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In recent years many CCTV cameras have been installed in 
locations where it is necessary to observe the situation

In recent years many CCTV cameras have been installed in 
locations where it is necessary to observe the situation

It is necessary to efficiently and effectively use these cameras
a. Efficient surveillance of many camera images
b. Effective utilization of the information acquired in the 

management of the individual roads

It is necessary to efficiently and effectively use these cameras
a. Efficient surveillance of many camera images
b. Effective utilization of the information acquired in the 

management of the individual roads

Investigation of specific methods of utilization of image sensors, 
from the point of view of improving the effectiveness and quality 

of road control and management

Investigation of specific methods of utilization of image sensors, 
from the point of view of improving the effectiveness and quality 

of road control and management

It is expected that these tasks can be solved by using
sensing technology (image sensors) 

derived in R&D of AHS

1. Background and Objectives1. Background and Objectives
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• Image of the provision of service

Road condition 
detection sensor

Stopped 
vehicle !Brake!

There are
Stopped vehicles! Road-to-vehicle 

communication device
(Antenna)

• AHS* is a system in which the road and vehicle are 
connected, and information, warnings, and driving support 
are provided to the drivers in real time.

• AHS* is a system in which the road and vehicle are 
connected, and information, warnings, and driving support 
are provided to the drivers in real time.

* AHS: Advanced Cruise-Assist Highway Systems

1. Background and Objectives
What is AHS?

1. Background and Objectives
What is AHS?

Stopped vehicle
300m ahead!
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• Along with the changes in society affecting road policy, 
enhancement of road control and management is required.

• Along with the changes in society affecting road policy, 
enhancement of road control and management is required.

•Implementation of road policy based 
upon outcomes

a. Lost time due to road congestion
- Reduce by about 10% by 2007

b. Time taken for construction work 
on the roads
- Reduce by about 20% by 2007

Aiming to improve the quality of road control and management by 
applying sensing technology to CCTV cameras, as part of IT

• Effective utilization of 
road stocks

• Services in response to 
the demands of road 
users

Society’s requirements for road policy

2. Present situation w ith road control and management
a. Requirement of enhancement and effectiveness

2. Present situation w ith road control and management
a. Requirement of enhancement and effectiveness
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• Tasks for road control and management

• In order to respond appropriately to the demands of road 
policy, it is necessary to aim for more effective road control 
and management and improved quality.

• In order to respond appropriately to the demands of road 
policy, it is necessary to aim for more effective road control 
and management and improved quality.

1. Improvement in quality of road 
control and management

1. Improvement in quality of road 
control and management

2. More effective road control and 
management

2. More effective road control and 
management

Society’s requirements for road policySociety’s requirements for road policy

Tasks for road control and managementTasks for road control and management

Limited budget 
and personnel 

resources

2. P resent situation w ith road control and management
b. Tasks for road control and management

2. P resent situation w ith road control and management
b. Tasks for road control and management
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• Types of image sensor and their functions

Road sensorRoad sensor

Road surface sensorRoad surface sensorImage 
sensor
Image 
sensor

• Detection of road surface conditions 
• Support for transitions in these conditions

• Detection of events occurring on the road, such as 
fallen objects, stopped vehicles, etc.

• Tracking the course of vehicles etc.
• Transmitting information regarding dangerous 

situations to nearby vehicles in real time

• There are two types of image sensor that are expected to be 
used in road control and management: “Road surface  
sensor” and “Road sensor”.

• There are two types of image sensor that are expected to be 
used in road control and management: “Road surface  
sensor” and “Road sensor”.

3. Image sensors
a. Outline of image sensors

3. Image sensors
a. Outline of image sensors
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• Process of detection of the road surface condition
1) Vehicles and other moving bodies are removed from the images at 1 

minute intervals, to create an image of the road surface alone.
2) By image processing of the image, freezing of the road surface is 

detected.

