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Abstract 
 
Driving the wrong way on motorways has been a nagging traffic safety problem all over the world. In order to 
reduce wrong-way driving incidents and crashes, roadside wrong-way warning systems applying advanced ITS 
technologies have been adopted and deployed for the first time at 24 rest areas on motorways in Japan since 
2008. The systems are used to detect wrong-way vehicles and warn the drivers of their wrong-way driving at the 
off-ramps to the rest areas. This paper describes an evaluation of the roadside wrong-way warning systems with 
four different types of sensors from the viewpoint of detection accuracy and effectiveness in preventing wrong-
way driving. The sensing technology includes microwave Doppler radar, ultrasonic sensor, photoelectric sensor, 
and video image processing technology. 
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Περίληψη 
 
Η οδήγηση σε αυτοκινητοδρόμους παραβιάζοντας τους κανόνες οδικής κυκλοφορίας έχει αποτελέσει ένα 
μεγάλο πρόβλημα οδικής ασφάλειας σε όλο τον κόσμο. Με σκοπό τη μείωση των ατυχημάτων που 
προκαλούνται με αυτό το αίτιο, σχετικά συστήματα προειδοποίησης οδηγών έχουν αναπτυχθεί και υιοθετηθεί σε 
αυτοκινητοδρόμους στην Ιαπωνία από το 2008. Εφαρμόστηκαν για πρώτη φορά σε 24 σταθμούς αυτοκινήτων 
σε αυτοκινητοδρόμους της Ιαπωνίας το 2008 με σκοπό την ανίχνευση οχημάτων που κινούνται παραβιάζοντας 
τους κανόνες οδικής κυκλοφορίας και την ενημέρωση των άλλων οχημάτων. Η τεχνολογία αισθητήρων που 
χρησιμοποιήθηκε περιλαμβάνει ραντάρ μικροκυμάτων Doppler, αισθητήρα ultrasonic, φωτοηλεκτρικό 
αισθητήρα και τεχνολογία επεξεργασίας εικόνας. Η εργασία περιγράφει την αξιολόγηση του συστήματος με 
τέσσερις διαφορετικούς τύπους αισθητήρων από την οπτική της ακρίβειας ανίχνευσης και της συμβολής του 
συστήματος στην πρόληψη της οδήγησης παραβιάζοντας τους κανόνες οδικής κυκλοφορίας. 
 
Λέξεις κλειδιά: Οδήγηση με παραβίαση των κανόνες οδικής κυκλοφορίας, συστήματα προειδοποίησης οδηγών, 

οδική ασφάλεια, αυτοκινητόδρομος 
 

1. Introduction 

Drivers who make wrong-way entries onto motorways or other access-controlled highways 
pose a serious risk to the safety of themselves and other motorists. Wrong-way driving often 
leads to severe head-on crashes on motorways. Wrong-way crashes are relatively infrequent, 
but they are more likely to cause fatalities and serious injuries compared with other types of 
motorway crashes. Driving the wrong way on motorways has been a nagging traffic safety 
problem all over the world. Although some engineering efforts have been made and measures 
taken to reduce wrong-way driving and related crashes, the problem persists partly because 
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most wrong-way driving incidents that have not resulted in crashes were not reported, and 
thus, wrong-way crash data is very limited for analysis.  

According to the author’s preceding study (Xing, 2014), more than 900 wrong-way incidents 
were reported to occur annually on entire inter-city motoway network in Japan between 2005 
and 2009, and of them, nearly 3%, or nearly 30 incidents, ended in crashes. And of the total 
133 wrong-way crashes that occurred in the five years, half (67 crashes) involved casualties 
and 15% (20 crashes) resulted in fatal accidents, each being much higher when compared 
with all types of crashes with 13% for crashes causing death and injury and 0.5% for fatal 
crashes. Looking into the origination of wrong-way driving, nearly 40% of vehicles in wrong-
way crashes took U-turns on the mainline, followed by 20% entering the wrong way at 
interchanges after passing the tollgate, 18% before passing the tollgate, and 12% at rest areas. 
Wrong entries and suspected dementia were the two main contributing factors for wrong-way 
crashes, each accounting for nearly 30% of the total number of crashes. 

