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INTRODUCTION
• What is human driving behavior understanding?

– Understand how humans drive and interact with environments
• Driving behavior understanding in intelligent transportation systems

– Autonomous driving (AD)
– Vehicle to Vehicle (V2V) and Vehicle to Infrastructure (V2I)
– Driving safety monitoring system – Top priority for ride-sharing platform & fleet management

• Why human driving behavior understanding is essential?
– AD: Proposing human-like P&C strategies, etc.
– V2V/V2I: Providing insight for an efficient and convenient design of systems, etc.
– Driving safety monitoring system: Real-time driving safety monitoring, etc.

• Key challenges come from
– Sophisticated real-world traffic scenarios – Environment
– Huge diversities of different driving styles – Drivers

MOTIVATION
• Collection of human driving data on ride-sharing platform

– Heterogeneous – including videos, GPS/IMU signals, etc.
– Large-scale – offering potential for in-depth analysis

• Major challenges of human driving understanding
– Handling different complex tasks
– Multi-level analyzation
– Heterogeneous data source
– System efficiency

• Existing works for human driving behavior understanding
– Only focus on relatively small dataset
– Only analysis it at single level or on subset of tasks
– Only leverage single type of data

• Our proposed solution
– DBUS: Human Driving Behavior Understanding System

PROBLEM FORMULATION
• Input – Human driving scenario D = (V,S) with time horizon T

– V = {vt}Tt=1 refers frames from front-view camera
– S = {st}Tt=1 denotes GPS/IMU signals

• Output – Three-level structured representation of driving behavior B = (M,W,A)

– M = {mt}Tt=1 refers pre-defined basic driving actions
– W = {wt}Tt=1 refers pre-defined driver’s intentions
– A = {atmask,a

t
obj}Tt=1 denotes driver’s attention object categories

OVERVIEW
• System overview of DBUS
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• Major tasks & applications
– Driving behavior analysis – Joint inference of W and A
– Driving scenario search & retrieval – Given B, retrieve top-K relevant D from a massive database

