
Autonomous Driving Intelligence System to Enhance Safe and 

Secured Traffic Society for Elderly Drivers  

Project Goal : Develop the mobility with driving intelligence to enhance accident avoidance performance by recovering  

degraded driving performance of elderly drivers, and deploy the system in automobile markets. 

Project Manager  : Hideo Inoue (Toyota Motor Corporation) 

Research Leader : Masao Nagai (Tokyo Univ. of Agriculture and Technology) 

Project Partners :  Toyota Motor Corporation, Toyota Central R&D Labs, Inc. 

                             The University of Tokyo, Tokyo University of Agriculture and Technology 

Our vision： Mobility which realizes lively and active aged society!   Aged people can actively participate the society!  

                        Safe mobility can potentially recover young spirits of aged drivers! 

Stage 1 (2010-2012):  

Development of autonomous driving 

intelligence system 

Stage 2 (2013-2016):  

Prototype construction, system improvement 

and assessment by FOT 

Stage 3 (2017-2021):  

Standardization and system deployment 

１．Driving intelligence technology 

Risk potential anticipation driver model 

Framework of joint projects between industry 

and university for innovation 

Motivation： Elderly people need active lives. 

３．Collaboration between industry and univ. 

２．Driver-in-the-loop ADAS 

Automatic brake/steer intervention with 

optimized HMI  

・Degraded driving performance reduce their self-confidence in driving. 

・However, aged drivers have high driving motivations to improve QOL. 

・Autonomous driving intelligence system with intelligence to recover  

  degraded performance and overcome the driving fear is important. 

Key Concept of the project 
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Fig.1   Necessity of automobiles
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Fig.2  Ratio of accidents caused by aged drivers

From Yomiuri Newspaper

ITARDA Information No81,’09.12

Fig. 3  Crash-relevant near-miss incident by 
Aged drivers
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Fig.4   Reaction of drivers to active safety system
(Experimental study by using Toyota Driving Simulator)

Driving simulator study

• Driver acceptance study
• HMI investigation
• System parameter study

System effectiveness verification in 

certain circumstances

• Biometric data

• Fault diagnosis/Negative check
• Accident prevention effectiveness
• Hazard map construction

Urban Test Sites for system validation

Test car driving data 

collection

Social experiments  &  FOT in public 

roads

Safety check in public roadway
・ Crash-relevant scenario 

simulation in test sites

Drive Recorder
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Field Operational Tests in Japan

Project Schedule 

  Field Operational Tests of autonomous driving     Global deployment by utilizing big data  

Path planning

Collision avoidance path 

generation

Hazard anticipation, Risk 

potential estimation 

algorithm

Laser scanner and camera

（Hardware development）& 

classification

Sensor Fusion Technology

2. Environmental 

perception

3. Driver Model

1. Sensor Technology

Wide range and rich detail

Situational Risk Assessment

Contour of collision risk

4. Collision Avoidance

Algorithm

Rear-end collision avoidance

Pedestrian/bicycle protection

Lane departure prevention

Head-on collisions

Functionalities of 

Low-speed autonomous collision 

avoidance (up to 30 km/h)

Innovative Intelligent mobility technology

and commercializing for protecting elderly drivers

Field Operational 
Tests (FOT)

• Acceptance study

• Effectiveness estimation

Frontier research for enhancing  intelligence

福井県
大野市

愛知県
豊田市

山梨県
河口湖町

千葉県
柏市

Drive recorder

Logging data analysis

Driving simulator exp.

Urban test sites

Global Standard Development
I 

II 

III 

Recognition,

Decision-making

development

Real-World Cloud Data

Experimental study by DS
Knowledge discovery between 

industry and academia

Environment data collection
・Real time probe data

Intelligent

mobility

Environment database

Sensing

Autonomous Driving Intelligence

ActuatorDecision

Driving intelligence 

by learning expert 

driver behavior

Environ

ment

Vehicle 

motion

Human factor 

database

Naturalistic driver 

characteristics study

Knowledge discovery 

from various circumstances Driver model update& its evolution

Control algorithm development by network

Real world data

Collection with DR.

Global Marketing Strategy Standardization
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Autonomous Driving Intelligence System to Enhance Safe and 

Secured Traffic Society for Elderly Drivers  

Structure of autonomous driving intelligence system: Control-oriented driver model 

Sensing the position of the ego-car using the curb 

measured by laser radar, combined with GPS / digital map

Speed control due to curvature and lane tracking 

自車 斥力ポテンシャル 先行車

k

① Normal Driving Control : Longitudinal and Lateral Control, i.e.  

car following and lane keeping integrating Risk Potential Field 

Car following control by using repulsive and attractive forces in 

Risk Potential Field 

Host vehicle

Experimental Vehicle Vehicle Trajectory

Predicted Vehicle Position

Target Path

Road Boundary

Preceding vehicleRepulsive potential

Vf VpR
ブレーキ反応時間
走行速度
車間距離
相対速度

Headway distance

Relative velocity

Deceleration

Hazard anticipation driver modeling based on real-world driving situations.

Systematic accident reconstruction model by identifying the environment parameters from real world data.

Implementation and functional testing of the autonomous driving intelligence systems on DS. 

HMI investigation for seamless override.

Near-miss Incident Database

Macroscopic Analysis

Vped Vf

Dped

歩行者飛び出し速度、タイミング

走行速度

Accident reconstruction modeling &

Environment parameter identification

Driving Simulator for 

Effectiveness estimation 

in man-machine system
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Pedestrian appearance timing

Pedestrian moving speed

Crosswalk, 1,199 (7.2%)
Besides Crosswalk, 

701 (4.2%)

Walking along/against 
Traffic, 346  (2.1%)

etc., 348 (2.1%)

Collisions at Intersection 
4,171 (25.1%)

Head-on Collisions, 
527 ( 3.2%)

Rear-end collisions, 
3,946  (23.8%)

Right Turn, 
1,037 (6.3%)

etc, 
3,738 (19.9%)

Collisions with 
structures, 365

(2.2%)

Roadway departure, 13, 
(0.1%)

etc., 166 (1.0%) Railway crossings, 28, 
(0.2%)

Total 
number 
16,585 

Vehicle to Ped.
2,594 (15.6%)

Single vehicle
572 (3.4%)

Vehicle-to-Vehicle
13,419 (80.9%)

List of near-miss scenes

Pedestrian motion parameters

Velocity 

Courtesy: TUAT Smart Mobility Research Center

Scene A.

Scene B.

Accident reconstruction modeling

Near-miss incident DB for accident reconstruction modeling         

① 

② 
③ Emergency accident avoidance control 

The autonomous driving intelligence system consists of three main control systems : 

(1) Normal driving control : basic driving maneuvers, i.e. path tracking, car-following, curve negotiation. 

(2) Risk-potential based control : hazard anticipation based on knowledge-based expert driving behavior 

(3) Emergency accident avoidance control: automatic braking/steering at last second before the accident occurs.   

②Risk Potential Based Control：Defensive driving, Obstacle motion prediction, Hazard anticipation

Passing a parked 

vehicle by determining 

the path with safe 

speed.

Predict 

pedestrians behind 

occlusion.

Contour of risk potential generated from surroundings and on-road obstacles

Autonomous driving intelligence must predict the possibility of

appearance of pedestrians from the occluded area and determine the

optimum safe speed.
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