In order to reduce wrong-way driving incidents and wrong-way crashes on motorways in 
Japan, conventional highway traffic control devices such as “DO NOT ENTER” signs, 
pavement arrow markings, other wrong-way warning signboards and rubber post partial 
dividers have been applied on ramps at interchanges, junctions and rest areas. In addition, 
three types of wrong-way warning systems applying advanced ITS technologies have been 
adopted and deployed recently. They are the roadside wrong-way warning system with 
different type of sensors, autonomous wrong-way driving alert system using GPS and digital 
map, and wrong-way warning system with road-to-vehicle communications such as DSRC. 

This paper describes an evaluation of the roadside wrong-way warning systems with different 
types of sensors that were applied for the first time in 2008 at 24 rest areas on motorways in 
Japan, from the viewpoint of detection accuracy and effectiveness in preventing wrong-way 
driving. The sensing technology includes microwave Doppler radar, ultrasonic sensor, 
photoelectric sensor, and video image processing technology. 
 

2. Outline of the Roadside Wrong-way Warning Systems 

As a pilot project, several roadside wrong-way warning systems with different types of 
sensing technology were implemented as a first trial in Japan at the off-ramps of 24 rest areas 
on Japanese motorways in 2008. The system consists of sensors for detecting wrong-way 
vehicles, a roadside variable message sign (VSM) or signboard displaying messages such as 
“Wrong way!” or “Stop!” or “Don’t enter!”, and flashing lights or rotating lamps or even 
speakers to attract the driver’s attention (Figure 1). The systems are used to detect wrong-way 
vehicles and warn the drivers of their wrong-way driving at the off-ramps to the rest areas. 
Once the system detects a vehicle going the wrong way, it will also activate a video system 
and record the incident one minute each before and after the detection of wrong-way vehicle. 
The system automatically outputs the number of wrong-way vehicles and the two-minute 
video images of each wrong-way vehicle detected. The two-minute video images are later 
used to check if the detection of wrong-way driving is correct or not, and whether the wrong-
way vehicle stopped going the wrong way and turned back to the rest area in response to the 
warnings from the roadside wrong-way warning system. These data are used to examine the 
detection accuracy and prevention effect of the system. 
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Table 1 describes the characteristics of the roadside wrong-way warning systems with four 
different types of sensors which were installed at 24 rest areas on motorways across Japan. 
The sensing technology includes microwave Doppler radar, ultrasonic sensor, photoelectric 
sensor, and video image processing technology. The ultrasonic and photoelectric sensors 
detect wrong-way vehicles from the time the vehicles pass the double sensors. The microwave 
Doppler radar detects wrong-way vehicles and their speed by analyzing the microwaves 
reflected from the vehicles. The video image processing technology can also detect wrong-
way vehicles and their speed by applying some image processing algorithm. Each type of 
sensor has its own particular characteristics and shortcomings which may lead to possible 
errors in detection. The objective of the paper is to evaluate, from the collected data, the 
roadside wrong-way warning systems of each sensor type. Table 2 shows the number of 
locations of the roadside wrong-way warning systems of each sensor type. Ultrasonic and 
photoelectric sensors were used each at three locations. Microwave Doppler sensor was 
applied at 12 locations and video image processing sensor at 7 locations. All these systems 
were installed near the end of the off-ramp, so as to prevent the vehicles from entering the off-
ramp from the rest area. 

 
 

      
 

Figure 1: Roadside wrong-way warning systems with different types of sensors 
 

Table 1: Characteristics of the roadside wrong-way warning systems with different types of sensors 
 

  

Sensor type Ultrasonic sensor Microwave Doppler sensor Video image processing sensor Photoelectric sensor

# of sensors 2 1 1 2

Sensor spacing 2.8m - - 0.5-1.0m

Detection range 0.5-5.0m
100-200m (M-2)

2-15m (M-3)
50-200m (M-4)

30-80m (M-5)
5-150m (M-6)

>= 10m

Detection area 0.5-5.0m x 2.8m
100m x 20m (M-2)
13m x 3m (M-3)

150m x 25 degree (M-4)

Vehicle speed for
detection

10-100 km/h 10-100 km/h  -50 km/h 10-80 km/h

Feature
 -the time of 2 sensors
is used to detect
wrong-way driving

 -24GHz microwave Doppler
sensor

 -long detection range
 -speed up to 160km/h detectable

 -vehicle type detectable
 -sensor spacing ajustable to
reduce possibility of wrong
detection

Objects that may
cause wrong

detection
none

 -moving objects detectable
in snow, rain and wind etc.
 -wrong detection with
parking vehicle and signboard

 -light (sunlight, etc.)
 - reflection of vehicle headlight road
lighting from road surface
 -moving shadow and swaying tree
 -snow and rain

 -pedestrians and animals like birds
detectable
 -snow, rain and fog etc. detectable

Sensor 
 
VMS 

VMS

Sensor 

Wrong‐way prevention 

Wrong‐way 
vehicle 

Wrong
way! 

