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Introduction and Location 

 

Introduction 

 

Pedestrian safety is a concern and new there are technologies available to address this 
issue.  This project evaluated the use and reliability of pedestrian activated solar powered 
warning flasher.  Some of the questions are wished to find answers to are: What 
understanding do pedestrians and drivers have of warning flashers at a crosswalk?  What 
are users’ reactions to the flasher?  Will pedestrian activation of the flasher have a different 
impact than a continuous flasher? Will the solar powered system work in all weather 
conditions?  Will the wireless system work? To answer these questions,  the system was 
evaluated under Minnesota environments.   

 

Mn/DOT and the City of St. Paul jointly proposed a study to evaluate solar powered 
wireless pedestrian activated flasher system under Minnesota environments. The system 
is installed on Rice Street, south of University Avenue in the city of St. Paul.  There are a 
total of three flashers installed one on either side of the street and one in the median.   

 

Location and Site Information 

Location: 

 

The pedestrian crosswalk is located on Rice Street south of University Avenue in the city 
of St. Paul, with the pedestrian crosswalk in the east-west direction.  The following is the 
site location map (Figure 1).  It is a zebra (block type) marked crosswalk (Figure 2).  There 
were three existing pedestrian crossing signs in place prior to the test.  
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Figure 1 Site Location Map 

 

 
Figure 2 Pedestrian Crosswalk on Rice Street 
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Pedestrian traffic 

 

The major pedestrian volume at test location is generated by pedestrian trips between 
Mn/DOT’s contacted parking lot (Sears parking lot) and Mn/DOT central office building.  
Since the pedestrian trips are primarily tied to work hours, the pedestrian peak hours are 
the same as vehicular peak hours for the morning and afternoon.  The Mn/DOT contract 
parking lot currently has 578 spaces. 

 

Vehicular Traffic 

 

Since Rice Street is a north-south bound street.  There is no concern of the sunset effect 
on the visibility of the flasher.  Southbound traffic appears more in platoon than the 
northbound traffic.  The evaluation is focused on the south bound traffic due to the data 
collection limitation. 

 

Geometric Information of the Site 

 

Rice Street is an urban design collector with curb and gutter, median divided multi-lane 
street (see Figure 3 geometric information photo for details).   

 

For southbound traffic, there are three through lanes.  North of the block there is a bus 
stop.  At the south end of the block, there is an entrance to the Mn/DOT / Sears parking 
lot.  Vehicles on the outmost lane may turn right into the parking lot.  The pedestrian 
activated flasher is installed at the marked crosswalk near the Mn/DOT / Sears parking 
entry. 
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Figure 3 Geometric Information of the Crosswalk location 

 

Installation and Technical Operational Details 

 

Pedestrian Activated Solar Warning Flasher: 

 

A Carmanah R820 solar-powered LED pedestrian beacon system was installed at the 
crosswalk. It is a self-contained solar-powered system.  The three units, two on either side 
of Rice Street and one in the center median, are coordinated via wireless radio frequency 
(RF) transmitter. The intensity of the LED flasher peaks at 800 candela in daylight and 400 
candela at night. The flashing rate is between 50 and 60 flashes per minutes in a 
“bouncing ball effect”.  It can function for a minimum 30 days between solar charges.   The 
solar battery system, proprietary electronics, and the monocrystalline solar panels with UV 
protected polymer are compact and located in one of the top solar panel housings.  Except 
the rechargeable battery pack replacement, the manufacture’s recommended 
maintenance is every 5 years. 
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Figure 4 Crosswalk Before Flasher Installation 

 

 
Figure 5 Crosswalk After Flasher Installation 
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Foundation and Pedestal Installation 

 

Tow dates were needed for installation due to the complication of underground wiring and 
utility.  On October 18, 2004, the city of St. Paul installed the two foundations and poles on 
the sides of Rice Street, set anchors, and put base support collar on.  On November 2nd, 
2004, the city of St. Paul’s crew hand dug the foundation in the center median island.  This 
was necessary to avoid the utility company (Xcel) lines that occupied that same space.  
They ground off bolts and Kelly banded the new pole in the foundation. 

 

Both installations were completed during off peak hours and therefore had minimum 
impacts on traffic.  The pedestals on the sides of Rice Street were installed in the sidewalk 
using anchor bolts and a support collar.  For the center median pedestal, a pre-poured 
concrete foundation with mounting hardware was installed. 

 

 
Figure 6 Pedestal on side of Rice Street 
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Figure 7 Center Median Utilities 

 
 

    
Figure 8 Center Median hand-dug Foundation 

 
Flasher installation 

 

The city of St. Paul prepared the solar panel module and pedestrian push button plates for 
installation on November 29, 2004.  The installation was performed by the city of St. Paul 
two-person crew suing a bucket truck.  Due to the height of the pole, a section of the poles 
had to be sawed off at the site.  Once ready for the installation, the crew carefully threaded 
the wire through the mounting pole (Figure 9).  The solar panel module was mounted by 
attaching the solar head and shoulders to the top of the pole (Figure 10).  The signal 
heads were installed onto the shoulders, and the wiring from the solar panel module to the 
signal heads, and batteries were connected (Figure 11).  One of the crew members then 
installed the pedestrian push button plates and attached the button to the plate (Figure 12 
and Figure 13).  The other crew member attached the solar panel, connected the wire, 
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affixed the solar panel top, attached the bottom brackets, leveled the solar head, and 
installed the bird spikes on the module housing (Figure 14).  Testing and programming 
were performed by the crew based on the manufacture’s instructions (Figure 15). Final 
adjustments were then made. 

