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More AM Modulation Methods

I Vestigial sideband modulation (VSB)
I VSB spectrum

I Modulator and demodulator

I NTSC TV signsals

I Quadrature modulation
I Spectral efficiency

I Modulator and demodulator



SSB Modulation
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SSB Demodulation

To decode the SSB signal, we just reverse the operations
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Vestigial Sideband Modulation (VSB)

I SSB relies on being able to filter out one sideband. For audio this is
possible because the voice spectrum drops off below 300 Hz, allowing
space for a transition band

SSB Filter

f300 Hz 3 kHz

I This is not possible for other signals, like video, that have strong
components at low frequencies.



VSB Idea

The solution is Vestigial Sideband Modulation, VSB where a small portion
(a vestige) of the unneeded sideband. This reduces DC distortion.

<latexit sha1_base64="lAGurzIscpFL3Dxa/o7SlqUvH90=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WtVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Ax3+M3g==</latexit>

f
<latexit sha1_base64="4KVh7Kpy5owE+lPOsBX8zR54XgU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ6CAdsUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y0+dkTOrDEkYK1vSkFz9PZHRSOtpFNjOiJqxXvbm4n9eLzXhjZ9xmaQGJVssClNBTEzmf5MhV8iMmFpCmeL2VsLGVFFmbDoVG4K3/PIqaV/Uvau6d39Za7hFHGU4gVM4Bw+uoQF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8ATiajbQ=</latexit>

fc

<latexit sha1_base64="EmuVeAjh3VodhuQrLGYJVwHX27Y=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgxbIroh4LXjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmwuXUQDOqjWvLo3B14lfkFqUKA5qH71hzFNJVOWCmJMz/cSG2REW04Fm1X6qWEJoRMyYj1HFZHMBNn81hk+c8oQR7F2pSyeq78nMiKNmcrQdUpix2bZy8X/vF5qo9sg4ypJLVN0sShKBbYxzh/HQ64ZtWLqCKGau1sxHRNNqHXxVFwI/vLLq6R9Wfev6/7DVa3hFXGU4QRO4Rx8uIEG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPH6I9jes=</latexit>�fc

Double Sideband

<latexit sha1_base64="lAGurzIscpFL3Dxa/o7SlqUvH90=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WtVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Ax3+M3g==</latexit>

f
<latexit sha1_base64="4KVh7Kpy5owE+lPOsBX8zR54XgU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ6CAdsUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y0+dkTOrDEkYK1vSkFz9PZHRSOtpFNjOiJqxXvbm4n9eLzXhjZ9xmaQGJVssClNBTEzmf5MhV8iMmFpCmeL2VsLGVFFmbDoVG4K3/PIqaV/Uvau6d39Za7hFHGU4gVM4Bw+uoQF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8ATiajbQ=</latexit>

fc

<latexit sha1_base64="EmuVeAjh3VodhuQrLGYJVwHX27Y=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgxbIroh4LXjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmwuXUQDOqjWvLo3B14lfkFqUKA5qH71hzFNJVOWCmJMz/cSG2REW04Fm1X6qWEJoRMyYj1HFZHMBNn81hk+c8oQR7F2pSyeq78nMiKNmcrQdUpix2bZy8X/vF5qo9sg4ypJLVN0sShKBbYxzh/HQ64ZtWLqCKGau1sxHRNNqHXxVFwI/vLLq6R9Wfev6/7DVa3hFXGU4QRO4Rx8uIEG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPH6I9jes=</latexit>�fc

Upper Sideband

<latexit sha1_base64="lAGurzIscpFL3Dxa/o7SlqUvH90=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WtVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Ax3+M3g==</latexit>

f
<latexit sha1_base64="4KVh7Kpy5owE+lPOsBX8zR54XgU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ6CAdsUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y0+dkTOrDEkYK1vSkFz9PZHRSOtpFNjOiJqxXvbm4n9eLzXhjZ9xmaQGJVssClNBTEzmf5MhV8iMmFpCmeL2VsLGVFFmbDoVG4K3/PIqaV/Uvau6d39Za7hFHGU4gVM4Bw+uoQF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8ATiajbQ=</latexit>

fc

<latexit sha1_base64="EmuVeAjh3VodhuQrLGYJVwHX27Y=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgxbIroh4LXjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmwuXUQDOqjWvLo3B14lfkFqUKA5qH71hzFNJVOWCmJMz/cSG2REW04Fm1X6qWEJoRMyYj1HFZHMBNn81hk+c8oQR7F2pSyeq78nMiKNmcrQdUpix2bZy8X/vF5qo9sg4ypJLVN0sShKBbYxzh/HQ64ZtWLqCKGau1sxHRNNqHXxVFwI/vLLq6R9Wfev6/7DVa3hFXGU4QRO4Rx8uIEG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPH6I9jes=</latexit>�fc

Vestigial Sideband



I VSB signals are generated using standard AM or DSB-SC modulation,
then passing modulated signal through a sideband shaping filter.