• Detection of freezing of the road surface, etc., by constant 
processing of camera images by sensors

• Detection of freezing of the road surface, etc., by constant 
processing of camera images by sensors

Raw image Image from which 
moving bodies have 

been removed 

Processed image

3. Image sensors
b. What are road surface sensors?

3. Image sensors
b. What are road surface sensors?
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• During the test period, 5 road conditions could be detected with 90% 
accuracy

(Test results in a cold region: Data from FY 2002 to FY 2003)

3. Image sensors
c. What are road surface sensors?

3. Image sensors
c. What are road surface sensors?

• Five road conditions can be detected, and this is expected to 
be used in road surface control

• Five road conditions can be detected, and this is expected to 
be used in road surface control

87.00.91.09.21.92,092Frozen 

0.095.41.62.90.14,042Covered by 
snow

0.03.387.46.20.27,196Covered by 
water film

0.00.23.390.56.015,931Wet

0.00.80.13.895.351,175Dry

Road 
surface  
condition

Frozen Covered by 
snow

Covered by 
water film

Wet Dry 

Probability of correct detection (%)# of 
data
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• Detection of stopped vehicles, etc. by constant processing of 
camera images with sensors

• If the vehicle does not move for several seconds it is 
regarded as a stopped vehicle

• Detection of stopped vehicles, etc. by constant processing of 
camera images with sensors

• If the vehicle does not move for several seconds it is 
regarded as a stopped vehicle

3. Image sensors
d. What are road sensors?

3. Image sensors
d. What are road sensors?
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• During the test period, incidents were detected with an accuracy of 95% 
or better

(Results of tests on National Roads)

3. Image sensors
e. What are road sensors?

3. Image sensors
e. What are road sensors?

• Information on stopping, congestion, swerving, and other 
dangerous situations can be detected, so it is expected that 
they will be used in the surveillance of road facilities, etc.

• Information on stopping, congestion, swerving, and other 
dangerous situations can be detected, so it is expected that 
they will be used in the surveillance of road facilities, etc.

0%   0 / (50 + 15)Rate of non-detection
(# of non-detections) / (# of incidents)

97%   (50 + 15) / (50 + 15 + 2)
Rate of correct detection
(# of correct detections)

/ (total # of incidents)

0 times0 times# of non-detections

2 times0 times# of erroneous reports

15 times50 times# of occurrence times (actual)

Natural flow evaluation
(detection of stopped 

vehicle, congestion)

Concentrated evaluation
(detection of stopped vehicle, 

congestion)
Item



11

• By adding an image sensor to a CCTV camera the camera 
can be effectively used, so that higher efficiency and quality 
can be achieved.

• By adding an image sensor to a CCTV camera the camera 
can be effectively used, so that higher efficiency and quality 
can be achieved.

Using a CCTV camera,
a. Detailed information at a location can be quickly confirmed 

without going to the location.
b. The situation is comprehended with an image, so anyone 

can make an intuitive judgment regarding the situation.

Using a CCTV camera,
a. Detailed information at a location can be quickly confirmed 

without going to the location.
b. The situation is comprehended with an image, so anyone 

can make an intuitive judgment regarding the situation.

However, it is not possible to have personnel constantly 
monitoring the camera images.
Therefore, the reality of the situation is that after occurrence of an 
event, it is the camera that confirms the situation.

However, it is not possible to have personnel constantly 
monitoring the camera images.
Therefore, the reality of the situation is that after occurrence of an 
event, it is the camera that confirms the situation.

