/a</latexit><latexit sha1_base64="zt5JOrYrbhbJv2dMKmESQGTfMFk=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ie0S5lNs21okg1JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRmAoZ5K2LLOcdpWmICJOO9HkNvc7T1QblsgHO1U0FDCSLGYErJMe+xNQCgaXlUG15tf9OfAqCQpSQwWag+pXf5iQVFBpCQdjeoGvbJiBtoxwOqv0U0MVkAmMaM9RCYKaMJsfPMNnThniONGupMVz9fdEBsKYqYhcpwA7NsteLv7n9VIbX4cZkyq1VJLFojjl2CY4/x4PmabE8qkjQDRzt2IyBg3EuozyEILll1dJ+6Ie+PXg/rLWuCniKKMTdIrOUYCuUAPdoSZqIYIEekav6M3T3ov37n0sWkteMXOM/sD7/AH7LI/a</latexit><latexit sha1_base64="zt5JOrYrbhbJv2dMKmESQGTfMFk=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ie0S5lNs21okg1JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRmAoZ5K2LLOcdpWmICJOO9HkNvc7T1QblsgHO1U0FDCSLGYErJMe+xNQCgaXlUG15tf9OfAqCQpSQwWag+pXf5iQVFBpCQdjeoGvbJiBtoxwOqv0U0MVkAmMaM9RCYKaMJsfPMNnThniONGupMVz9fdEBsKYqYhcpwA7NsteLv7n9VIbX4cZkyq1VJLFojjl2CY4/x4PmabE8qkjQDRzt2IyBg3EuozyEILll1dJ+6Ie+PXg/rLWuCniKKMTdIrOUYCuUAPdoSZqIYIEekav6M3T3ov37n0sWkteMXOM/sD7/AH7LI/a</latexit>