I The signal can be designed so that demodulation uses either standard
AM or DSB-SC demodulation, depending on whether a carrier tone is
transmitted.

I VSB modulation with envelope detection are used to modulate image in
analog TV signals. (The audio signal is modulated using FM.)



VSB Modulator

The transmitted signal has spectrum

ΦVSB(f) =
(
M(f + fc) +M(f − fc)

)
Hi(f)

where Hi(f) is the shaping filter for the VSB modulator.

<latexit sha1_base64="lAGurzIscpFL3Dxa/o7SlqUvH90=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WtVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Ax3+M3g==</latexit>

f
<latexit sha1_base64="4KVh7Kpy5owE+lPOsBX8zR54XgU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ6CAdsUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y0+dkTOrDEkYK1vSkFz9PZHRSOtpFNjOiJqxXvbm4n9eLzXhjZ9xmaQGJVssClNBTEzmf5MhV8iMmFpCmeL2VsLGVFFmbDoVG4K3/PIqaV/Uvau6d39Za7hFHGU4gVM4Bw+uoQF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8ATiajbQ=</latexit>

fc

<latexit sha1_base64="EmuVeAjh3VodhuQrLGYJVwHX27Y=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgxbIroh4LXjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmwuXUQDOqjWvLo3B14lfkFqUKA5qH71hzFNJVOWCmJMz/cSG2REW04Fm1X6qWEJoRMyYj1HFZHMBNn81hk+c8oQR7F2pSyeq78nMiKNmcrQdUpix2bZy8X/vF5qo9sg4ypJLVN0sShKBbYxzh/HQ64ZtWLqCKGau1sxHRNNqHXxVFwI/vLLq6R9Wfev6/7DVa3hFXGU4QRO4Rx8uIEG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPH6I9jes=</latexit>�fc

Double Sideband

<latexit sha1_base64="lAGurzIscpFL3Dxa/o7SlqUvH90=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WtVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Ax3+M3g==</latexit>

f
<latexit sha1_base64="4KVh7Kpy5owE+lPOsBX8zR54XgU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ6CAdsUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y0+dkTOrDEkYK1vSkFz9PZHRSOtpFNjOiJqxXvbm4n9eLzXhjZ9xmaQGJVssClNBTEzmf5MhV8iMmFpCmeL2VsLGVFFmbDoVG4K3/PIqaV/Uvau6d39Za7hFHGU4gVM4Bw+uoQF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8ATiajbQ=</latexit>

fc

<latexit sha1_base64="EmuVeAjh3VodhuQrLGYJVwHX27Y=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgxbIroh4LXjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmwuXUQDOqjWvLo3B14lfkFqUKA5qH71hzFNJVOWCmJMz/cSG2REW04Fm1X6qWEJoRMyYj1HFZHMBNn81hk+c8oQR7F2pSyeq78nMiKNmcrQdUpix2bZy8X/vF5qo9sg4ypJLVN0sShKBbYxzh/HQ64ZtWLqCKGau1sxHRNNqHXxVFwI/vLLq6R9Wfev6/7DVa3hFXGU4QRO4Rx8uIEG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPH6I9jes=</latexit>�fc

Vestigial Sideband

<latexit sha1_base64="lReDVFPPPEK047tN2bFvQZtrbgk=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BItQL2VXRD0WvPRYwdZCu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQpr6xubW8Xt0s7u3v5B+fCobVSqKWtRJZTuhMQwwSVrWW4F6ySakTgU7CEc3878hyemDVfy3k4SFsRkKHnEKbFOajf6vBqd98sVr+bNgVeJn5MK5Gj2y1+9gaJpzKSlghjT9b3EBhnRllPBpqVealhC6JgMWddRSWJmgmx+7RSfOWWAI6VdSYvn6u+JjMTGTOLQdcbEjsyyNxP/87qpjW6CjMsktUzSxaIoFdgqPHsdD7hm1IqJI4Rq7m7FdEQ0odYFVHIh+Msvr5L2Rc2/qvl3l5W6l8dRhBM4hSr4cA11aEATWkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfP5wNjnE=</latexit>

Hi(f)