Direction of flow 
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Table 2: Installation of the roadside wrong-way warning systems and evaluation data collection 
 

 
 

3. Evaluation of the Roadside Wrong-way Warning Systems 

3.1 Data Analysis 

The data collected for evaluation is also shown in table 2 for each type of sensor. The duration 
varies from 23 to 32 months depending on the time of system installment. The data comes 
from the output of the roadside wrong-way warning systems. It includes total traffic volume, 
number of wrong-way vehicles, the date and time the vehicles were detected going the wrong 
way. Once detected, two-minute video recordings, i.e. one minute each before and after the 
detection of wrong-way driving, are made. By checking the video recordings, we can find out 
whether the detection is right or wrong. In addition, we can also judge if a vehicle going the 
wrong way stops, turns, and goes back the right way to the rest area, which means the system 
prevented wrong-way driving as expected. These data are used to calculate the following 
indices that are used to examine the detection accuracy and prevention effect of wrong-way 
driving by the systems: 

    - Average number of vehicles detected of going the wrong way per month; 

    - Average number of vehicles going the wrong way per month; 

    - Average number of vehicles prevented from going the wrong way per month; 

    - Detection error rate (average number of error detections of wrong-way driving per 
month); 

    - Occurrence rate of wrong-way driving (average number of vehicles going the wrong 
way per month); 

    - Prevention rate of wrong-way driving (number of vehicles prevented by the system 
from going the wrong way divided by number of vehicles going the wrong way). 

 

  

Ultrasonic M-1 3 2008/8-2010/6 23

1 2008/9-2011/3 31

1 2008/10-2011/3 29

1 2008/11-2011/3 28

1 2008/7-2011/3 32

1 2008/8-2011/3 31

3 2008/9-2011/3 30

1 2008/11-2011/3 28

1 2008/12-2011/3 27

1 2008/8-2011/3 31

1 2008/9-2011/3 30

1 2008/7-2011/3 32

1 2008/8-2011/3 31

2 2008/7-2011/3 32

3 2008/10-2011/3 29

Photoelectric M-7 3 2008/8-2011/3 31

Data period
Duration
(months)

M-6

M-5

Image processing

M-2

M-3

Sensor type # of locations

Microwave Doppler

M-4

# of makers
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Table 3: Wrong-way occurrence rate at the 25 locations where the systems are installed 
 

  

 

3.2 Wrong-way Driving Incidents 

Table 3 shows the wrong-way occurrence rate per month in descending order that was 
detected by the roadside wrong-way warning systems. The number of wrong-way vehicles per 
month varies greatly from 0 to 83, in which 88% (22/25) of the locations had less than 4 and 
only 3 locations had many wrong-way vehicles: 17.3 (No. 19), 48.6 (No. 22) and 82.7 (No. 8). 
We can see that the high occurrence rate of wrong-way driving incidents results from the 
following main causes: 

- An off-ramp diverges at the end to different parking areas for passenger cars and 
heavy vehicles/motorcycles at the multistoried island rest area (No. 8); 

- An exit ramp diverges from the off-ramp where some vehicles take the risk of going 
the wrong way and head to the exit or gas station through the off-ramp, after resting at 
the rest area (No. 10, 17-1, 17-2, 18 & 22); 

- The on-ramp is located near the off-ramp or an ETC exclusive exit and they are on the 
same side of a rest area (No. 3, 5, 9, 10, 14, 19 & 21);  

Location Maker
Year of

installation
Data collection period

Wrong-way
occurrence rate

(#/month)
Remarks

8 M-1 Aug 2008 Aug 2008 - Jun 2010 82.7
An off-ramp diverges at the end of  off-ramp to different parking areas for passenger
cars and heavy vehicles/motorcycles at the multistoried island rest area.

