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1. Introduction

Speed is a core issue in road safety although the relationship between speed and accidents is a complex one. Worldwide 5 to
15% accidents are occurring due to over speed. TRL (1997), and Andersson and Nilsson (1997) reports the reduction of speed
by 1mph reduces the casualties by 5% and reduction of mean speed by 10% results in a reduction of number of fatalities by
40%. Finch et al (1994) suggests an increase in mean speed by 2 to 4mph results in an increase of the number of fatalities by
19 to 34%. Small reductions in mean travel speeds have a substantial impact on injuries and fatalities. Environmental (weather)
conditions also play a crucial role on speed and accidents, which affects the visibility. Fog and rain reduces driver perception
and affects the perceptual judgment of speed and distance. Under these circumstances, driver has less time to react and in turn
cause road accidents and fatalities. Enough reduction of speed under fog conditions should be needed and if speed variability is
controlled and reduced under adverse environmental conditions can see a reduction in accidents and fatalities. Due to poor
visibility under adverse conditions level of dangerous is high compared to normal conditions and driver has no information
related to the necessary speed that he has to follow. If road authorities provide necessary information, drivers can change their
behavior, which will reduce road accidents and fatalities. Variable Message Signs (VMS) is one of the best tools available for
providing necessary information to the driver.

This paper focuses on how well traffic messages (traffic advisory information) will help drivers to divert potentially
dangerous road conditions under adverse environment conditions. The techniques used for this study involves a driving
simulator in a laboratory setting to examine the effect of VMS on drivers speed behavior while viewing the information
provided through VMS. The motivation behind this study is driven by the need to understand whether advisory information
will help to reduce the accidents on the road and to do so without unnecessary risks to the drivers. If drivers can be persuaded
to modify their driving maneuver by the provided information, road hazards can potentially be avoided.

In this study sample drives the simulator on a graphical representation of Oyamazaki section under fog conditions, with and
without VMS. This gives a chance to study how the sample will receive and behave by the provided information and also to
find the effect of VMS on driver speed behavior.

2. Driving Simulator - VERS III

Virtual Evaluation for Road Space-III (VERS-III) driving
simulator is the third generation of the original version developed by
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(Mori, 2003) Figure 1: Configuration of VERS — III simulator
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3. Oyamazaki Section

Oyamazaki section is one of the important expressway section, which connects Kansai region to Nagoya and it goes through
typical geographical conditions. Considered Oyamazaki section for simulator experiment starts at Km510.000 and ends at
Km501.500.

4. Experimental Setup

Fog is a cloud made up of water droplets or less commonly icy crystals. This cloud is formed near the ground and reduces
visibility to less than 1km. According to National Oceanic and Atmospheric Administration (1997), fog is designated when the
visibility is less than one km. Fog can cause drivers to underestimate his own speed and can lead to accidents. When a vehicle
traveling at 90kmph needs 6sec for complete stop under normal conditions. When slippery due to fog, visibility drastically
reduces and it will be difficult to stop the vehicle with in the stopping sight distance. Under adverse conditions it is essential to
double the stopping sight distance and also reduce the speed by 1/3 or 1/2. (Ritzel, 2001). In this experiment, level of fog is a
fixed variable and 60kmph with VMS speed scenario is proposed to consider. Level of fog should be fixed in such a way that
stopping sight distance of 100m (AASHTO, 1984) should be available to the sample driver to run the driving simulator under

fog conditions.

Placement of passing vehicles in the surrounding lane(s), sample
may judge their own speed relative to those vehicles and the objects in
the visual field. Schematic diagram for the proposed scenario is shown
in Figure 2. Gantry VMS sign is placed on the simulated section and
samples are requested to drive in the centre lane. Single maintenance
vehicle is placed in the centre lane where sample has been asked to
drive the simulator. Maintenance vehicle will be placed randomly after
first VMS and will travel with lesser speed so that it will provide an
opportunity to study the overtaking behavior. The reason is sample
observes the VMS first and then maintenance vehicle. Sample will try
to overtake maintenance vehicle by driving in to right lane and will
request sample kindly move to centre lane once overtaking is
completed.
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Suggested strategy for placement of maintenance vehicle will be