SYSTEM ARCHITECTURE
• System architecture of DBUS
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M<latexit sha1_base64="Pz8zOaQvaoBgRCNrNY9anMgh9NE=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUm60WXRjRuhgn1AE8pkOmmHTiZhHkIJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMOVMadf9dkobm1vbO+Xdyt7+weFR9fikqxIjCe2QhCeyH2JFORO0o5nmtJ9KiuOQ0144vc393hOViiXiUc9SGsR4LFjECNZW8ut+jPUkjLL7eX1YrbkNdwG0TryC1KBAe1j98kcJMTEVmnCs1MBzUx1kWGpGOJ1XfKNoiskUj+nAUoFjqoJskXmOLqwyQlEi7RMaLdTfGxmOlZrFoZ3MI6pVLxf/8wZGR9dBxkRqNBVkeSgyHOkE5QWgEZOUaD6zBBPJbFZEJlhiom1NFVuCt/rlddJtNjy34T00a62boo4ynME5XIIHV9CCO2hDBwik8Ayv8OYY58V5dz6WoyWn2DmFP3A+fwB3/pFL</latexit><latexit sha1_base64="Pz8zOaQvaoBgRCNrNY9anMgh9NE=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUm60WXRjRuhgn1AE8pkOmmHTiZhHkIJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMOVMadf9dkobm1vbO+Xdyt7+weFR9fikqxIjCe2QhCeyH2JFORO0o5nmtJ9KiuOQ0144vc393hOViiXiUc9SGsR4LFjECNZW8ut+jPUkjLL7eX1YrbkNdwG0TryC1KBAe1j98kcJMTEVmnCs1MBzUx1kWGpGOJ1XfKNoiskUj+nAUoFjqoJskXmOLqwyQlEi7RMaLdTfGxmOlZrFoZ3MI6pVLxf/8wZGR9dBxkRqNBVkeSgyHOkE5QWgEZOUaD6zBBPJbFZEJlhiom1NFVuCt/rlddJtNjy34T00a62boo4ynME5XIIHV9CCO2hDBwik8Ayv8OYY58V5dz6WoyWn2DmFP3A+fwB3/pFL</latexit><latexit sha1_base64="Pz8zOaQvaoBgRCNrNY9anMgh9NE=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUm60WXRjRuhgn1AE8pkOmmHTiZhHkIJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMOVMadf9dkobm1vbO+Xdyt7+weFR9fikqxIjCe2QhCeyH2JFORO0o5nmtJ9KiuOQ0144vc393hOViiXiUc9SGsR4LFjECNZW8ut+jPUkjLL7eX1YrbkNdwG0TryC1KBAe1j98kcJMTEVmnCs1MBzUx1kWGpGOJ1XfKNoiskUj+nAUoFjqoJskXmOLqwyQlEi7RMaLdTfGxmOlZrFoZ3MI6pVLxf/8wZGR9dBxkRqNBVkeSgyHOkE5QWgEZOUaD6zBBPJbFZEJlhiom1NFVuCt/rlddJtNjy34T00a62boo4ynME5XIIHV9CCO2hDBwik8Ayv8OYY58V5dz6WoyWn2DmFP3A+fwB3/pFL</latexit><latexit sha1_base64="Pz8zOaQvaoBgRCNrNY9anMgh9NE=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUm60WXRjRuhgn1AE8pkOmmHTiZhHkIJ/Q03LhRx68+482+ctFlo64GBwzn3cs+cMOVMadf9dkobm1vbO+Xdyt7+weFR9fikqxIjCe2QhCeyH2JFORO0o5nmtJ9KiuOQ0144vc393hOViiXiUc9SGsR4LFjECNZW8ut+jPUkjLL7eX1YrbkNdwG0TryC1KBAe1j98kcJMTEVmnCs1MBzUx1kWGpGOJ1XfKNoiskUj+nAUoFjqoJskXmOLqwyQlEi7RMaLdTfGxmOlZrFoZ3MI6pVLxf/8wZGR9dBxkRqNBVkeSgyHOkE5QWgEZOUaD6zBBPJbFZEJlhiom1NFVuCt/rlddJtNjy34T00a62boo4ynME5XIIHV9CCO2hDBwik8Ayv8OYY58V5dz6WoyWn2DmFP3A+fwB3/pFL</latexit>