VSB System

We transmit the VSB signal φV SB(t),

<latexit sha1_base64="SWW/S0iuzQfRmGH9H01DYJXgvfk=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMegF48RzQOSJcxOJsmQ2dl1pjcQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXEEth0HW/nZXVtfWNzdxWfntnd2+/cHBYN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMb6d+Y8S1EZF6xHHM/ZD2legJRtFKfjseiE5af7iZlPCsUyi6ZXcGsky8jBQhQ7VT+Gp3I5aEXCGT1JiW58bop1SjYJJP8u3E8JiyIe3zlqWKhtz46ezoCTm1Spf0Im1LIZmpvydSGhozDgPbGVIcmEVvKv7ntRLsXfupUHGCXLH5ol4iCUZkmgDpCs0ZyrEllGlhbyVsQDVlaHPK2xC8xZeXSf287F2WvfuLYsXN4sjBMZxACTy4ggrcQRVqwOAJnuEV3pyR8+K8Ox/z1hUnmzmCP3A+fwAPTpGU</latexit>

�V SB(t)
<latexit sha1_base64="E/ufOFEJlK7X3CgN9TEfGD1Qwng=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPBi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6Lrfztr6xubWdmmnvLu3f3BYOTpu2ygxjLdYJCPTDajlUmjeQoGSd2PDqQok7wSTu9zvPHFjRaQfcRpzX9GRFqFgFHNJ1fBiUKm6dXcOskq8glShQHNQ+eoPI5YorpFJam3Pc2P0U2pQMMln5X5ieUzZhI54L6OaKm79dH7rjJxnypCEkclKI5mrvydSqqydqiDrVBTHdtnLxf+8XoLhrZ8KHSfINVssChNJMCL542QoDGcopxmhzIjsVsLG1FCGWTzlLARv+eVV0r6se9d17+Gq2nCLOEpwCmdQAw9uoAH30IQWMBjDM7zCm6OcF+fd+Vi0rjnFzAn8gfP5A22Kjcg=</latexit>

m(t)
<latexit sha1_base64="cPdlHco1DbKLVwTni6nd/ioTeAA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uygSbnvlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qqhbEk7m107JmVP6JNbGlUIyV39PTGhi7TiJXGdCcWiXvZn4n9fJML4JJ0KlGXLFFoviTBLUZPY66QvDGcqxI5QZ4W4lbEgNZegCKrkQguWXV0nzohpcVYP7y0qtlsdRhBM4hXMI4BpqcAd1aACDR3iGV3jztPfivXsfi9aCl88cwx94nz+3iY84</latexit>⇥ <latexit sha1_base64="lReDVFPPPEK047tN2bFvQZtrbgk=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BItQL2VXRD0WvPRYwdZCu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQpr6xubW8Xt0s7u3v5B+fCobVSqKWtRJZTuhMQwwSVrWW4F6ySakTgU7CEc3878hyemDVfy3k4SFsRkKHnEKbFOajf6vBqd98sVr+bNgVeJn5MK5Gj2y1+9gaJpzKSlghjT9b3EBhnRllPBpqVealhC6JgMWddRSWJmgmx+7RSfOWWAI6VdSYvn6u+JjMTGTOLQdcbEjsyyNxP/87qpjW6CjMsktUzSxaIoFdgqPHsdD7hm1IqJI4Rq7m7FdEQ0odYFVHIh+Msvr5L2Rc2/qvl3l5W6l8dRhBM4hSr4cA11aEATWkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfP5wNjnE=</latexit>

Hi(f)

<latexit sha1_base64="aX1kB4cUXZMnRxAwv3CYqE6BJSA=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCvZSkiHosePFYwbZCE8Jmu2mXbrJhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphV4lMEtohggt5H2JFOUtoRzPN6X0qKY5DTnvh+Hrm9x6oVEwkd3qSUj/Gw4RFjGBtpMCuNj0iVL3ppQxFAUH6LLBrTsOZA60StyA1KNAO7C9vIEgW00QTjpXqu06q/RxLzQin04qXKZpiMsZD2jc0wTFVfj4/fYpOjTJAkZCmEo3m6u+JHMdKTeLQdMZYj9SyNxP/8/qZjq78nCVppmlCFouijCMt0CwHNGCSEs0nhmAimbkVkRGWmGiTVsWE4C6/vEq6zYZ70XBvz2stp4ijDMdwAnVw4RJacANt6ACBR3iGV3iznqwX6936WLSWrGLmCP7A+vwBUR6SsA==</latexit>

2 cos(2⇡fct)