22 M-7 Aug 2008 Aug 2008 - Mar 2011 48.6
An exit ramp diverges from the off-ramp where many vehicles risk driving the wrong
way to the exit through the off-ramp after resting at the rest area.

19 M-4 Aug 2008 Aug 2008 - Mar 2011 17.3
An ETC exclusive exit is located near the off-ramp to the rest area and they are on
the same side of the rest area.

10 M-3 Sep 2008 Sep 2008 - Mar 2011 3.8
The on- and off-ramps are located near and on the same side of the rest area.
Some vehicles take the risk of driving the wrong way to a gas station located in the
middle of the off-ramp after resting at the rest area.

3 M-4 Sep 2008 Sep 2008 - Mar 2011 2.9
An exit ramp diverges from the off-ramp where some vehicles take the risk of driving
the wrong way to the exit through the off-ramp after resting at the rest area.

 17-2 M-6 Oct 2008 Oct 2008 - Mar 2011 2.5
An exit ramp diverges from the off-ramp where some vehicles take the risk of driving
the wrong way to the exit through the off-ramp after resting at the rest area.

21 M-3 Sep 2008 Sep 2008 - Mar 2011 1.3 The on- and off-ramps are located near and on the same side of the rest area.

14 M-3 Nov 2008 Nov 2008 - Mar 2011 1.2 The on- and off-ramps are located near and on the same side of the rest area.

 17-1 M-6 Oct 2008 Oct 2008 - Mar 2011 1.1
An exit ramp diverges from the off-ramp to the rest area where some vehicles take
the risk of driving the wrong way to the exit through the off-ramp after resting at the
rest area.

5 M-5 Aug 2008 Aug 2008 - Mar 2011 1.0 The on- and off-ramps are located near and on the same side of the rest area.

23 M-7 Aug 2008 Aug 2008 - Mar 2011 0.9 The location of the on- and off-ramps to the rest area is irregular.

4 M-3 Dec 2008 Dec 2008 - Mar 2011 0.5

9 M-1 Aug 2008 Aug 2008 - Jun 2010 0.4 The on- and off-ramps are located near and on the same side of the rest area.

18 M-2 Oct 2008 Oct 2008 - Mar 2011 0.4
An exit ramp diverges from the off-ramp where some vehicles take the risk of wrong-
way driving to the exit through the off-ramp after resting at the rest area.

13 M-3 Jul 2008 Jul 2008 - Mar 2011 0.4 The location of the on-ramps from the rest area is irregular.

7 M-3 Sep 2008 Sep 2008 - Mar 2011 0.3

24 M-7 Aug 2008 Aug 2008 - Mar 2011 0.3
The rest area is located far from the mainline. The location of the on- and off-ramps
to the rest area is irregular.

6 M-1 Aug 2008 Aug 2008 - Jun 2010 0.2

20 M-3 Aug 2008 Aug 2008 - Mar 2011 0.1

1 M-5 Jul 2008 Jul 2008 - Mar 2011 0.1

12 M-6 Oct 2008 Oct 2008 - Mar 2011 0.1

16 M-6 Jul 2008 Jul 2008 - Mar 2011 0.1

2 M-2 Sep 2008 Sep 2008 - Mar 2011 0.0

11 M-2 Nov 2008 Nov 2008 - Mar 2011 0.0

15 M-6 Jul 2008 Jul 2008 - Mar 2011 0.0
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- The location of the on- and off-ramps is irregular, and the access to the on-ramp can 
not be easily found by drivers (No. 13, 23 & 24). 

Figure 2 shows the plan view of the three locations, i.e. No. 8, 22 & 19, where the wrong-way 
occurrence rate is high. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Plan view of the three locations with high wrong-way occurrence rate 

 

3.3 Detection Accuracy of the Roadside Wrong-way Warning Systems 

 
 