) ' Figure 2: Proposed scenario for experiment
with a speed of 30kmph and will be placed randomly once sample

crosses the first VMS location. Position of maintenance vehicle will be
at a distance of 300-500m away from the VMS location. The reason to
suggest 300-500m is maintenance vehicle travels at a speed of 30kmph
and will travel around 300-500m and if sample adopts suggested speed
or more than the suggested speed it will give a chance to overtake at a
distance of 600-1000m from the VMS location. This distance is less
than the minimum distance of the divided sections i.e., 1.920km. The
proposed VMS message is same at suggested three locations i.e., km
507.426, km 505.350 and km 503.430 (Figure 3). First VMS message
will act as a caution/ warning message to the sample by suggesting
careful about fog and the speed to be adopted under fog conditions. If
sample drives faster than the suggested speed, second and third VMS
messages will emphasize the safety once again by suggesting the speed

Figure 3:
Locations for
placement of VMS

to be adopted, so that sample can adopt speed reducing behavior

suitable to fog conditions.
Proposed VMS will be as per the guidelines provided by Japan # I J 6 O k m / h *E*IJ
Public Highway Corporation and under fog conditions VMS should

display CAREFUL FOR FOG. Due to this reason proposed message
will be in Japanese with suggested speed 60km/h in with VMS
condition and is shown in Figure 4.

Figure 4: Proposed VMS message

5. Experiment

Data collected by the experiment needs processing before it is usable for the purpose of this study. Collected data includes
several parameters, which is recorded in to data files. Necessary data include current lane, speed, trajectory of vehicle, current
position of accelerator and current position of brake. Current lane provides whether sample is driving in the requested centre
lane or not. Speed is used in the analysis to find the effect of VMS on driver speed behavior under without VMS and with
VMS. Trajectory of vehicle provides the position of the vehicle with respect to distance etc. Effect of VMS on driver’s speed
changing behavior is analysed on Oyamazaki section by considering the two test samples. To avoid discrepancies and
simulator sickness, without VMS and with VMS cases were randomly allocated to test samples.



6. Findings

To run the driving simulator, initially 2 test samples were considered and test run was conducted on June 9, 2004. The
analytical findings related to the effect of VMS on driver’s speed changing behavior are discussed in the following sub sections.

6.1. Findings of test sample 1

Test sample 1 driven simulator in the order of with VMS and without VMS. Speed changing behavior in both cases is
shown in Figure 5.

Average speed adopted in without VMS is 81.72kmph and in with VMS is 72.93kmph. An average speed reduction of
8.8kmph is observed between these two cases.

In without VMS case, to finish the task it took 364sec; 52% of the time sample drives above average speed and 48% of the
time sample drives below average speed i.e., 81.72kmph.

In with VMS case, to finish the task it took 409.4sec; 28% of the time sample drives above average speed and 72% of the
time sample drives below average speed i.e., 72.93kmph which is more than the suggested VMS speed, 60kmph (20% of
the time sample drives with less than or equal to 60kmph).

In without VMS case, maximum speed was observed at km507.441 i.e., 94.63kmph. Minimum speed 64.1kmph was
observed at km507.078 during overtaking of maintenance vehicle.

In with VMS case, maximum speed was observed at km507.541 i.e., 113.41kmph. After that speed reduction was
observed because of first VMS message, which was placed at km507.426. Minimum speed 36.86kmph was observed at
km504.920 before overtaking of maintenance vehicle.

In with VMS case, test sample was driving with more than 100kmph and after passing through the first VMS at
km507.426 drastic reduction in speed was observed on the remaining section, which is below average speed.
One-kilometer average speeds were observed before and after the messages in without and with VMS cases at km 507.426,
km 505.350 and km 503.430. In without VMS, before and after the messages observed average speeds were 82.17 and
82.25kmph; and in with VMS average speeds were 78.40 and 70.82kmph. Reduction in average speeds in with VMS was
observed when compared to without VMS case after passing through the VMS.

When test sample 1 was driving on almost free flow section, was shocked by sudden presence of maintenance vehicle in
the centre lane. At that point a huge change in the sample behavior was observed. However information related to
placement of maintenance vehicle, free flow section etc was not disclosed before the experiment.

Maximum speed deviations were observed at starting point and also at overtaking a maintenance vehicle. Entire sections
speed deviation in without VMS is 1.99kmph and in with VMS is 2.52 kmph. In with and without VMS cases 12% and
24% of the section was driven above average speed deviations.

Overall average speeds were higher in without VMS case than in with VMS case under fog conditions.
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. Findings of test sample 2

Test sample 2 driven simulator in the order of without VMS and with VMS. Speed changing behavior in both cases is
shown in Figure 6.

Average speed adopted in without VMS is 123.44kmph and in with VMS is 109.27kmph. An average speed reduction of
14.17kmph is observed between these two cases.