<latexit sha1_base64="cPdlHco1DbKLVwTni6nd/ioTeAA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uygSbnvlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qqhbEk7m107JmVP6JNbGlUIyV39PTGhi7TiJXGdCcWiXvZn4n9fJML4JJ0KlGXLFFoviTBLUZPY66QvDGcqxI5QZ4W4lbEgNZegCKrkQguWXV0nzohpcVYP7y0qtlsdRhBM4hXMI4BpqcAd1aACDR3iGV3jztPfivXsfi9aCl88cwx94nz+3iY84</latexit>⇥
<latexit sha1_base64="E/ufOFEJlK7X3CgN9TEfGD1Qwng=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPBi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6Lrfztr6xubWdmmnvLu3f3BYOTpu2ygxjLdYJCPTDajlUmjeQoGSd2PDqQok7wSTu9zvPHFjRaQfcRpzX9GRFqFgFHNJ1fBiUKm6dXcOskq8glShQHNQ+eoPI5YorpFJam3Pc2P0U2pQMMln5X5ieUzZhI54L6OaKm79dH7rjJxnypCEkclKI5mrvydSqqydqiDrVBTHdtnLxf+8XoLhrZ8KHSfINVssChNJMCL542QoDGcopxmhzIjsVsLG1FCGWTzlLARv+eVV0r6se9d17+Gq2nCLOEpwCmdQAw9uoAH30IQWMBjDM7zCm6OcF+fd+Vi0rjnFzAn8gfP5A22Kjcg=</latexit>

m(t)
<latexit sha1_base64="CNhGmOtjv4otv0IK3IdX8fL1yQ4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BItQL2VXRD0WvPRYwdZCu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQpr6xubW8Xt0s7u3v5B+fCobVSqKWtRJZTuhMQwwSVrWW4F6ySakTgU7CEc3878hyemDVfy3k4SFsRkKHnEKbFOajf6qhqd98sVr+bNgVeJn5MK5Gj2y1+9gaJpzKSlghjT9b3EBhnRllPBpqVealhC6JgMWddRSWJmgmx+7RSfOWWAI6VdSYvn6u+JjMTGTOLQdcbEjsyyNxP/87qpjW6CjMsktUzSxaIoFdgqPHsdD7hm1IqJI4Rq7m7FdEQ0odYFVHIh+Msvr5L2Rc2/qvl3l5W6l8dRhBM4hSr4cA11aEATWkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfP6U3jnc=</latexit>

Ho(f)

<latexit sha1_base64="aX1kB4cUXZMnRxAwv3CYqE6BJSA=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCvZSkiHosePFYwbZCE8Jmu2mXbrJhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphV4lMEtohggt5H2JFOUtoRzPN6X0qKY5DTnvh+Hrm9x6oVEwkd3qSUj/Gw4RFjGBtpMCuNj0iVL3ppQxFAUH6LLBrTsOZA60StyA1KNAO7C9vIEgW00QTjpXqu06q/RxLzQin04qXKZpiMsZD2jc0wTFVfj4/fYpOjTJAkZCmEo3m6u+JHMdKTeLQdMZYj9SyNxP/8/qZjq78nCVppmlCFouijCMt0CwHNGCSEs0nhmAimbkVkRGWmGiTVsWE4C6/vEq6zYZ70XBvz2stp4ijDMdwAnVw4RJacANt6ACBR3iGV3iznqwX6936WLSWrGLmCP7A+vwBUR6SsA==</latexit>

2 cos(2⇡fct)

<latexit sha1_base64="SWW/S0iuzQfRmGH9H01DYJXgvfk=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMegF48RzQOSJcxOJsmQ2dl1pjcQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXEEth0HW/nZXVtfWNzdxWfntnd2+/cHBYN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMb6d+Y8S1EZF6xHHM/ZD2legJRtFKfjseiE5af7iZlPCsUyi6ZXcGsky8jBQhQ7VT+Gp3I5aEXCGT1JiW58bop1SjYJJP8u3E8JiyIe3zlqWKhtz46ezoCTm1Spf0Im1LIZmpvydSGhozDgPbGVIcmEVvKv7ntRLsXfupUHGCXLH5ol4iCUZkmgDpCs0ZyrEllGlhbyVsQDVlaHPK2xC8xZeXSf287F2WvfuLYsXN4sjBMZxACTy4ggrcQRVqwOAJnuEV3pyR8+K8Ox/z1hUnmzmCP3A+fwAPTpGU</latexit>

�V SB(t)

Transmitter

Receiver

How do we choose the receiver filter Ho(f) so that we get the original
message back?



VSB Receiver

I The intermediate signal after the demodulator is

e(t) = φVSB(t) · 2 cosωct

has spectrum
ΦVSB(f + fc) + ΦVSB(f − fc)

I This has two copies of the signal that are shifted to baseband, but
unfortunately they overlap!

I This is then filtered by Ho(f).