More skillful (strategic) utilization of CCTV cameras

3. Image sensors
f. Significance of using image sensors

3. Image sensors
f. Significance of using image sensors
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■To date ■After introduction of sensors

Road surface 
detection

Road surface 
detection

ConfirmationConfirmation

Execution of 
control and 

management

Execution of 
control and 

management

•Notification from the 
location
•Detected from 
weather data

•Notification from the 
location
•Detected from 
weather data

•Prediction from 
experience
•Confirmation at the 
location by patrol

•Prediction from 
experience
•Confirmation at the 
location by patrol

• Implement road 
surface controls (long 
term experience 
necessary)

• Implement road 
surface controls (long 
term experience 
necessary)

•System automatically 
detects
•System automatically 
detects

•Automatic notification 
by the system (mobile 
phone, PC, 
surveillance terminal)

•Automatic notification 
by the system (mobile 
phone, PC, 
surveillance terminal)

• Implement road surface 
controls (supports 
uniform judgments)

• Implement road surface 
controls (supports 
uniform judgments)

•Provide information to 
users
• (Area wide road 
surface conditions, 
etc.)

•Provide information to 
users
• (Area wide road 
surface conditions, 
etc.)

Supports road 
surface control 

and 
management

Information 
provided to road 

users

•Provide information to 
users
• (Pics of the location, 
etc.)

•Provide information to 
users
• (Pics of the location, 
etc.)

• Supports road management and control work by understanding 
changes and transitions in road surface conditions.

• Also, useful as information material to be provided to road 
users.

• Supports road management and control work by understanding 
changes and transitions in road surface conditions.

• Also, useful as information material to be provided to road 
users.

3. Image sensors
g. Use in road control and management (road surface sensors)

3. Image sensors
g. Use in road control and management (road surface sensors)

Freezing
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■To date ■After introduction of sensors

Analysis, 
evaluation of 
improvement

• It is possible to rapidly and accurately detect the occurrence of dangerous 
situations.

• It is possible to establish effective traffic safety measures by using the data 
on dangerous situations.

• It is possible to rapidly and accurately detect the occurrence of dangerous 
situations.

• It is possible to establish effective traffic safety measures by using the data 
on dangerous situations.

3. Image sensors
h. Use in road control and management (road sensors)

3. Image sensors
h. Use in road control and management (road sensors)

DetectionDetection

ConfirmationConfirmation

Execution of 
control and 

management

Execution of 
control and 

management

Occurrence of
an event

•Notification from the 
location
•Detect on surveillance 
camera

•Notification from the 
location
•Detect on surveillance 
camera

•System automatically 
detects
•System automatically 
detects

•Visual confirmation by 
surveillance camera
•Confirmation by going 
to the location

•Visual confirmation by 
surveillance camera
•Confirmation by going 
to the location

•Automatic notification 
by the system (mobile 
phone, PC, 
surveillance terminal)

•Automatic notification 
by the system (mobile 
phone, PC, 
surveillance terminal)

Rapid detection 
of dangerous 

incident

Understanding of 
latent dangers

Analysis of 
causes of 
accidents

•Analysis of 
accumulated data
•Analysis of 
accumulated data

•Understanding of 
latent accidents
•Evaluation after 
implementation of 
safety measures

•Understanding of 
latent accidents
•Evaluation after 
implementation of 
safety measures

•Entry and archiving 
records
• (report, pics, etc)

•Entry and archiving 
records
• (report, pics, etc)
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• Status of use of sensors according to objective 

Road sensor

9
Early detection of and rapid response to 
rock falls, landslides, etc.

18To detect road surface conditionsRoad surface sensor

11
Early detection of accidents and rapid 
response

41Total

23Subtotal 

3
Surveillance of congestion or stopped 
vehicles

# of 
locationsStatus of use (objective)Type 

• Image sensors for road control and management have been 
introduced throughout Japan for test purposes.

• Image sensors for road control and management have been 
introduced throughout Japan for test purposes.

3. Image sensors
i. Status of introduction of experimental image sensors

3. Image sensors
i. Status of introduction of experimental image sensors
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• Estimation of the potential for freezing by accumulating 
historical information on road conditions, and understanding 
the transitions in road conditions.

• Expected to result in rapid and appropriate road controls.

• Estimation of the potential for freezing by accumulating 
historical information on road conditions, and understanding 
the transitions in road conditions.

• Expected to result in rapid and appropriate road controls.