2
p
2

<latexit sha1_base64="F0Hwoyxt1u7EzIKIzHhrNW0G1wM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQIuiy6cVnBPqAJYTKdtEMnk3FmIoQQf8WNC0Xc+iHu/BsnbRbaeuDC4Zx7ufeeUDCqtON8W2vrG5tb27Wd+u7e/sGhfXTcV0kqMenhhCVyGCJFGOWkp6lmZCgkQXHIyCCc3ZT+4JFIRRN+rzNB/BhNOI0oRtpIgd3wZkgIFORtTz1InbeLoh7YTaflzAFXiVuRJqjQDewvb5zgNCZcY4aUGrmO0H6OpKaYkaLupYoIhGdoQkaGchQT5efz4wt4ZpQxjBJpims4V39P5ChWKotD0xkjPVXLXin+541SHV35OeUi1YTjxaIoZVAnsEwCjqkkWLPMEIQlNbdCPEUSYW3yKkNwl19eJf12y3Va7t1Fs3NdxVEDJ+AUnAMXXIIOuAVd0AMYZOAZvII368l6sd6tj0XrmlXNNMAfWJ8/lYuUtQ==</latexit><latexit sha1_base64="F0Hwoyxt1u7EzIKIzHhrNW0G1wM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQIuiy6cVnBPqAJYTKdtEMnk3FmIoQQf8WNC0Xc+iHu/BsnbRbaeuDC4Zx7ufeeUDCqtON8W2vrG5tb27Wd+u7e/sGhfXTcV0kqMenhhCVyGCJFGOWkp6lmZCgkQXHIyCCc3ZT+4JFIRRN+rzNB/BhNOI0oRtpIgd3wZkgIFORtTz1InbeLoh7YTaflzAFXiVuRJqjQDewvb5zgNCZcY4aUGrmO0H6OpKaYkaLupYoIhGdoQkaGchQT5efz4wt4ZpQxjBJpims4V39P5ChWKotD0xkjPVXLXin+541SHV35OeUi1YTjxaIoZVAnsEwCjqkkWLPMEIQlNbdCPEUSYW3yKkNwl19eJf12y3Va7t1Fs3NdxVEDJ+AUnAMXXIIOuAVd0AMYZOAZvII368l6sd6tj0XrmlXNNMAfWJ8/lYuUtQ==</latexit><latexit sha1_base64="F0Hwoyxt1u7EzIKIzHhrNW0G1wM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQIuiy6cVnBPqAJYTKdtEMnk3FmIoQQf8WNC0Xc+iHu/BsnbRbaeuDC4Zx7ufeeUDCqtON8W2vrG5tb27Wd+u7e/sGhfXTcV0kqMenhhCVyGCJFGOWkp6lmZCgkQXHIyCCc3ZT+4JFIRRN+rzNB/BhNOI0oRtpIgd3wZkgIFORtTz1InbeLoh7YTaflzAFXiVuRJqjQDewvb5zgNCZcY4aUGrmO0H6OpKaYkaLupYoIhGdoQkaGchQT5efz4wt4ZpQxjBJpims4V39P5ChWKotD0xkjPVXLXin+541SHV35OeUi1YTjxaIoZVAnsEwCjqkkWLPMEIQlNbdCPEUSYW3yKkNwl19eJf12y3Va7t1Fs3NdxVEDJ+AUnAMXXIIOuAVd0AMYZOAZvII368l6sd6tj0XrmlXNNMAfWJ8/lYuUtQ==</latexit><latexit sha1_base64="F0Hwoyxt1u7EzIKIzHhrNW0G1wM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQIuiy6cVnBPqAJYTKdtEMnk3FmIoQQf8WNC0Xc+iHu/BsnbRbaeuDC4Zx7ufeeUDCqtON8W2vrG5tb27Wd+u7e/sGhfXTcV0kqMenhhCVyGCJFGOWkp6lmZCgkQXHIyCCc3ZT+4JFIRRN+rzNB/BhNOI0oRtpIgd3wZkgIFORtTz1InbeLoh7YTaflzAFXiVuRJqjQDewvb5zgNCZcY4aUGrmO0H6OpKaYkaLupYoIhGdoQkaGchQT5efz4wt4ZpQxjBJpims4V39P5ChWKotD0xkjPVXLXin+541SHV35OeUi1YTjxaIoZVAnsEwCjqkkWLPMEIQlNbdCPEUSYW3yKkNwl19eJf12y3Va7t1Fs3NdxVEDJ+AUnAMXXIIOuAVd0AMYZOAZvII368l6sd6tj0XrmlXNNMAfWJ8/lYuUtQ==</latexit><latexit sha1_base64="F0Hwoyxt1u7EzIKIzHhrNW0G1wM=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaQIuiy6cVnBPqAJYTKdtEMnk3FmIoQQf8WNC0Xc+iHu/BsnbRbaeuDC4Zx7ufeeUDCqtON8W2vrG5tb27Wd+u7e/sGhfXTcV0kqMenhhCVyGCJFGOWkp6lmZCgkQXHIyCCc3ZT+4JFIRRN+rzNB/BhNOI0oRtpIgd3wZkgIFORtTz1InbeLoh7YTaflzAFXiVuRJqjQDewvb5zgNCZcY4aUGrmO0H6OpKaYkaLupYoIhGdoQkaGchQT5efz4wt4ZpQxjBJpims4V39P5ChWKotD0xkjPVXLXin+541SHV35OeUi1YTjxaIoZVAnsEwCjqkkWLPMEIQlNbdCPEUSYW3yKkNwl19eJf12y3Va7t1Fs3NdxVEDJ+AUnAMXXIIOuAVd0AMYZOAZvII368l6sd6tj0XrmlXNNMAfWJ8/lYuUtQ==</latexit>

p
2
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Fixed Basis

Multiscale Kernel

Trainable Weights

DISCO Kernels are computed via multiplying a fixed multi-scale basis with trainable weights.
2 is the smallest non-integer scale, for which the kernel is approximated by minimizing the

equivariance constraint, the rest of the kernels can be obtained with dilation.
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The proposed DISCO filters allow for more accurate classification on STL-10 (left) and faster
inference when it is extremely important, such as on OTB-13 (Right).


