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Using (purple box) range-based EER, or point-based EER with unseen and finer 
temporal resolutions compared with the training resolution. And considering range-
based EER when the training temporal resolution is unknown!
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FNR = FPR Seg. scoreUtt. score

(Point-based)
Number of misclassified segments Duration of misclassified regions 
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Biometric technologies are vulnerable to Presentation Attack Instrument (PAI).
Biometric characteristic or object used in a presentation attack.

ISO/IEC JTC1 SC37 Biometrics: ISO/IEC 30107: Information technology — Biometric presentation attack detection (2016)
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<latexit sha1_base64="EI3jOxy/XA7/87k63Ks7l2LhSEY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6149pr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy8vk+ZZ1buounfnldp1HkcRjuAYTsGDS6jBLdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwBrQ43j</latexit>

su
<latexit sha1_base64="6XbuRR3f8694kNq6R2Vf3QQ6zO8=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWZE1GXRjcsK9gHtWDKZ2zY0kwxJplCG/okbF4q49U/c+Tdm2llo64GQwzn3kpMTJpxp43nfTmltfWNzq7xd2dnd2z9wD49aWqaKQpNKLlUnJBo4E9A0zHDoJApIHHJoh+O73G9PQGkmxaOZJhDEZCjYgFFirNR33V4oeaSnsb0ymD2lfbfq1bw58CrxC1JFBRp996sXSZrGIAzlROuu7yUmyIgyjHKYVXqphoTQMRlC11JBYtBBNk8+w2dWifBAKnuEwXP190ZGYp2Hs5MxMSO97OXif143NYObIGMiSQ0IunhokHJsJM5rwBFTQA2fWkKoYjYrpiOiCDW2rIotwV/+8ippXdT8q5r3cFmt3xZ1lNEJOkXnyEfXqI7uUQM1EUUT9Ixe0ZuTOS/Ou/OxGC05xc4x+gPn8wdGDZQT</latexit>

eu Scoring 
module

<latexit sha1_base64="BtxgN918hQV60COU3Z+zXtaYdK8=">AAAB/XicbVBLSwMxGMzWV62v9XHzEiyCp7IrouKp6MVjhb6gXZZsNm1Ds8mSZMW6LP4VLx4U8er/8Oa/MdvuQVsHQoaZ7yOTCWJGlXacb6u0tLyyulZer2xsbm3v2Lt7bSUSiUkLCyZkN0CKMMpJS1PNSDeWBEUBI51gfJP7nXsiFRW8qScx8SI05HRAMdJG8u2DfiBYqCaRudKHzE/dq2bm21Wn5kwBF4lbkCoo0PDtr34ocBIRrjFDSvVcJ9ZeiqSmmJGs0k8UiREeoyHpGcpRRJSXTtNn8NgoIRwIaQ7XcKr+3khRpPKAZjJCeqTmvVz8z+slenDppZTHiSYczx4aJAxqAfMqYEglwZpNDEFYUpMV4hGSCGtTWMWU4M5/eZG0T2vuec25O6vWr4s6yuAQHIET4IILUAe3oAFaAINH8AxewZv1ZL1Y79bHbLRkFTv74A+szx/+HJWR</latexit>x1:T
<latexit sha1_base64="BtxgN918hQV60COU3Z+zXtaYdK8=">AAAB/XicbVBLSwMxGMzWV62v9XHzEiyCp7IrouKp6MVjhb6gXZZsNm1Ds8mSZMW6LP4VLx4U8er/8Oa/MdvuQVsHQoaZ7yOTCWJGlXacb6u0tLyyulZer2xsbm3v2Lt7bSUSiUkLCyZkN0CKMMpJS1PNSDeWBEUBI51gfJP7nXsiFRW8qScx8SI05HRAMdJG8u2DfiBYqCaRudKHzE/dq2bm21Wn5kwBF4lbkCoo0PDtr34ocBIRrjFDSvVcJ9ZeiqSmmJGs0k8UiREeoyHpGcpRRJSXTtNn8NgoIRwIaQ7XcKr+3khRpPKAZjJCeqTmvVz8z+slenDppZTHiSYczx4aJAxqAfMqYEglwZpNDEFYUpMV4hGSCGtTWMWU4M5/eZG0T2vuec25O6vWr4s6yuAQHIET4IILUAe3oAFaAINH8AxewZv1ZL1Y79bHbLRkFTv74A+szx/+HJWR</latexit>x1:T(d)