 No. 8 

To parking area for 
passenger cars 

To parking area for 
motorcycles and buses 

Wrong‐way	origin	where	
the	system	is	aplied	

To the exit 

To the rest area 

Wrong‐way	origin	where	
the	system	is	aplied	

Entrance/Exit 

To the rest area 

Wrong‐way	origin	where	
the	system	is	aplied	

No. 22 

No. 19 
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Table 4 shows the wrong detection rate, the objects that may cause wrong detection and the 
actions that have been taken to improve detection by each sensor type. We can see from the 
table that except for the ultrasonic sensor, which demonstrated a very low initial wrong 
detection rate, other three types of sensors (microwave Doppler, image processing and 
photoelectric) all showed a much higher wrong detection rate caused by vehicles parked on 
shoulders, nearby signboards, lights (sunlight, vehicle headlight and road lighting), road 
surface reflections, pedestrians, and bad weather conditions like snow and heavy rain. After 
careful field adjustment, the final wrong detection rate for each sensor type decreased very 
much, to less than 10 wrong detections per month. The objects that may have caused wrong 
detections for microwave Doppler sensor were mainly vehicles parked on shoulders and 
signboards, and the actions taken to lower the number of wrong detections were adjustments 
of beam angle and detection area, or even replacing the sensors with those that have functions 
to adjust the detection range. For image processing sensor, the objects causing wrong 
detection were lights such as sunlight, vehicle headlights, and the reflection of headlight and 
road lighting on wet road surfaces, and snow, and it was needed to adjust the camera angle 
and/or detection area to reduce the wrong detections. For photoelectric sensor, pedestrians 
were the main cause of wrong detections and the action taken was to modify sensor spacing to 
correct wrong detections. The system developer M-4 of microwave Doppler sensor has not 
conducted a field adjustment because of some other reason, and thus was not considered in 
the evaluation of detection accuracy. We can see that in order to reduce the wrong detection 
rate, for each sensor type we need to carefully adjust the sensor angle and detection area, etc. 
at the phases of installment and also to re-adjust the sensors to improve their detection 
accuracy. 

 

Table 4: Wrong detection and their improvement for each sensor type 
 

  
 
From the results of field trials in the study, Table 5 summarizes the detection accuracy, the 
objects that tend to cause wrong detections, possible actions that can be taken to improve 
detection accuracy as well as main features of each sensor type. The detection accuracy after 
fine adjustments in the field ranks highest for ultrasonic sensor with an average wrong 

Avg.
(Min - Max)

#/month
Objects of wrong detection

Avg.
(Min - Max)

#/month
Objects of wrong detection

Ultrasonic sensor M-1
0.0

(0.0-0.1)
none - - -

M-2
0.2

(0.0-0.5)
none - - -

M-3
91.3

(0.4-615)
 -vehicles parked on shoulders

 -adjusting beam angle and
detection area
 -replacing sensors with detection
range adjustment function

10.9
(0.0-73)

 -vehicles parked on
shoulders
 -heavy rain and strong wind

M-4
453

(196-710)
 -vehicles parked on shoulders
 -signboard

- - -

M-5
63.3

(5.0-121.5)

 -light (sunlight, vehicle headlight, etc.)
 -road surface reflection (vehicle
headlight, road lighting, etc.)

 -adjusting camera angle
3.9

(2.8-5.0)

 -snowstorm
 -insects and animals
 -road surface reflection

M-6
24.8

(4.0-96.3)

 -light (sunlight, etc.)
 -wet road surface reflection (vehicle
headlight)
 -snow

 -adjusting detection area
7.5

(4.0-19.0)

 -light (sunlight, etc.)
 -wet road surface reflection
(vehicle headlight)
 -snow

Photoelectric sensor M-7
5.9

(2.3-8.3)
 -pedestrians, etc.

 -modifying sensor spacing to
correct wrong detection of
pedestrians

8.8
(5.1-11.3)

 -snow
 -pedestrians
 -insects and animals, etc.

Video image
processing sensor

Microwave Doppler
sensor

Initial wrong detection Final wrong detection

Sensor type Maker Actions taken
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detection rate of 0.0  per month with a range of 0.0-0.1, and the second place is for microwave 
Doppler sensor at 0.4 (0.0-1.7), followed by image processing sensor at 6.5 (2.8-19.0) and 
photoelectric sensor at 8.8 (5.1-11.3). Each sensor type has their weak points, but actions can 
be taken to lower the number of detection errors as shown in the Table 5. In addition, no fine 
adjustments were made in the study for bad weather conditions such as heavy rain, snow, 
strong wind, and insects and animals. It should be noted that the accuracy of detection was not 
compared through controlled experiments here in this study. Each sensor type was installed at 
different sites by different system developers. Therefore, in order to accurately compare the 
detection accuracy for each sensor type, it is recommended that each sensor type be employed 
at the same site for a sufficient period. 
 