(W,A)
<latexit sha1_base64="sS1mnefxA47EkXoaLFBLNPki1R8=">AAAB+nicbVDLTgIxFL2DL8TXoEs3jWCCiSEzbHSJunGJiTwSIKRTOtDQ6UzajoaMfIobFxrj1i9x59/YgVkoeJImJ+fcm3t6vIgzpR3n28qtrW9sbuW3Czu7e/sHdvGwpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcpP67QcqFQvFvZ5GtB/gkWA+I1gbaWAXy5VegPXY85P2ObqanZUHdsmpOnOgVeJmpAQZGgP7qzcMSRxQoQnHSnVdJ9L9BEvNCKezQi9WNMJkgke0a6jAAVX9ZB59hk6NMkR+KM0TGs3V3xsJDpSaBp6ZTGOqZS8V//O6sfYv+wkTUaypIItDfsyRDlHaAxoySYnmU0MwkcxkRWSMJSbatFUwJbjLX14lrVrVdaruXa1Uv87qyMMxnEAFXLiAOtxCA5pA4BGe4RXerCfrxXq3PhajOSvbOYI/sD5/AB0ZkpY=</latexit><latexit sha1_base64="sS1mnefxA47EkXoaLFBLNPki1R8=">AAAB+nicbVDLTgIxFL2DL8TXoEs3jWCCiSEzbHSJunGJiTwSIKRTOtDQ6UzajoaMfIobFxrj1i9x59/YgVkoeJImJ+fcm3t6vIgzpR3n28qtrW9sbuW3Czu7e/sHdvGwpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcpP67QcqFQvFvZ5GtB/gkWA+I1gbaWAXy5VegPXY85P2ObqanZUHdsmpOnOgVeJmpAQZGgP7qzcMSRxQoQnHSnVdJ9L9BEvNCKezQi9WNMJkgke0a6jAAVX9ZB59hk6NMkR+KM0TGs3V3xsJDpSaBp6ZTGOqZS8V//O6sfYv+wkTUaypIItDfsyRDlHaAxoySYnmU0MwkcxkRWSMJSbatFUwJbjLX14lrVrVdaruXa1Uv87qyMMxnEAFXLiAOtxCA5pA4BGe4RXerCfrxXq3PhajOSvbOYI/sD5/AB0ZkpY=</latexit><latexit sha1_base64="sS1mnefxA47EkXoaLFBLNPki1R8=">AAAB+nicbVDLTgIxFL2DL8TXoEs3jWCCiSEzbHSJunGJiTwSIKRTOtDQ6UzajoaMfIobFxrj1i9x59/YgVkoeJImJ+fcm3t6vIgzpR3n28qtrW9sbuW3Czu7e/sHdvGwpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcpP67QcqFQvFvZ5GtB/gkWA+I1gbaWAXy5VegPXY85P2ObqanZUHdsmpOnOgVeJmpAQZGgP7qzcMSRxQoQnHSnVdJ9L9BEvNCKezQi9WNMJkgke0a6jAAVX9ZB59hk6NMkR+KM0TGs3V3xsJDpSaBp6ZTGOqZS8V//O6sfYv+wkTUaypIItDfsyRDlHaAxoySYnmU0MwkcxkRWSMJSbatFUwJbjLX14lrVrVdaruXa1Uv87qyMMxnEAFXLiAOtxCA5pA4BGe4RXerCfrxXq3PhajOSvbOYI/sD5/AB0ZkpY=</latexit><latexit sha1_base64="sS1mnefxA47EkXoaLFBLNPki1R8=">AAAB+nicbVDLTgIxFL2DL8TXoEs3jWCCiSEzbHSJunGJiTwSIKRTOtDQ6UzajoaMfIobFxrj1i9x59/YgVkoeJImJ+fcm3t6vIgzpR3n28qtrW9sbuW3Czu7e/sHdvGwpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcpP67QcqFQvFvZ5GtB/gkWA+I1gbaWAXy5VegPXY85P2ObqanZUHdsmpOnOgVeJmpAQZGgP7qzcMSRxQoQnHSnVdJ9L9BEvNCKezQi9WNMJkgke0a6jAAVX9ZB59hk6NMkR+KM0TGs3V3xsJDpSaBp6ZTGOqZS8V//O6sfYv+wkTUaypIItDfsyRDlHaAxoySYnmU0MwkcxkRWSMJSbatFUwJbjLX14lrVrVdaruXa1Uv87qyMMxnEAFXLiAOtxCA5pA4BGe4RXerCfrxXq3PhajOSvbOYI/sD5/AB0ZkpY=</latexit>

