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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 systems

• Top priority for ride-sharing platform & fleet management
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Introduction
• Why is human driving behavior understanding essential?
• AD:

• Proposing human-like P&C strategies, building the realistic simulator, etc.

• V2V/V2I:
• Providing insight for an efficient and convenient design of systems, etc.

• Driving safety monitoring system:
• Real-time driving safety monitoring and comprehensive driving safety profiling, etc.

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

• Perception, reasoning, attention, planning, etc.
• Multiple-level analyzation

• Low-level driving action recognition -> high-level driver’s attention & cause inference
• Heterogeneous data source

• Each type of data has its own properties and works with different methodologies
• System efficiency

• Which plays a crucial role for practical deployment
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Motivation
• Existing works for human driving behavior understanding
• Only 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: Driving Behavior Understanding System
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Overview

• Problem formulation
• Input – Human driving scenario ! = ($, &) with time horizon (

• $ = {v+}+-./ refers frames from front-view camera
• & = {s+}+-./ denotes GPS/IMU signals

• Output – Three-level structured representation of driving behavior ℬ = (2,3,4)
• 2 = {m+}+-./ refers pre-defined basic driving actions
• 3 = {w+}+-./ refers pre-defined driver’s intentions
• 4 = {a89:;+ , a<=>+ }+-./ refers driver’s attention object categories
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Overview
• We consider
• 9 basic driving actions
• 8 driver’s intentions
• 8 driver’s attention object categories
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Overview
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Overview

• Major tasks and applications
• Driving behavior analysis

• Joint inference of intention ! and attention "
• Driving scenario search & retrieval

• Given ℬ = (&,!,"), retrieve top-K relevant {*+ = (,+, -+)}+/01 from a massive database

Li (USC) & Jiang (DiDi), et al. DBUS: Human Driving Behavior Understanding System Oct 28, 2019 (ICCV 2019 ADW) 10



System Architecture
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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 with perception & GPS/IMU signals
• Driving Scenario Retrieval

• Efficient behavior-based retrieval of relevant driving scenarios
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<latexit sha1_base64="Pgz7Mqelg8U5qydsgv/UlrKwVPI=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUm60WXRjTsr2Ac0oUymk3boZBLmIZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJU86Udt1vp7SxubW9U96t7O0fHB5Vj0+6KjGS0A5JeCL7IVaUM0E7mmlO+6mkOA457YXT29zvPVGpWCIe9SylQYzHgkWMYG0lv+7HWE/CKLuf14fVmttwF0DrxCtIDQq0h9Uvf5QQE1OhCcdKDTw31UGGpWaE03nFN4qmmEzxmA4sFTimKsgWmefowiojFCXSPqHRQv29keFYqVkc2sk8olr1cvE/b2B0dB1kTKRGU0GWhyLDkU5QXgAaMUmJ5jNLMJHMZkVkgiUm2tZUsSV4q19eJ91mw3Mb3kOz1rop6ijDGZzDJXhwBS24gzZ0gEAKz/AKb45xXpx352M5WnKKnVP4A+fzB3sKkU0=</latexit><latexit sha1_base64="Pgz7Mqelg8U5qydsgv/UlrKwVPI=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUm60WXRjTsr2Ac0oUymk3boZBLmIZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJU86Udt1vp7SxubW9U96t7O0fHB5Vj0+6KjGS0A5JeCL7IVaUM0E7mmlO+6mkOA457YXT29zvPVGpWCIe9SylQYzHgkWMYG0lv+7HWE/CKLuf14fVmttwF0DrxCtIDQq0h9Uvf5QQE1OhCcdKDTw31UGGpWaE03nFN4qmmEzxmA4sFTimKsgWmefowiojFCXSPqHRQv29keFYqVkc2sk8olr1cvE/b2B0dB1kTKRGU0GWhyLDkU5QXgAaMUmJ5jNLMJHMZkVkgiUm2tZUsSV4q19eJ91mw3Mb3kOz1rop6ijDGZzDJXhwBS24gzZ0gEAKz/AKb45xXpx352M5WnKKnVP4A+fzB3sKkU0=</latexit><latexit sha1_base64="Pgz7Mqelg8U5qydsgv/UlrKwVPI=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUm60WXRjTsr2Ac0oUymk3boZBLmIZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJU86Udt1vp7SxubW9U96t7O0fHB5Vj0+6KjGS0A5JeCL7IVaUM0E7mmlO+6mkOA457YXT29zvPVGpWCIe9SylQYzHgkWMYG0lv+7HWE/CKLuf14fVmttwF0DrxCtIDQq0h9Uvf5QQE1OhCcdKDTw31UGGpWaE03nFN4qmmEzxmA4sFTimKsgWmefowiojFCXSPqHRQv29keFYqVkc2sk8olr1cvE/b2B0dB1kTKRGU0GWhyLDkU5QXgAaMUmJ5jNLMJHMZkVkgiUm2tZUsSV4q19eJ91mw3Mb3kOz1rop6ijDGZzDJXhwBS24gzZ0gEAKz/AKb45xXpx352M5WnKKnVP4A+fzB3sKkU0=</latexit><latexit sha1_base64="Pgz7Mqelg8U5qydsgv/UlrKwVPI=">AAAB83icbVDLSsNAFL2pr1pfVZduBlvBVUm60WXRjTsr2Ac0oUymk3boZBLmIZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJU86Udt1vp7SxubW9U96t7O0fHB5Vj0+6KjGS0A5JeCL7IVaUM0E7mmlO+6mkOA457YXT29zvPVGpWCIe9SylQYzHgkWMYG0lv+7HWE/CKLuf14fVmttwF0DrxCtIDQq0h9Uvf5QQE1OhCcdKDTw31UGGpWaE03nFN4qmmEzxmA4sFTimKsgWmefowiojFCXSPqHRQv29keFYqVkc2sk8olr1cvE/b2B0dB1kTKRGU0GWhyLDkU5QXgAaMUmJ5jNLMJHMZkVkgiUm2tZUsSV4q19eJ91mw3Mb3kOz1rop6ijDGZzDJXhwBS24gzZ0gEAKz/AKb45xXpx352M5WnKKnVP4A+fzB3sKkU0=</latexit>