Table 5: Detection accuracy, subjects and main features for each sensor type 
 

  
 

3.4 Prevention Effect of the Roadside Wrong-way Warning Systems  

The effectiveness of the roadside wrong-way warning systems on preventing wrong-way 
driving is evaluated in the study by using the prevention rate of wrong-way driving which is 
defined as the number of vehicles prevented by the system from going the wrong way divided 
by the number of vehicles going the wrong way. The effectiveness is judged from the one 
minute video recordings of a car driving the wrong way and returning back to the rest area, 
which were recorded after detection activated the system. If a car driving the wrong way 
returns back to the rest area taking more than one minute after detection, it is not counted as a 
prevented wrong-way driving because we cannot tell from the data collected if the car went 
back or just continued to go the wrong-way. 

Table 6 shows the prevention effect of the roadside wrong-way warning systems for 
altogether 16 locations where more than 9 wrong-way vehicles were correctly detected by the 
systems in around 23-32 months. It describes the details of the systems such as sensor type, 
warning messages and display media (VMS or static signboard), and the distance between the 
sensor and display media, as well as the wrong-way occurrence rate and prevention rate per 

Wrong detection rate
Avg. (Min - Max)

#/month
Objects of wrong detection

Actions and subjects for accuracy
improvement

Ultrasonic
0.0

(0.0-0.1)
none  -  -very high accuracy

 -vehicles parked on shoulders
 -sensor angle and detection area were
adjusted to avoid reflection of other
objects

 -heavy rain and strong wind
 -no actions were taken because
frequency was very low

 -direct sunlight
 -relection of sunlight, vehicle
headlight, road lighting, etc. on
(wet) road surface

 -camera angle and detection area were
adjusted to avoid incident light

 -snow, rain, insects and animals

 -no actions were taken although
midification of image processing
algorithm could be effective to reduce
wrong detection

Photoelectric
8.8

(5.1-11.3)

 -snow, pedestrians, insects and
animals, etc.
 -other unidentified objects of
wrong detecions

 -wrong detection was improved through
modification of sensor spacing for
pedestrans
 -the cause of wrong detection needs to
be identified

 -detection accuracy is relatively low
because there exist many unidentified
objects of wrong detecions

Image
processing

6.5
(2.8-19.0)

 -detection accuracy is relatively low
because wrong detection occurs easily
in case of lights and objects with
movement

Sensor type

Detection accurancy

Feature

Microwave
Doppler

0.4
(00-1.7)

 -high accuracy can be attained after
adjusting sensor angle and detection
area to avoid reflection of other objects
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month. It is seen from the table that the prevention effect varied greatly from 0% to 100%, 
and, of the 16 locations, 6 systems yielded high prevention effect of more than 80% while 7 
systems had much lower effect of less than 20%. Even for the same system developed by the 
same maker with the same sensor type, a completely different prevention effect is achieved at 
sites such as No. 22 and No. 23 and No. 24. This means that in addition to the accuracy of the 
systems themselves, the prevention effect depends on site conditions where the systems are 
installed and periodical adjustment. Among the 7 sites with a low prevention effect, it was 
difficult to achieve the desired prevention effect just by using the warning systems at the three 
lowest sites (No. 10, 17-2, 22) and the fifth lowest site (No. 17-1) where an exit ramp 
diverges from the off-ramp, because many drivers were probably willing to take the risk of 
driving the wrong way to the exit through the off-ramp after resting at the rest area, ignoring 
the warning from the system. In such cases, enforcement should be carried out to prevent 
wrong-way driving that is done intentionally by drivers. 

 
Table 6: Prevention effect of the roadside wrong-way warning systems for locations 

of more than 9 wrong-way vehicles in around 23-32 months 
 

  

3.5 Overall Evaluation of the Roadside Wrong-way Warning Systems 

Table 7 is a summary of the overall evaluation of the roadside wrong-way warning systems 
with different types of sensors (ultrasonic/ microwave Doppler/ image processing/ 
photoelectric) based on the evaluation results carried out in the study. Some of the 
performance indices are obtained from hearings of the system developers, and therefore, 
could be subjective to a certain extent. Among the four sensor types, ultrasonic and 

Location Maker
Data

collection
period

Wrong-way
occurrence rate

(#/month)

Prevention
rate

Sensor type*
Warning message

display media
Warning message

Spacing b/t
sensor and

display
Remarks

24 M-7
Aug 2008 -
Mar 2011

0.3 100% photoelectric
static signboard,
revolving lamp, flash light

Wrong-way!
Dangerous!