Figure : Accurate determination of road surface condition is 
expected to result in more efficient snow removal work.

4. Specific methods of use in road control and management
a. Specific methods of use in road surface sensors

4. Specific methods of use in road control and management
a. Specific methods of use in road surface sensors
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• Possible to provide information on road surface conditions to 
road users in an easy-to-understand manner through the 
Internet.

• Possible to provide information on road surface conditions to 
road users in an easy-to-understand manner through the 
Internet.

Figure: Providing information through the Internet

Figure: Providing information on road surface conditions at a tunnel exit

Analysis of data 
measured by sensor

Road surface 
sensor

4. Specific methods of use in road control and management
b. Specific methods of use in road sensors

4. Specific methods of use in road control and management
b. Specific methods of use in road sensors

Camera Image Image of information supply

Freezing ahead, Caution

Changeable
spot of road 
sur face conditions
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• Create a safe road environment by providing information to 
drivers at locations

• Create a safe road environment by providing information to 
drivers at locations

Figure: Experiment to provide information on road conditions 
and congestion before a curve

Source: Prepared from
the ITS handbook

Communicating the 
location of a slow vehicle

Communicating the 
location and speed of 
a slow vehicle

Transmitting the 
starting information

Area where standing and slow 
vehicles and road surface 
conditions are to be detected

4. Specific methods of use in road control and management
c. Specific methods of use in road sensors

4. Specific methods of use in road control and management
c. Specific methods of use in road sensors

Direction of 
travel of vehicle

Base point beacon
Information beacon

Information sign
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上り→

下り←

ＶＩＣＳビーコン

赤外センサー

約300m

センサーが渋滞や停止・低速車両を検知

ピッ！ カーブの先の状況を
簡易図形で表示

カーナビの表示

ピッ！ カーブの先の状況を
簡易図形で表示

カーナビの表示

4月２７日より設置

渋滞末尾情報板

上り→

下り←

ＶＩＣＳビーコン

赤外センサー

約300m

センサーが渋滞や停止・低速車両を検知

ピッ！ カーブの先の状況を
簡易図形で表示

カーナビの表示

ピッ！ カーブの先の状況を
簡易図形で表示

カーナビの表示

上り→

下り←

ＶＩＣＳビーコン

赤外センサー

約300m

センサーが渋滞や停止・低速車両を検知

ピッ！ カーブの先の状況を
簡易図形で表示

カーナビの表示

ピッ！ カーブの先の状況を
簡易図形で表示

カーナビの表示

4月２７日より設置

渋滞末尾情報板

4月２７日より設置

渋滞末尾情報板

• Sensors detects congestion or stopped vehicles occurring in a 
curved road area.

• Transmitting the Information from a VICS beacon installed about 
300m before the curve to approaching vehicle.

• Sensors detects congestion or stopped vehicles occurring in a 
curved road area.

• Transmitting the Information from a VICS beacon installed about 
300m before the curve to approaching vehicle.

4. Specific methods of use in road control and management
d. Specific methods of use in road sensors (combination w ith VICS)

4. Specific methods of use in road control and management
d. Specific methods of use in road sensors (combination w ith VICS)

About 300 m

VICS beacon

Infrared sensor

Car navigation display

Beep!

Sensor detects congestion or stopped or slow vehicles

Congestion tail 
information sign

Conditions around 
the curve displayed 
in simple diagrams

Congestion
ahead



19

• By using road surface sensors and road sensors, it is 
possible to determine locations where accidents may occur.

• By using road surface sensors and road sensors, it is 
possible to determine locations where accidents may occur.