This looks like:

<latexit sha1_base64="lAGurzIscpFL3Dxa/o7SlqUvH90=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WtVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Ax3+M3g==</latexit>

f
<latexit sha1_base64="4KVh7Kpy5owE+lPOsBX8zR54XgU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ6CAdsUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y0+dkTOrDEkYK1vSkFz9PZHRSOtpFNjOiJqxXvbm4n9eLzXhjZ9xmaQGJVssClNBTEzmf5MhV8iMmFpCmeL2VsLGVFFmbDoVG4K3/PIqaV/Uvau6d39Za7hFHGU4gVM4Bw+uoQF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8ATiajbQ=</latexit>

fc

<latexit sha1_base64="EmuVeAjh3VodhuQrLGYJVwHX27Y=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgxbIroh4LXjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmwuXUQDOqjWvLo3B14lfkFqUKA5qH71hzFNJVOWCmJMz/cSG2REW04Fm1X6qWEJoRMyYj1HFZHMBNn81hk+c8oQR7F2pSyeq78nMiKNmcrQdUpix2bZy8X/vF5qo9sg4ypJLVN0sShKBbYxzh/HQ64ZtWLqCKGau1sxHRNNqHXxVFwI/vLLq6R9Wfev6/7DVa3hFXGU4QRO4Rx8uIEG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPH6I9jes=</latexit>�fc

<latexit sha1_base64="nAixxUY2tMgy6nPv0z4iWREElQc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqMegF48RzQOSJcxOepMhs7PrzGwgLPkOLx4U8erHePNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODis6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwO/EbQ1Sax/LRjBL0I9qTPOSMGiv57Wqfd7L6w824FJ51CkW37E5Blok3J0WYo9opfLW7MUsjlIYJqnXLcxPjZ1QZzgSO8+1UY0LZgPawZamkEWo/mx49JqdW6ZIwVrakIVP190RGI61HUWA7I2r6etGbiP95rdSE137GZZIalGy2KEwFMTGZJEC6XCEzYmQJZYrbWwnrU0WZsTnlbQje4svLpH5e9i7L3v1FseLO48jBMZxACTy4ggrcQRVqwOAJnuEV3pyh8+K8Ox+z1hVnPnMEf+B8/gDIGZFm</latexit>

�V SB(f)

<latexit sha1_base64="lAGurzIscpFL3Dxa/o7SlqUvH90=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WtVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Ax3+M3g==</latexit>

f
<latexit sha1_base64="4KVh7Kpy5owE+lPOsBX8zR54XgU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ6CAdsUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y0+dkTOrDEkYK1vSkFz9PZHRSOtpFNjOiJqxXvbm4n9eLzXhjZ9xmaQGJVssClNBTEzmf5MhV8iMmFpCmeL2VsLGVFFmbDoVG4K3/PIqaV/Uvau6d39Za7hFHGU4gVM4Bw+uoQF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8ATiajbQ=</latexit>

fc

<latexit sha1_base64="EmuVeAjh3VodhuQrLGYJVwHX27Y=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgxbIroh4LXjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmwuXUQDOqjWvLo3B14lfkFqUKA5qH71hzFNJVOWCmJMz/cSG2REW04Fm1X6qWEJoRMyYj1HFZHMBNn81hk+c8oQR7F2pSyeq78nMiKNmcrQdUpix2bZy8X/vF5qo9sg4ypJLVN0sShKBbYxzh/HQ64ZtWLqCKGau1sxHRNNqHXxVFwI/vLLq6R9Wfev6/7DVa3hFXGU4QRO4Rx8uIEG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPH6I9jes=</latexit>�fc

<latexit sha1_base64="lAGurzIscpFL3Dxa/o7SlqUvH90=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WtVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Ax3+M3g==</latexit>

f
<latexit sha1_base64="4KVh7Kpy5owE+lPOsBX8zR54XgU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ6CAdsUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y0+dkTOrDEkYK1vSkFz9PZHRSOtpFNjOiJqxXvbm4n9eLzXhjZ9xmaQGJVssClNBTEzmf5MhV8iMmFpCmeL2VsLGVFFmbDoVG4K3/PIqaV/Uvau6d39Za7hFHGU4gVM4Bw+uoQF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8ATiajbQ=</latexit>

fc

<latexit sha1_base64="EmuVeAjh3VodhuQrLGYJVwHX27Y=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgxbIroh4LXjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmwuXUQDOqjWvLo3B14lfkFqUKA5qH71hzFNJVOWCmJMz/cSG2REW04Fm1X6qWEJoRMyYj1HFZHMBNn81hk+c8oQR7F2pSyeq78nMiKNmcrQdUpix2bZy8X/vF5qo9sg4ypJLVN0sShKBbYxzh/HQ64ZtWLqCKGau1sxHRNNqHXxVFwI/vLLq6R9Wfev6/7DVa3hFXGU4QRO4Rx8uIEG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPH6I9jes=</latexit>�fc