Utterance
spoof

Utterance

Encoder 

Pooling

Linear

Front-end

waveform

<latexit sha1_base64="EI3jOxy/XA7/87k63Ks7l2LhSEY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6149pr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy8vk+ZZ1buounfnldp1HkcRjuAYTsGDS6jBLdShAQwG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwBrQ43j</latexit>

su

<latexit sha1_base64="6XbuRR3f8694kNq6R2Vf3QQ6zO8=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWZE1GXRjcsK9gHtWDKZ2zY0kwxJplCG/okbF4q49U/c+Tdm2llo64GQwzn3kpMTJpxp43nfTmltfWNzq7xd2dnd2z9wD49aWqaKQpNKLlUnJBo4E9A0zHDoJApIHHJoh+O73G9PQGkmxaOZJhDEZCjYgFFirNR33V4oeaSnsb0ymD2lfbfq1bw58CrxC1JFBRp996sXSZrGIAzlROuu7yUmyIgyjHKYVXqphoTQMRlC11JBYtBBNk8+w2dWifBAKnuEwXP190ZGYp2Hs5MxMSO97OXif143NYObIGMiSQ0IunhokHJsJM5rwBFTQA2fWkKoYjYrpiOiCDW2rIotwV/+8ippXdT8q5r3cFmt3xZ1lNEJOkXnyEfXqI7uUQM1EUUT9Ixe0ZuTOS/Ou/OxGC05xc4x+gPn8wdGDZQT</latexit>

eu

<latexit sha1_base64="OwSr7SmeG1UCKnv5vHLOUVMO9PA=">AAAB/XicbVDNS8MwHE39nPOrfty8BIfgabQiKp6GXjzJBPcBWylpmm5haVKSVJil+K948aCIV/8Pb/43plsPuvkg5PHe70deXpAwqrTjfFsLi0vLK6uVter6xubWtr2z21YilZi0sGBCdgOkCKOctDTVjHQTSVAcMNIJRteF33kgUlHB7/U4IV6MBpxGFCNtJN/e7weChWocmytDuZ+5l7e5b9ecujMBnCduSWqgRNO3v/qhwGlMuMYMKdVznUR7GZKaYkbyaj9VJEF4hAakZyhHMVFeNkmfwyOjhDAS0hyu4UT9vZGhWBUBzWSM9FDNeoX4n9dLdXThZZQnqSYcTx+KUga1gEUVMKSSYM3GhiAsqckK8RBJhLUprGpKcGe/PE/aJ3X3rO7cndYaV2UdFXAADsExcME5aIAb0AQtgMEjeAav4M16sl6sd+tjOrpglTt74A+szx/RgZV0</latexit>a1:N

<latexit sha1_base64="BtxgN918hQV60COU3Z+zXtaYdK8=">AAAB/XicbVBLSwMxGMzWV62v9XHzEiyCp7IrouKp6MVjhb6gXZZsNm1Ds8mSZMW6LP4VLx4U8er/8Oa/MdvuQVsHQoaZ7yOTCWJGlXacb6u0tLyyulZer2xsbm3v2Lt7bSUSiUkLCyZkN0CKMMpJS1PNSDeWBEUBI51gfJP7nXsiFRW8qScx8SI05HRAMdJG8u2DfiBYqCaRudKHzE/dq2bm21Wn5kwBF4lbkCoo0PDtr34ocBIRrjFDSvVcJ9ZeiqSmmJGs0k8UiREeoyHpGcpRRJSXTtNn8NgoIRwIaQ7XcKr+3khRpPKAZjJCeqTmvVz8z+slenDppZTHiSYczx4aJAxqAfMqYEglwZpNDEFYUpMV4hGSCGtTWMWU4M5/eZG0T2vuec25O6vWr4s6yuAQHIET4IILUAe3oAFaAINH8AxewZv1ZL1Y79bHbLRkFTv74A+szx/+HJWR</latexit>x1:T(a)