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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System Architecture
• Workflow of DBUS

1. Feed ! = ($, &) -> Perceptionmodule -> ( = (),*, +)
• ): Semantic mask of detections; *: Following distance; +: Relative location

2. Feed ( = (),*, +) + GPS/IMU -> Driving Behavior Analysis -> ℬ = (-,.,/)
3. The Driving Scenario Retrieval takes ℬ and returns top-K relevant !
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Driving Behavior Analysis 
• Basic driving action inference 
• Based on GPS/IMU signals ! with a rule-based manner

• Intention and attention inference 
• Introduced a deep model INFER

• Attention proposal network (APN)
• Intention inference network

• Input – Set of features
{o$, d$, l$, ().+,-$ , ().,..$ , ()./0112$ }$456

• Output – Driving intention {w$}$456 & attention mask
{a9,/:$ }$456

• Note: we use {a9,/:$ }$456 + {o$}$456 to find {a;<=$ }$456
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Experimental Settings
• Dataset

• Baselines
• SVM – predicts driving intentions {w#}#%&' only
• XGBoost – predicts {w#}#%&' only
• INFER-NO-SM – without using {o#}#%&' , predicts {w#}#%&' only
• INFER-ONLY-SM – only using {o#}#%&' , predicts both {w#}#%&' & {a*+,-# }#%&'

• INFER-NO-ATTN – without inferring {a*+,-# }#%&' , outputs {w#}#%&' only
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# of Samples Time Horizon T Sampling Rate Video Resolution
2759 25 5Hz 1920 × 1080



Quantitative Results
• Results of attention &
intention prediction

• Confusion matrix
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Case Study
• Attention inferred by DBUS
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Case Study
• Retrieved driving scenario with query & its structured representation
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Summary
• DBUS: Human Driving Behavior Understanding System
• Integrated with Perception, Driving Behavior Analysis and Driving Scenario Retrieval
• A structured representation of driving behavior is designed with multi-level 

understanding
• Developed INFER, jointly infers driver’s intention & attention
• Provides a total solution for mining large-scale human driving behavior data

• Future works
• Design semi-supervised learning method

• To alleviate the demand for data annotation
• Optimize the system with pruning & compression of deep neural networks

• To deploy DBUS into on-vehicle embedded platforms
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Thank you!

Our Poster is @ Room 401 #155
DiDi AI Labs http://ai.didiglobal.com/
USC Melady Lab https://melady.usc.edu/
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