Overlap

<latexit sha1_base64="lAGurzIscpFL3Dxa/o7SlqUvH90=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WtVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Ax3+M3g==</latexit>

f
<latexit sha1_base64="4KVh7Kpy5owE+lPOsBX8zR54XgU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ6CAdsUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y0+dkTOrDEkYK1vSkFz9PZHRSOtpFNjOiJqxXvbm4n9eLzXhjZ9xmaQGJVssClNBTEzmf5MhV8iMmFpCmeL2VsLGVFFmbDoVG4K3/PIqaV/Uvau6d39Za7hFHGU4gVM4Bw+uoQF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8ATiajbQ=</latexit>

fc

<latexit sha1_base64="EmuVeAjh3VodhuQrLGYJVwHX27Y=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgxbIroh4LXjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmwuXUQDOqjWvLo3B14lfkFqUKA5qH71hzFNJVOWCmJMz/cSG2REW04Fm1X6qWEJoRMyYj1HFZHMBNn81hk+c8oQR7F2pSyeq78nMiKNmcrQdUpix2bZy8X/vF5qo9sg4ypJLVN0sShKBbYxzh/HQ64ZtWLqCKGau1sxHRNNqHXxVFwI/vLLq6R9Wfev6/7DVa3hFXGU4QRO4Rx8uIEG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPH6I9jes=</latexit>�fc

<latexit sha1_base64="qpC7rWJpa93s9TTLHaH5J7aOO9Y=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoioh4LInisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1NaW9/Y3CpvV3Z29/YPqodHHR0litA2iXikegHWlDNJ24YZTnuxolgEnHaD6W3md5+o0iySj2YWU1/gsWQhI9hk0l09PB9Wa27DzYFWiVeQGhRoDatfg1FEEkGlIRxr3ffc2PgpVoYRTueVQaJpjMkUj2nfUokF1X6a3zpHZ1YZoTBStqRBufp7IsVC65kIbKfAZqKXvUz8z+snJrzxUybjxFBJFovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8WG4C2/vEo6Fw3vquE9XNaabhFHGU7gFOrgwTU04R5a0AYCE3iGV3hzhPPivDsfi9aSU8wcwx84nz8bLI2S</latexit>

E(f)

<latexit sha1_base64="Yt+bze9GQhor+trpKFfjJRdz0OQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5KIaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxmW/VHYr7hxklXg5KUOOer/01RvELI1QGiao1l3PTYyfUWU4Ezgt9lKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNW/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJ66ri3VS8xnW5Vs3jKMApnMEFeHALNbiHOjSBAcIzvMKb8+i8OO/Ox6J1zclnTuAPnM8fbveMqg==</latexit>⇤

<latexit sha1_base64="s1h1KcnoTfeWDnysQjH+rh6L3pk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9iIUvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut7O2vrG5tV3YKe7u7R8clo6OWzpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38389hMqzWP5YCYJ+hEdSh5yRo2VGrf9UtmtuHOQVeLlpAw56v3SV28QszRCaZigWnc9NzF+RpXhTOC02Es1JpSN6RC7lkoaofaz+aFTcm6VAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1Y9TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZoQ/CWX14lrcuKd13xGlflWjWPowCncAYX4MEN1OAe6tAEBgjP8ApvzqPz4rw7H4vWNSefOYE/cD5/AIvDjL0=</latexit>=

<latexit sha1_base64="7JQIIdeqNX008JVFGIR1oYLWbJY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahvZRdEfVYEKXHCvYD26Vk02wbmk2WJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Gbmt5+o0kyKBzOJqR/hoWAhI9hY6fG2fFep92U5rPSLJbfqzoFWiZeREmRo9ItfvYEkSUSFIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUoEjqv10fvEUnVllgEKpbAmD5urviRRHWk+iwHZG2Iz0sjcT//O6iQmv/ZSJODFUkMWiMOHISDR7Hw2YosTwiSWYKGZvRWSEFSbGhlSwIXjLL6+S1nnVu6x69xelmpvFkYcTOIUyeHAFNahDA5pAQMAzvMKbo50X5935WLTmnGzmGP7A+fwBjRaPew==</latexit>

E(F )Ho(f)

Received Signal

Demodulation Cosine

After Demodulation

After VSB Receive Filter

The filter Ho(f) needs to compensate for the fact that the two sidebands
overlap when demodulated to baseband.



VSB Receive Filter

<latexit sha1_base64="lAGurzIscpFL3Dxa/o7SlqUvH90=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WtVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Ax3+M3g==</latexit>

f
<latexit sha1_base64="4KVh7Kpy5owE+lPOsBX8zR54XgU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ6CAdsUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y0+dkTOrDEkYK1vSkFz9PZHRSOtpFNjOiJqxXvbm4n9eLzXhjZ9xmaQGJVssClNBTEzmf5MhV8iMmFpCmeL2VsLGVFFmbDoVG4K3/PIqaV/Uvau6d39Za7hFHGU4gVM4Bw+uoQF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8ATiajbQ=</latexit>

fc

<latexit sha1_base64="EmuVeAjh3VodhuQrLGYJVwHX27Y=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgxbIroh4LXjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmwuXUQDOqjWvLo3B14lfkFqUKA5qH71hzFNJVOWCmJMz/cSG2REW04Fm1X6qWEJoRMyYj1HFZHMBNn81hk+c8oQR7F2pSyeq78nMiKNmcrQdUpix2bZy8X/vF5qo9sg4ypJLVN0sShKBbYxzh/HQ64ZtWLqCKGau1sxHRNNqHXxVFwI/vLLq6R9Wfev6/7DVa3hFXGU4QRO4Rx8uIEG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPH6I9jes=</latexit>�fc