<latexit sha1_base64="Rss7pmzEL901LStiEH0WZEWZOu4=">AAAB/XicbVDNS8MwHE39nPOrfty8BIfgabQiKp6GXrwIE9wHbKWkabqFpUlJUmGW4r/ixYMiXv0/vPnfmG496OaDkMd7vx95eUHCqNKO820tLC4tr6xW1qrrG5tb2/bObluJVGLSwoIJ2Q2QIoxy0tJUM9JNJEFxwEgnGF0XfueBSEUFv9fjhHgxGnAaUYy0kXx7vx8IFqpxbK5smPuZe3mb+3bNqTsTwHnilqQGSjR9+6sfCpzGhGvMkFI910m0lyGpKWYkr/ZTRRKER2hAeoZyFBPlZZP0OTwySggjIc3hGk7U3xsZilUR0EzGSA/VrFeI/3m9VEcXXkZ5kmrC8fShKGVQC1hUAUMqCdZsbAjCkpqsEA+RRFibwqqmBHf2y/OkfVJ3z+rO3WmtcVXWUQEH4BAcAxecgwa4AU3QAhg8gmfwCt6sJ+vFerc+pqMLVrmzB/7A+vwB2smVeg==</latexit>
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Linear

<latexit sha1_base64="FKDjFpfZvdIoegzp+WlQjPD+zug="></latexit>s1:M

<latexit sha1_base64="BtxgN918hQV60COU3Z+zXtaYdK8=">AAAB/XicbVBLSwMxGMzWV62v9XHzEiyCp7IrouKp6MVjhb6gXZZsNm1Ds8mSZMW6LP4VLx4U8er/8Oa/MdvuQVsHQoaZ7yOTCWJGlXacb6u0tLyyulZer2xsbm3v2Lt7bSUSiUkLCyZkN0CKMMpJS1PNSDeWBEUBI51gfJP7nXsiFRW8qScx8SI05HRAMdJG8u2DfiBYqCaRudKHzE/dq2bm21Wn5kwBF4lbkCoo0PDtr34ocBIRrjFDSvVcJ9ZeiqSmmJGs0k8UiREeoyHpGcpRRJSXTtNn8NgoIRwIaQ7XcKr+3khRpPKAZjJCeqTmvVz8z+slenDppZTHiSYczx4aJAxqAfMqYEglwZpNDEFYUpMV4hGSCGtTWMWU4M5/eZG0T2vuec25O6vWr4s6yuAQHIET4IILUAe3oAFaAINH8AxewZv1ZL1Y79bHbLRkFTv74A+szx/+HJWR</latexit>x1:T

Fixed segment-level Fixed segment-level Utterance level

Segment level 1

Segment level k

Segment level 0
(Frame level)

• Multiple reso.
(Zhang 2021a, Yi 2021, 

ADD 2022 )
(Zhang 2021a, Yi 2021, 

Cai 2022)
(Zhang 2021b, Wu 2022)

• Single reso.

Range-based and point-based EER (%) of multi-reso. CM in the eval. set of PartialSpoof.
Each row represents the temporal resolution for training and shares the same predicted scores, 

while each column presents the temporal resolution for error measurement.)

Point-based EER is sensitive to the measurement resolutions.
• Upper triangular           : measurement reso. > training reso.
• Diagonal: measurement reso. = training reso.
o “Underestimation”: Smaller value only means the task is easier and 

does NOT mean that spoof localization is more accurate.
• Lower triangular           : measurement reso. < training reso.

Range-based EER can measure errors at a finer level.

(Please refer to the paper for calculating Range-Based 
EER with an upgraded binary search algorithm.)