B : (M,W,A)
<latexit sha1_base64="LYDWYuDkBT7bsZb5kS68WRyu0JM=">AAACCXicbVDLSsNAFJ34rPUVdelmsBUqlJJ0o7iqdeNGqGAf0IYymU7aoZNJmJkIJWTrxl9x40IRt/6BO//GSZqFth4YOHPOvdx7jxsyKpVlfRsrq2vrG5uFreL2zu7evnlw2JFBJDBp44AFouciSRjlpK2oYqQXCoJ8l5GuO71O/e4DEZIG/F7NQuL4aMypRzFSWhqasDzwkZpgxOJmclnJPq4X31ZhtwqvkrPy0CxZNSsDXCZ2TkogR2tofg1GAY58whVmSMq+bYXKiZFQFDOSFAeRJCHCUzQmfU058ol04uySBJ5qZQS9QOjHFczU3x0x8qWc+a6uTDeVi14q/uf1I+VdODHlYaQIx/NBXsSgCmAaCxxRQbBiM00QFlTvCvEECYSVDq+oQ7AXT14mnXrNtmr2Xb3UaOZxFMAxOAEVYINz0AA3oAXaAINH8AxewZvxZLwY78bHvHTFyHuOwB8Ynz/JjJhv</latexit><latexit sha1_base64="LYDWYuDkBT7bsZb5kS68WRyu0JM=">AAACCXicbVDLSsNAFJ34rPUVdelmsBUqlJJ0o7iqdeNGqGAf0IYymU7aoZNJmJkIJWTrxl9x40IRt/6BO//GSZqFth4YOHPOvdx7jxsyKpVlfRsrq2vrG5uFreL2zu7evnlw2JFBJDBp44AFouciSRjlpK2oYqQXCoJ8l5GuO71O/e4DEZIG/F7NQuL4aMypRzFSWhqasDzwkZpgxOJmclnJPq4X31ZhtwqvkrPy0CxZNSsDXCZ2TkogR2tofg1GAY58whVmSMq+bYXKiZFQFDOSFAeRJCHCUzQmfU058ol04uySBJ5qZQS9QOjHFczU3x0x8qWc+a6uTDeVi14q/uf1I+VdODHlYaQIx/NBXsSgCmAaCxxRQbBiM00QFlTvCvEECYSVDq+oQ7AXT14mnXrNtmr2Xb3UaOZxFMAxOAEVYINz0AA3oAXaAINH8AxewZvxZLwY78bHvHTFyHuOwB8Ynz/JjJhv</latexit><latexit sha1_base64="LYDWYuDkBT7bsZb5kS68WRyu0JM=">AAACCXicbVDLSsNAFJ34rPUVdelmsBUqlJJ0o7iqdeNGqGAf0IYymU7aoZNJmJkIJWTrxl9x40IRt/6BO//GSZqFth4YOHPOvdx7jxsyKpVlfRsrq2vrG5uFreL2zu7evnlw2JFBJDBp44AFouciSRjlpK2oYqQXCoJ8l5GuO71O/e4DEZIG/F7NQuL4aMypRzFSWhqasDzwkZpgxOJmclnJPq4X31ZhtwqvkrPy0CxZNSsDXCZ2TkogR2tofg1GAY58whVmSMq+bYXKiZFQFDOSFAeRJCHCUzQmfU058ol04uySBJ5qZQS9QOjHFczU3x0x8qWc+a6uTDeVi14q/uf1I+VdODHlYaQIx/NBXsSgCmAaCxxRQbBiM00QFlTvCvEECYSVDq+oQ7AXT14mnXrNtmr2Xb3UaOZxFMAxOAEVYINz0AA3oAXaAINH8AxewZvxZLwY78bHvHTFyHuOwB8Ynz/JjJhv</latexit><latexit sha1_base64="LYDWYuDkBT7bsZb5kS68WRyu0JM=">AAACCXicbVDLSsNAFJ34rPUVdelmsBUqlJJ0o7iqdeNGqGAf0IYymU7aoZNJmJkIJWTrxl9x40IRt/6BO//GSZqFth4YOHPOvdx7jxsyKpVlfRsrq2vrG5uFreL2zu7evnlw2JFBJDBp44AFouciSRjlpK2oYqQXCoJ8l5GuO71O/e4DEZIG/F7NQuL4aMypRzFSWhqasDzwkZpgxOJmclnJPq4X31ZhtwqvkrPy0CxZNSsDXCZ2TkogR2tofg1GAY58whVmSMq+bYXKiZFQFDOSFAeRJCHCUzQmfU058ol04uySBJ5qZQS9QOjHFczU3x0x8qWc+a6uTDeVi14q/uf1I+VdODHlYaQIx/NBXsSgCmAaCxxRQbBiM00QFlTvCvEECYSVDq+oQ7AXT14mnXrNtmr2Xb3UaOZxFMAxOAEVYINz0AA3oAXaAINH8AxewZvxZLwY78bHvHTFyHuOwB8Ynz/JjJhv</latexit>