<latexit sha1_base64="lReDVFPPPEK047tN2bFvQZtrbgk=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BItQL2VXRD0WvPRYwdZCu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQpr6xubW8Xt0s7u3v5B+fCobVSqKWtRJZTuhMQwwSVrWW4F6ySakTgU7CEc3878hyemDVfy3k4SFsRkKHnEKbFOajf6vBqd98sVr+bNgVeJn5MK5Gj2y1+9gaJpzKSlghjT9b3EBhnRllPBpqVealhC6JgMWddRSWJmgmx+7RSfOWWAI6VdSYvn6u+JjMTGTOLQdcbEjsyyNxP/87qpjW6CjMsktUzSxaIoFdgqPHsdD7hm1IqJI4Rq7m7FdEQ0odYFVHIh+Msvr5L2Rc2/qvl3l5W6l8dRhBM4hSr4cA11aEATWkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfP5wNjnE=</latexit>

Hi(f)

<latexit sha1_base64="lAGurzIscpFL3Dxa/o7SlqUvH90=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WtVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Ax3+M3g==</latexit>

f
<latexit sha1_base64="4KVh7Kpy5owE+lPOsBX8zR54XgU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ6CAdsUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y0+dkTOrDEkYK1vSkFz9PZHRSOtpFNjOiJqxXvbm4n9eLzXhjZ9xmaQGJVssClNBTEzmf5MhV8iMmFpCmeL2VsLGVFFmbDoVG4K3/PIqaV/Uvau6d39Za7hFHGU4gVM4Bw+uoQF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8ATiajbQ=</latexit>

fc

<latexit sha1_base64="EmuVeAjh3VodhuQrLGYJVwHX27Y=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgxbIroh4LXjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmwuXUQDOqjWvLo3B14lfkFqUKA5qH71hzFNJVOWCmJMz/cSG2REW04Fm1X6qWEJoRMyYj1HFZHMBNn81hk+c8oQR7F2pSyeq78nMiKNmcrQdUpix2bZy8X/vF5qo9sg4ypJLVN0sShKBbYxzh/HQ64ZtWLqCKGau1sxHRNNqHXxVFwI/vLLq6R9Wfev6/7DVa3hFXGU4QRO4Rx8uIEG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPH6I9jes=</latexit>�fc

<latexit sha1_base64="z8BIJEvtMPsxwutUKpKriZ7OoGo=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksQqVYEhF1WXDTZQV7gTaEyXTSDk4uzEyEEgq+ihsXirj1Odz5Nk7SLLT1h4GP/5zDOfN7MWdSWda3UVpZXVvfKG9WtrZ3dvfM/YOujBJBaIdEPBJ9D0vKWUg7iilO+7GgOPA47XkPt1m990iFZFF4r6YxdQI8DpnPCFbacs2jlstq/rnvWmf1HOsZumbVali50DLYBVShUNs1v4ajiCQBDRXhWMqBbcXKSbFQjHA6qwwTSWNMHvCYDjSGOKDSSfPzZ+hUOyPkR0K/UKHc/T2R4kDKaeDpzgCriVysZeZ/tUGi/BsnZWGcKBqS+SI/4UhFKMsCjZigRPGpBkwE07ciMsECE6UTq+gQ7MUvL0P3omFfNey7y2rTKuIowzGcQA1suIYmtKANHSCQwjO8wpvxZLwY78bHvLVkFDOH8EfG5w/XrZNs</latexit>

Hi(f � f0) + Hi(f + f0)