In without VMS case, to finish the task it took 238sec; 53% of the time sample drives above average speed and 47% of the
time sample drives below average speed i.e., 81.72kmph.

In with VMS case, to finish the task it took 269.5.4sec; 44% of the time sample drives above average speed and 56% of
the time sample drives below average speed i.e., 72.93kmph which is more than the suggested VMS speed, 60kmph (1%
of the time sample drives with less than or equal to 60kmph).

In without VMS case, minimum speed 104.27kmph was observed at km509.250. Maximum speed 142.51kmph was
observed at km507.222.

In with VMS case, maximum speed was observed at km507.447 i.e., 129.68kmph. This is just after first VMS, which
was placed at km507.426and after that speed reduction was observed. Minimum speed 94.37kmph was observed at
km505.303 just after second VMS.



« In with VMS case, test sample was driving with more than 100kmph and after passing through the first VMS at
km507.426 maximum time adopted speed on the remaining section is below average speed.

« One-kilometer average speeds were observed before and after the messages in without and with VMS cases at km 507.426,
km 505.350 and km 503.430. In without VMS, before and after the messages observed average speeds were 128.29 and
127.71kmph; and in with VMS average speeds were 111.72 and 105.01kmph. Reduction in average speeds in with VMS
was observed when compared to without VMS case after passing through the VMS.

+  When test sample 2 was driving on almost free flow section, was shocked by sudden presence of maintenance vehicle in
the centre lane. At that point a huge change in the sample behavior was observed. However information related to
placement of maintenance vehicle, free flow section etc was not disclosed before the experiment.

¢ More than average speed deviations were observed at several points in both cases. Entire sections speed deviation in
without VMS is 3.03kmph and in with VMS is 3.23kmph. In with VMS and without VMS cases 24% and 53% of the test
section was driven above the average speed deviations.

¢ Overall average speeds were higher in without VMS case than in with VMS case under fog conditions.
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7. Conclusions

Based on the analytical findings it was observed that VMS has an effect on test samples with an average speed changing
behavior of 10kmph. For these two test samples, also observed variation in speed deviations in without VMS and with VMS
cases. Reduction in average speeds was observed in with VMS case when compared to without VMS case after passing
through the variable message signs. Test samples responded positively to the installed VMS system by changing the speed
behavior. Final experiment was conducted on June 21, 2004 with 8 samples and an in depth study is under progress. Detailed
analysis of 8 samples data can give a chance to study whether traffic advisory information has an affect on driver’s speed
changing behavior or not.

While observing the overtaking behavior, when both test samples were driving on almost free flow section, was shocked by
sudden presence of maintenance vehicle in the centre lane. At that point a huge change in the sample behavior was observed.
However information related to placement of maintenance vehicle, free flow section etc was not disclosed before the
experiment. Reduction of average speed and speed deviations by the provided traffic advisory information through variable
message signs under adverse conditions such as fog and rain has an impact on reduction of accident fatalities and severities.

References

[

Transport Research Laboratory, Quantifying the Effect of Speed on Accident Risk, TRL-S211Q Report, U.K., 1997.

2. Andersson G and Nilsson, G: Speed Management in Sweden. Linkoping: Swedish National road and Transport Institute
VTI, 1997.

3. Finch, D.J, et al: Speed, Speed Limits and Accidents, Transport Research Laboratory, Crowthorne, 1994.

4. Mori, Y., et al: Introduction of virtual evaluation system for road space (VERS III): a new tool for improvement of
expressway design and operation, 2003.

5. National Oceanic and Atmospheric Administration URL: http://nimbo.wrh.noaa.gov/Portland/glossary.html 1997.

6. Ritzel, D.O. Safety Center, Southern Illinois University, Carbondale URL:
http://www.siu.edu/~ritzel/courses/302s/vehicle/totalstoppingdistance.htm, 2003.

7. AASHTO: A Policy on Geometric Design of Highways and Streets, 1984.

ABSTRACT

VMS used to provide dynamic information and are currently used to show different speed limits under different conditions. As
speed is an important contributor to road accidents and also affects driver’s speed behavior, present study focuses on how well
traffic advisory information will help drivers to divert from potentially dangerous conditions. Graphical representation of
Oyamazaki section made easy to isolate the effects of speed etc. by drivers with information provided through VMS under
adverse fog conditions. This gives a chance to study how the sample will receive the provided information and also to find the
effect of VMS on driver’s speed behavior.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


