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INTRODUCTION OVERVIEW

DRIVING BEHAVIOR ANALYSIS

e What is human driving behavior understanding? e System overview of DBUS e Basic driving action inference

— Understand how humans drive and interact with environments — Based on S with a rule-based manner

e Intention & attention inference

— Introduced a deep model INFER - L
. {Ot}t—l {mt7 1757 Syaws Saces Sspeed}tzl
* Attention proposal network (APN) -

x Intention inference network

e 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

T — Input — Set of features Dense
: ¢ ¢ t T
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: - Output —{wi i &{ay, .4k i=1 CNNs & Poolings

Bi-LSTM

« We use {a],, ., }i=1 + {0t};— to get {agbj};trzl

Reshape & Upsample
IMU APN
GPS - e Attention mask prediction and intention prediction EosatEanan
¢ Why human driving behavior understanding is essential? Action eftwhesling accelerate AGhEWRSBIRG brake  oruise gt Whesiing accelerats leftwhesling MSE (Attention masks) | ACC (Intentions) CNNs & Poolings
— AD: Proposing human-like P&C strategies, etc. - i\g\g t - 8-;?2
. « 7 . . . . . . nten ion left merge _ right merge 0O0S - .
- VZV / V2I: Prov1dmg 1n§1ght for an eff1c1ept and convenient de51gn O.f systems, etc. INFER.NO-SM ] 0276 a7
- Driving safety monitoring system: Real-time driving safety monitoring, ec. o s DS covens S INFER ONLY-SM 002 069 Bnask it
e Key challenges come from Structured Driving Behavior Representation | INFER-NO-ATTN : 0.628 y
C : : : Retrieved Scenarios INFER 0.025 0.772 °
— Sophisticated real-world tratfic scenarios — Environment e
— Huge diversities of different driving styles — Drivers Query Behavior Representation Driving Scenario Database e Confusion matrix of intention prediction pmmmEEmEmmEmmSEmmmmmmmmEE

: Attention weighted Semantic Mask :

R ELErET

MOTIVATION following
0 left_turn 0.8

e Collection of human driving data on ride-sharing platform o T
— Heterogeneous — including videos, GPS/IMU signals, etc. S oft lane ch_ange 0.6
— Large-scale — otfering potential for in-depth analysis e Major tasks & applications E ) ht_Iane_chan ]

e Major challenges of human driving understanding — Driving behavior analysis — Joint inference of W and A % o | ef; " erz - [0
— Handling different complex tasks — Driving scenario search & retrieval — Given B, retrieve top-K relevant D from a massive database O _— 0.2
— Multi-level analyzation - right_merge |
— Heterogeneous data source SYSTEM ARCHITECTURE G EHIT 0.0
— System efficiency . B R- q,é':" % -

e Existing works for human driving behavior understanding e System architecture of DBUS 3 o e g| gl S
— Only focus on relatively small dataset e =2 0 o § £
— Only analysis it at single level or on subset of tasks MU signals Driving Action Driving e =
— Only leverage single type of data - Recognition o uctured Driving. Human Driving Scenario Database g 5

Driving Action

e Our proposed solution 3D Reconstruction

Behavior-based
Driving Scenario
Retrieval

True Labels

Perception _ :
Result IntentionancAttiention R

Inference (INFER) Attention
Mask

Detected Traffic
Participants

— DBUS: Human Driving Behavior Understanding System

CASE STUDY

Attention Mask

—

Attention

Vision Perception Semantic Mask

PROBLEM FORMULATION

posﬁté‘?g}f;’;‘sing — e Attention inferred by DBUS e Retrieved driving scenario
e Input - Human driving scenario D = (V, S) with time horizon T Retrieved Driving Scenarios
— V = {v;}]_, refers frames from front-view camera Original frame Human labeled attention  Predicted attention mask o
— S = {s;}/_; denotes GPS/IMU signals e Major modules of DBUS riginal rame __ ‘i
e Output — Three-level structured representation of driving behavior B = (M, W, A) — Perception — Vision perception and 3D reconstruction of driving scenarios, etc. 3

— Driving Behavior Analysis (core module!!!) — Generates 3-level structured representation
— Driving Scenario Retrieval — Efficient behavior-based retrieval of relevant driving scenarios

e 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

Road cross

Accelerate Lef! Accelerate Left_ Accelerate Straight
wheeling wheeling

— M = {m, }{_, refers pre-defined basic driving actions
- W = {w,}}_, refers pre-defined driver’s intentions
- A ={a], .., a},}/=, denotes driver’s attention object categories

Lane-following
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