<latexit sha1_base64="lAGurzIscpFL3Dxa/o7SlqUvH90=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WtVrXlfqbh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Ax3+M3g==</latexit>

f
<latexit sha1_base64="4KVh7Kpy5owE+lPOsBX8zR54XgU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WjmSboR3QkecgZNVZ6CAdsUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y0+dkTOrDEkYK1vSkFz9PZHRSOtpFNjOiJqxXvbm4n9eLzXhjZ9xmaQGJVssClNBTEzmf5MhV8iMmFpCmeL2VsLGVFFmbDoVG4K3/PIqaV/Uvau6d39Za7hFHGU4gVM4Bw+uoQF30IQWMBjBM7zCmyOcF+fd+Vi0lpxi5hj+wPn8ATiajbQ=</latexit>

fc

<latexit sha1_base64="EmuVeAjh3VodhuQrLGYJVwHX27Y=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgxbIroh4LXjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmwuXUQDOqjWvLo3B14lfkFqUKA5qH71hzFNJVOWCmJMz/cSG2REW04Fm1X6qWEJoRMyYj1HFZHMBNn81hk+c8oQR7F2pSyeq78nMiKNmcrQdUpix2bZy8X/vF5qo9sg4ypJLVN0sShKBbYxzh/HQ64ZtWLqCKGau1sxHRNNqHXxVFwI/vLLq6R9Wfev6/7DVa3hFXGU4QRO4Rx8uIEG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPH6I9jes=</latexit>�fc

<latexit sha1_base64="CNhGmOtjv4otv0IK3IdX8fL1yQ4=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BItQL2VXRD0WvPRYwdZCu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQpr6xubW8Xt0s7u3v5B+fCobVSqKWtRJZTuhMQwwSVrWW4F6ySakTgU7CEc3878hyemDVfy3k4SFsRkKHnEKbFOajf6qhqd98sVr+bNgVeJn5MK5Gj2y1+9gaJpzKSlghjT9b3EBhnRllPBpqVealhC6JgMWddRSWJmgmx+7RSfOWWAI6VdSYvn6u+JjMTGTOLQdcbEjsyyNxP/87qpjW6CjMsktUzSxaIoFdgqPHsdD7hm1IqJI4Rq7m7FdEQ0odYFVHIh+Msvr5L2Rc2/qvl3l5W6l8dRhBM4hSr4cA11aEATWkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfP6U3jnc=</latexit>

Ho(f)

We can recover m(t) by using a filter Ho(f) defined by

Ho(f) =
1

Hi(f + fc) +Hi(f − fc)
, |f | ≤ B

Note that the division is only done over the signal bandwidth!
How could we design Hi(f) to make our lives easier?



VSB Encoding and Decoding

I There are lots of other ways to encode and decode VSB, especially if we
are using SDR’s.

I You’ll see one in the next homework that uses complex modulation, a
different filter, and a neat Fourier transform symmetry trick.

I VSB signals turn up in many different places

I The analog TV system NTSC used VSB to save bandwidth

I VSB is widely used in Magnetic Resonance Imaging (MRI) to reduce the
amount of data you need to collect



Quadrature Amplitude Modulation (QAM)

I DSB-SC modulates a signal with bandwidth B to a transmitted signal
with bandwidth 2B

I SSB reduces the transmitted bandwidth to B, but

I requires more complex modulator

I reduces SNR (for a fixed carrier amplitude)

I Quadrature amplitude modulation uses the 2B transmitter bandwidth to
send two independent (real) signals:

mQAM,c(t) = m1(t) cos(2πfct) +m2(t) sin(2πfct)

I QAM has the same spectral efficiency as SSB but does not need sharp
band-pass filters

I QAM is used in almost all digital communication methods, including
telephone modems, cable TV, satellite TV



QAM Modulator and Demodulator

Two real messages, m1(t) and m2(t). m1 is modulated on a cosine, and
m2(t) is modulated on a sine.

⇥

Propagation

Transmitter Receiver

x(t)

m2(t)

⇥
m1(t)

+

0

cos(2⇡fct)

sin(2⇡fct)

2 H(f)

B

2 H(f)

B�B

�B

⇥

⇥

cos(2⇡fct)

sin(2⇡fct)

m1,r(t)

m2,r(t)

Note that we need a synchronous receiver, or the two channels will interfere.
What happens with a 90◦ phase shift?



If the input spectra look like

1 1M1(f)

B�B f0 f0 B�B

M2(f)

Then the transmitted spectrum looks like

j

2
M2(f + fc)

� j

2
M2(f � fc)

1

2
M1(f + fc)

1

2
M1(f � fc)

X(f)

f
fc�fc

Then demodulating with a cosine will give me M1(t) at baseband, and
demodulating with a sine will give me M2(t).



QAM

I One way to think about this system is that we send m1(t) on the real, or
in phase channel (modulate and demodulate with cos(2πfct))

I The second message m2(t) is sent on the imaginary, or quadrature
channel (modulate and demodulate with sin(2πfct))

I There are generalizations that use many phases and amplitudes to send
lots of digital bits at once.

I This is widely used for cable TV, such as QAM-64. We’ll see this later in
the course.



AM Modulation

I Many different ways to encode information as amplitude

I AM

I DSB-SC AM

I SSB

I VSB

I QAM

I Common issues

I Synchronization

I Bandwidth

I Next: Encoding information in frequency