P : (O,D,L)
<latexit sha1_base64="BwKjj8CHPfK9dYot2C5goHYQuH0=">AAACCXicbVDLSsNAFJ34rPUVdelmsBUqlJJ0o7gq6sKFYAX7gDaUyXTSDp1MwsxEKCFbN/6KGxeKuPUP3Pk3TtIstPXAwJlz7uXee9yQUaks69tYWl5ZXVsvbBQ3t7Z3ds29/bYMIoFJCwcsEF0XScIoJy1FFSPdUBDku4x03Mll6nceiJA04PdqGhLHRyNOPYqR0tLAhOW+j9QYIxY3k/NK9nG9+LYKr6rwJjkpD8ySVbMywEVi56QEcjQH5ld/GODIJ1xhhqTs2VaonBgJRTEjSbEfSRIiPEEj0tOUI59IJ84uSeCxVobQC4R+XMFM/d0RI1/Kqe/qynRTOe+l4n9eL1LemRNTHkaKcDwb5EUMqgCmscAhFQQrNtUEYUH1rhCPkUBY6fCKOgR7/uRF0q7XbKtm39VLjYs8jgI4BEegAmxwChrgGjRBC2DwCJ7BK3gznowX4934mJUuGXnPAfgD4/MH1pOYdw==</latexit><latexit sha1_base64="BwKjj8CHPfK9dYot2C5goHYQuH0=">AAACCXicbVDLSsNAFJ34rPUVdelmsBUqlJJ0o7gq6sKFYAX7gDaUyXTSDp1MwsxEKCFbN/6KGxeKuPUP3Pk3TtIstPXAwJlz7uXee9yQUaks69tYWl5ZXVsvbBQ3t7Z3ds29/bYMIoFJCwcsEF0XScIoJy1FFSPdUBDku4x03Mll6nceiJA04PdqGhLHRyNOPYqR0tLAhOW+j9QYIxY3k/NK9nG9+LYKr6rwJjkpD8ySVbMywEVi56QEcjQH5ld/GODIJ1xhhqTs2VaonBgJRTEjSbEfSRIiPEEj0tOUI59IJ84uSeCxVobQC4R+XMFM/d0RI1/Kqe/qynRTOe+l4n9eL1LemRNTHkaKcDwb5EUMqgCmscAhFQQrNtUEYUH1rhCPkUBY6fCKOgR7/uRF0q7XbKtm39VLjYs8jgI4BEegAmxwChrgGjRBC2DwCJ7BK3gznowX4934mJUuGXnPAfgD4/MH1pOYdw==</latexit><latexit sha1_base64="BwKjj8CHPfK9dYot2C5goHYQuH0=">AAACCXicbVDLSsNAFJ34rPUVdelmsBUqlJJ0o7gq6sKFYAX7gDaUyXTSDp1MwsxEKCFbN/6KGxeKuPUP3Pk3TtIstPXAwJlz7uXee9yQUaks69tYWl5ZXVsvbBQ3t7Z3ds29/bYMIoFJCwcsEF0XScIoJy1FFSPdUBDku4x03Mll6nceiJA04PdqGhLHRyNOPYqR0tLAhOW+j9QYIxY3k/NK9nG9+LYKr6rwJjkpD8ySVbMywEVi56QEcjQH5ld/GODIJ1xhhqTs2VaonBgJRTEjSbEfSRIiPEEj0tOUI59IJ84uSeCxVobQC4R+XMFM/d0RI1/Kqe/qynRTOe+l4n9eL1LemRNTHkaKcDwb5EUMqgCmscAhFQQrNtUEYUH1rhCPkUBY6fCKOgR7/uRF0q7XbKtm39VLjYs8jgI4BEegAmxwChrgGjRBC2DwCJ7BK3gznowX4934mJUuGXnPAfgD4/MH1pOYdw==</latexit><latexit sha1_base64="BwKjj8CHPfK9dYot2C5goHYQuH0=">AAACCXicbVDLSsNAFJ34rPUVdelmsBUqlJJ0o7gq6sKFYAX7gDaUyXTSDp1MwsxEKCFbN/6KGxeKuPUP3Pk3TtIstPXAwJlz7uXee9yQUaks69tYWl5ZXVsvbBQ3t7Z3ds29/bYMIoFJCwcsEF0XScIoJy1FFSPdUBDku4x03Mll6nceiJA04PdqGhLHRyNOPYqR0tLAhOW+j9QYIxY3k/NK9nG9+LYKr6rwJjkpD8ySVbMywEVi56QEcjQH5ld/GODIJ1xhhqTs2VaonBgJRTEjSbEfSRIiPEEj0tOUI59IJ84uSeCxVobQC4R+XMFM/d0RI1/Kqe/qynRTOe+l4n9eL1LemRNTHkaKcDwb5EUMqgCmscAhFQQrNtUEYUH1rhCPkUBY6fCKOgR7/uRF0q7XbKtm39VLjYs8jgI4BEegAmxwChrgGjRBC2DwCJ7BK3gznowX4934mJUuGXnPAfgD4/MH1pOYdw==</latexit>