46m
The rest area is located far from the mainline. The location of the
on- and off-ramps to the rest area is irregular.

8 M-1
Aug 2008 -
Jun 2010

82.7 100% ultrasonic VMS, warning sound
 Dangerous! Go back!
Wrong way prohibited!

(alternative display)
64m

An off-ramp diverges at the end of  off-ramp to different parking
areas for passenger cars and heavy vehicles/motorcycles at the
multistoried island rest area.

19 M-4
Aug 2008 -
Mar 2011

17.3 99%
microwave

Doppler
VMS, red revolving lamp

Wrong-way driving! No
entering! (alternative

display)
40m

An ETC exclusive exit is located near the off-ramp to the rest
area and they are on the same side of the rest area.

5 M-5
Aug 2008 -
Mar 2011

1.0 94%
image

processing
VMS Wrong way prohibited! 50m

The on- and off-ramps are located near and on the same side of
the rest area.

23 M-7
Aug 2008 -
Mar 2011

0.9 84% photoelectric
static signboard,
revolving lamp, flash light

Wrong-way!
Dangerous!

40m The location of the on- and off-ramps to the rest area is irregular.

3 M-4
Sep 2008 -
Mar 2011

2.9 79%
microwave

Doppler
VMS, red revolving lamp

Wrong-way driving! No
entering! (alternative

display)
20m

An exit ramp diverges from the off-ramp where some vehicles
take the risk of driving the wrong way to the exit through the off-
ramp after resting at the rest area.

21 M-3
Aug 2008 -
Mar 2011

1.3 59%
microwave

Doppler
VMS, yellow revolving
lamp, warning sound

 Dangerous! Go back! 20m
The on- and off-ramps are located near and on the same side of
the rest area.

9 M-1
Aug 2008 -
Jun 2010

0.4 56% ultrasonic VMS, warning sound Wrong way prohibited! 48m
The on- and off-ramps are located near and on the same side of
the rest area.

14 M-3
Nov 2008 -
Mar 2011

1.2 21%
microwave

Doppler
VMS, yellow revolving
lamp, warning sound

 Dangerous! Go back! 20m
The on- and off-ramps are located near and on the same side of
the rest area.

4 M-3
Dec 2008 -
Mar 2011

0.5 15%
microwave

Doppler
VMS, yellow revolving
lamp, warning sound

 Dangerous! Go back! 30m
The on- and off-ramps are located near and on the same side of
the rest area.

 17-1 M-6
Oct 2008 -
Mar 2011

1.1 11%
image

processing
VMS (horizontal and
vertical)

Wrong way prohibited! 50m
An exit ramp diverges from the off-ramp to the rest area where
some vehicles take the risk of driving the wrong way to the exit
through the off-ramp after resting at the rest area.

13 M-3
Jul 2008 -
Mar 2011

0.4 10%
microwave

Doppler
VMS, yellow revolving
lamp, warning sound

 Dangerous! Go back! 60m The location of the on-ramps from the rest area is irregular.

10 M-3
Sep 2008 -
Mar 2011

3.8 9%
microwave

Doppler
VMS, yellow revolving
lamp, warning sound

 Dangerous! Go back! 86m

The on- and off-ramps are located near and on the same side of
the rest area. Some vehicles take the risk of driving the wrong
way to a gas station located in the middle of the off-ramp after
resting at the rest area.

 17-2 M-6
Oct 2008 -
Mar 2011

2.5 7%
image

processing
VMS (horizontal and
vertical)

Wrong way prohibited! 40m
An exit ramp diverges from the off-ramp where some vehicles
take the risk of driving the wrong way to the exit through the off-
ramp after resting at the rest area.

22 M-7
Aug 2008 -
Mar 2011

48.6 1% photoelectric
static signboard,
revolving lamp, flash light

Wrong-way!
Dangerous!