4. Specific methods of use in road control and management
e. Summary

4. Specific methods of use in road control and management
e. Summary
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道路管理データ共有システム

対象路線

対象観測地点

表示

国道○号

△△キロポスト付近

国道○号△△キロポスト付近の状況です。

路面状況

湿潤

観測地点下り上り

◇◇kp累積積雪深

10cm

時間積雪深

0cm

積雪情報

◇◇kp日雨量

60mm

連続雨量

30mm（100mm）

時間雨量

8mm（30mm）

雨量情報

（規制基準）

路面状況

△△kp路面温度

1℃

気温

1℃

路面状況道路状況

△kp▽▽km/h□□km/h平均速度

△kp△△台／5分

□□台／1時間

○○台／5分

△△△台／1時間

交通量

○kp画像情報交通状況

2005年2月28日　○時現在◇◇地先国道○号

路面状況

湿潤

観測地点下り上り

◇◇kp累積積雪深

10cm

時間積雪深

0cm

積雪情報

◇◇kp日雨量

60mm

連続雨量

30mm（100mm）

時間雨量

8mm（30mm）

雨量情報

（規制基準）

路面状況

△△kp路面温度

1℃

気温

1℃

路面状況道路状況

△kp▽▽km/h□□km/h平均速度

△kp△△台／5分

□□台／1時間

○○台／5分

△△△台／1時間

交通量

○kp画像情報交通状況

2005年2月28日　○時現在◇◇地先国道○号

更新

[Road administration data System]

[Tools for
monitoring  and evaluation]

[Congestion information System]

Data center server

Improvement in 
service by 

centralizing data

Smooth usage 
of information 
by linking the 

systems

気温
路面温度
路面状態
走行速度

降雨量
路面温度
路面状態
降雪量

湿度００％

路面温度
路面状態
緯度・経度

ＡＢＳ：１

気温
路面温度
路面状態
走行速度

降雨量
路面温度
路面状態
降雪量

湿度００％

路面温度
路面状態
緯度・経度

ＡＢＳ：１

路側センサーＡ

路側センサーＢ

プローブカーＣ

By using a uniform data format throughout 
the country, data collection and system 
compatibility can be easily achieved

災害対策情報共有システム

○○地区の渋滞情報です。

道路交通情報 気象情報道路交通情報 気象情報

事故情報

迂回路情報

渋滞情報

規制情報

事故情報

迂回路情報

渋滞情報

規制情報

一覧表示切換

5.Future developments 5.Future developments 

• Provide the infrastructure for the use of detailed statistical 
data, and realizing efficient road control and management for 
higher level road policy.

• Promote disclosure and sharing of the data collected.

• Provide the infrastructure for the use of detailed statistical 
data, and realizing efficient road control and management for 
higher level road policy.

• Promote disclosure and sharing of the data collected.

Roadside sensor 

Roadside sensor 

Probe Car

To regional servers



画像処理装置

映像入力制御機能
映像

画像処理制御機能

路面抽出機能

路温データ入力機能

画像特徴算出機能

照明条件検出機能状態判定機能

時系列検出機能

路面温度

機器動作状況監視機能

自己診断機能

リモート設定機能

時刻同期機能

可視撮像装置
撮像機能

路面温度計測装置
路面温度計測機能

画像入力機能

画像処理機能

演算制御機能

画像処理部

演算制御部

デジタル画像
640 × 480(24bit)
１枚／秒

デジタル画像の例

路面画像
640 × 480(24bit)
１枚/数十秒

路面画像の例

画像特徴量の例
メッシュ状の単
位画像に細分化

0

75

150

225

輝度

単位画像毎の輝度、彩度、
色相とそれら分散

単位画像毎に判別
式による路面判定

湿
潤

湿
潤

乾
燥

乾
燥

乾 乾 乾 乾

湿 湿 湿 乾

判定の例

湿潤 乾燥 積雪
水膜

輝度

輝度分散

乾燥ー

湿潤ー

水膜－

判定の例

出力時＝乾燥

路面状況判別機能 確信度判定機能
画像処理許可信号

入力機能 時刻

データ編集機能
データ入出力

制御機能

データ蓄積装置

統合処理部

判定画像の例

判定画像
640 × 480(24bit)

１枚/分

路面データ収集装置・処理の流れ

2004/8/19

データベース