(W,M,A)
<latexit sha1_base64="9MMBdIX2mhxhVIXhPzRofY+aV2I=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAVKpQy040uq27cCBXsA9qhZNJMG5p5kGSEOhR/xY0LRdz6H+78GzPtLLT1QOBwzr3ck+NGnEllWd9GbmV1bX0jv1nY2t7Z3TP3D1oyjAWhTRLyUHRcLClnAW0qpjjtRIJi3+W07Y6vU7/9QIVkYXCvJhF1fDwMmMcIVlrqm0elcs/HauR6SbuCbivocnpW6ptFq2rNgJaJnZEiZGj0za/eICSxTwNFOJaya1uRchIsFCOcTgu9WNIIkzEe0q6mAfapdJJZ+ik61coAeaHQL1Bopv7eSLAv5cR39WSaVC56qfif142Vd+EkLIhiRQMyP+TFHKkQpVWgAROUKD7RBBPBdFZERlhgonRhBV2CvfjlZdKqVW2rat/VivWrrI48HMMJlMGGc6jDDTSgCQQe4Rle4c14Ml6Md+NjPpozsp1D+APj8weETZNN</latexit><latexit sha1_base64="9MMBdIX2mhxhVIXhPzRofY+aV2I=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAVKpQy040uq27cCBXsA9qhZNJMG5p5kGSEOhR/xY0LRdz6H+78GzPtLLT1QOBwzr3ck+NGnEllWd9GbmV1bX0jv1nY2t7Z3TP3D1oyjAWhTRLyUHRcLClnAW0qpjjtRIJi3+W07Y6vU7/9QIVkYXCvJhF1fDwMmMcIVlrqm0elcs/HauR6SbuCbivocnpW6ptFq2rNgJaJnZEiZGj0za/eICSxTwNFOJaya1uRchIsFCOcTgu9WNIIkzEe0q6mAfapdJJZ+ik61coAeaHQL1Bopv7eSLAv5cR39WSaVC56qfif142Vd+EkLIhiRQMyP+TFHKkQpVWgAROUKD7RBBPBdFZERlhgonRhBV2CvfjlZdKqVW2rat/VivWrrI48HMMJlMGGc6jDDTSgCQQe4Rle4c14Ml6Md+NjPpozsp1D+APj8weETZNN</latexit><latexit sha1_base64="9MMBdIX2mhxhVIXhPzRofY+aV2I=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAVKpQy040uq27cCBXsA9qhZNJMG5p5kGSEOhR/xY0LRdz6H+78GzPtLLT1QOBwzr3ck+NGnEllWd9GbmV1bX0jv1nY2t7Z3TP3D1oyjAWhTRLyUHRcLClnAW0qpjjtRIJi3+W07Y6vU7/9QIVkYXCvJhF1fDwMmMcIVlrqm0elcs/HauR6SbuCbivocnpW6ptFq2rNgJaJnZEiZGj0za/eICSxTwNFOJaya1uRchIsFCOcTgu9WNIIkzEe0q6mAfapdJJZ+ik61coAeaHQL1Bopv7eSLAv5cR39WSaVC56qfif142Vd+EkLIhiRQMyP+TFHKkQpVWgAROUKD7RBBPBdFZERlhgonRhBV2CvfjlZdKqVW2rat/VivWrrI48HMMJlMGGc6jDDTSgCQQe4Rle4c14Ml6Md+NjPpozsp1D+APj8weETZNN</latexit><latexit sha1_base64="9MMBdIX2mhxhVIXhPzRofY+aV2I=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAVKpQy040uq27cCBXsA9qhZNJMG5p5kGSEOhR/xY0LRdz6H+78GzPtLLT1QOBwzr3ck+NGnEllWd9GbmV1bX0jv1nY2t7Z3TP3D1oyjAWhTRLyUHRcLClnAW0qpjjtRIJi3+W07Y6vU7/9QIVkYXCvJhF1fDwMmMcIVlrqm0elcs/HauR6SbuCbivocnpW6ptFq2rNgJaJnZEiZGj0za/eICSxTwNFOJaya1uRchIsFCOcTgu9WNIIkzEe0q6mAfapdJJZ+ik61coAeaHQL1Bopv7eSLAv5cR39WSaVC56qfif142Vd+EkLIhiRQMyP+TFHKkQpVWgAROUKD7RBBPBdFZERlhgonRhBV2CvfjlZdKqVW2rat/VivWrrI48HMMJlMGGc6jDDTSgCQQe4Rle4c14Ml6Md+NjPpozsp1D+APj8weETZNN</latexit>
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• Major modules of DBUS
– Perception – Vision perception and 3D reconstruction of driving scenarios, etc.
– Driving Behavior Analysis (core module!!!) – Generates 3-level structured representation
– Driving Scenario Retrieval – Efficient behavior-based retrieval of relevant driving scenarios
• Workflow of DBUS