37m
An exit ramp diverges from the off-ramp where many vehicles
risk driving the wrong way to the exit through the off-ramp after
resting at the rest area.
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microwave Doppler sensors yield a much lower wrong detection rate than image processing 
and photoelectric sensors. On the contrary, image processing and photoelectric sensors 
demonstrate a high effect to prevent wrong-way driving. The ultrasonic sensor seems to be 
satisfactory in the prevention. The microwave Doppler sensor, however, does not seem to 
show a stable prevention effect. In terms of cost, the photoelectric sensor is much cheaper 
compared to the other three. It is difficult, however, for ultrasonic and microwave Doppler 
sensors to be applied for multi-lane sections on motorways. There seems to be no distinct 
difference in durability. All the systems, whichever sensor type is applied, need periodical 
inspection and fine adjustment in order to keep the high performance of the systems. 
 

Table 7: Summary of evaluation of the roadside wrong-way warning systems 
 

 
 

4. Conclusions 

This paper describes an evaluation of roadside wrong-way warning systems with four 
different types of sensors that have been applied as first trials at 24 rest areas on motorways in 
Japan since 2008. The systems were installed to detect and warn wrong-way drivers at off-
ramps leading from the mainline to rest areas, and the evaluation was made from the 
viewpoint of detection accuracy and their effects on preventing wrong-way driving. The 
sensing technology includes microwave Doppler radar, ultrasonic sensor, photoelectric sensor, 
and video image processing technology. 

It is found from the evaluation results that wrong-way driving incidents occur because a) an 
exit or another off-ramp diverges from an off-ramp before entering the rest area so that some 
drivers dare to take the risk of driving the wrong way to the exit on the off-ramp after resting 
at the rest area; b) the on-ramp is located near the off-ramp or an ETC exclusive exit and they 
are on the same side of the rest area; c) access to the on-ramp can not be easily found because 
drivers are not familiar with the locations of the on- and off-ramps. The detection accuracy 
ranks the highest for ultrasonic and microwave Doppler sensors. Image processing and 
photoelectric sensors demonstrate a high effect to prevent wrong-way driving. The ultrasonic 
sensor seems to be satisfactory in the prevention of wrong-way driving. The microwave 

Ultrasonic Microwave Doppler Image processing Photoelectric

〇
0.1 (0.0 -0.1)

○
0.4 (0.0-1.7)

△
6.5 (2.8-19.0)

△
8.8 (5.1-11.3)

rain and snow, etc. － X X X

sunlight and tail lamp, etc. － ○ X ○

birds and animals, etc. － X X X

reflection from obstacles － X X ○

reflection from road surface － ○ X ○

initial (million USD/location) 4.0-5.0 4.5-6.0 6.6-7.3 1.5

maintenance
inspection

(every 6 months)
inspection

(every 6 months)
adjustment of instrument

(every 3 months)

mowing (every month)
optical axis inspection and voltage

measurement (once a year)

X X △ △

○
5-10 years

○
5-10 years

○
6 years

△
3-15 years

(fan-3 years, power-7 years,
breaker-15 years)

Prevention rate of wrong-way driving* △
78% (56-100%)

X
47% (10-99%)

○
94%

○
92% (84-100%)

* The prevention effect is not included here for those sites where wrong-way driving is done intentionally by drivers.

○: good; △: fair; X: poor

Objects that may
cause wrong
detection

Cost

Sensor type

Detection accuracy
(wrong detection/month)

Detection applied on road of 2 lanes or more

Durability
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Doppler sensor, however, does not seem to show a stable prevention effect. In order to 
improve the detection error rate, it is important that the sensor angle, detection area, etc., for 
each sensor type should be carefully adjusted at installment and also be re-adjusted 
periodically to improve their detection accuracy. The roadside wrong-way warning systems 
are only effective for unintentional wrong-way driving. For intentional wrong-way driving, 
however, enforcement is recommended to stop such acts. 

Considering Japanese severe aging society now and in the near future, wrong-way warning 
systems that apply advanced ITS technologies are important to alert drivers and effectively to 
prevent wrong-way driving on auto-only highways and motorways. In this respect, the 
roadside wrong-way warning systems described and evaluated in the study need to be 
improved in terms of detection accuracy and prevention effect. Development of sensors with 
high accuracy is crucial and inevitable. 
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