1. Feed D -> Perception -> P = (O,D,L)

– O: Semantic masks of detections
– D: Distance between ego-vehicle and the nearest front vehicle
– L: Ego-vehicle’s relative location on the road based on the lane perception

2. Feed P + GPS/IMU -> Driving Behavior Analysis -> B
3. Driving Scenario Retrieval takes B and returns top-K relevant D

DRIVING BEHAVIOR ANALYSIS
• Basic driving action inference

– Based on S with a rule-based manner
• Intention & attention inference

– Introduced a deep model INFER
∗ Attention proposal network (APN)
∗ Intention inference network

– Input – Set of features
∗ {ot,dt,mt, lt, s

t
yaw, s

t
acc, s

t
speed}Tt=1

– Output – {wt}Tt=1 & {atmask}Tt=1

∗ We use {atmask}Tt=1 + {ot}Tt=1 to get {atobj}Tt=1

• Attention mask prediction and intention prediction

MSE (Attention masks) ACC (Intentions)

SVM - 0.193
XGBoost - 0.258
INFER-NO-SM - 0.276
INFER-ONLY-SM 0.032 0.693
INFER-NO-ATTN - 0.628
INFER 0.025 0.772

• Confusion matrix of intention prediction
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Concatenation
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CASE STUDY
• Attention inferred by DBUS
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