 

There were minimal traffic impacts during the installation (Figure 16).  The project installed 
new pedestrian signs for the crosswalk to conform with the MUTCD update (Figure 17).  
Mn/DOT also suggested a push button sign for the pedestrian flashers (Figure 18).   

 

 

Figure 9 Thread Wiring 
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Figure 10 Solar Head Installed 

 
 

 
Figure 11 Signal Head Installed 
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Figure 12 Pedestrian Pushbutton Plate Installation 

 
 

 
Figure 13 Attach Pedestrian Push Button 
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Figure 14 Affixed the Solar Panel Top 

 
 

   
Figure 15 Testing and Programming 

 
 



 14

 
Figure 16 Traffic during the Installation 

 
 

 
Figure 17 Updated Pedestrian Crossing Sign 
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Figure 18 Mn/DOT Pedestrian Flasher Push Button Sign 

  
 
 

Methodology for the Study 

Methodology and Approaches 

 

The evaluation and methodology/approaches used for the project are:  

 

Before and After Study 

 

Pedestrian and driver reaction was evaluated using video data collected during the peak 
hours.  Speed information in three separate zones was collected using the floating vehicle 
method (test vehicle method).   

 

Market Survey 

 

A written survey was distributed and collected from this site, and other locations with and 
without pedestrian activated flashers. 
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Observations 

 

System performance was visually observed during the test.  Weather information was also 
collected during the test.  

 

Data Collection & Results 

Data collection 

Before Study Data collection 

 
Video Data 

 

A Sony MiniDV Handycam Camcorder was borrowed from the University of Minnesota in 
September of 2004 to collect the before study data. Due to the limited available data 
collection locations, only southbound (north of the pedestrian crosswalk) traffic data was 
collected.  Video data was collected from the second floor of the State Office Building 
Parking ramp.  Data was collected on Tuesday’s, Wednesday’s , and Thursday’s.  Both 
morning peak hours and afternoon peak hours data was collected. The before study data 
was collected on the week of September 13th and September 20th, 2004.  

 

Floating Vehicle Data 
 

Floating Vehicle methods were used to collect data in the before study.  Tuesday’s and 
Wednesday’s traffic and pedestrian information was collected for both morning and 
afternoon peak hours.  A tape recorder was equipped in the test vehicle (state unit) and 
three zone speed information (north of the study pedestrian crosswalk) was recorded 
traveling on south bound of Rice Street.  The three zone speed information was collected 
prior the crosswalk each about 50 feet apart. Data was collected on November 2nd,  9th, 
and 10th 2004. 

The following data collection approaches were conducted.  They were not used in the 
project analysis but used as reference information. 

Security camera data: Security camera video information was provided but it was decided 
not to use it for the study due to it being non-continuous and it was difficult to extract speed 
information.   

RTMS data: In September 2004, Mn/DOT Metro district installed six Remote Traffic 
Microwave Sensors (RTMS’s) for the project and collected two days of data.  All six of the 
RTMS’s were installed on the east side of Rice Street, pointing perpendicularly towards 
the travel lanes.  Three RTMS’s were north of the study crosswalk, and three were south 
of the study area.  Due to the nature of the study we were trying to collect actual speed 
information not average speed data, the data collected consumed a huge amount of  
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memory space.  Because of this only two days of data were collected.  This data was not 
used for findings in this study but used as a reference for the speed information at the site. 

Autoscope Data Calibration: The video data was tried to be extracted via Autoscope 2004.  
Due to the data collection site limitation, calibration video data was collected on the 
crossing bridge of University Avenue in October, 2004. On November 2nd, 2004,  video 
data, test vehicle data and GPS data were collected to calibrate speed data. Data 
calibration showed that partial virtual detector placement has the worst validation rate for 
speed data.  Angled virtual detector and normal virtual detector placement have the same 
validated speed data near 90%.  Autoscope was not used for the findings of this study. 

 
Transition Phase Data Collection 

 

A Sony MiniDV Handycam Camcorder from the Office of Traffic, Security and Operations 
(OTSO) was used to collect the transition phase data (within two weeks after the 
installation). For consistency, only southbound (north of the pedestrian crosswalk) traffic 
data was collected.  Video data was collected from the second floor of the State building 
Parking ramp.  Both morning peak hours and afternoon peak hours data was collected. 
The transition phase data was collected on the week of December 6th and December 13th, 
2004.  

 

After Study Data Collection  

 

Video Data 
 

A Sony MiniDV Handycam Camcorder from OTSO was used to collect the after study 
data (after three months of installation). For consistency, only southbound (north of the 
pedestrian crosswalk) traffic data was collected.  Video data was collected from the 
second floor of the State Office Building Parking ramp.  Data was collected on the day 
without rain. The after study video data was collected on the week of May 7th and May 9th, 
2005.  

 

Floating Vehicle Data 
 

Floating Vehicle methods were used to collect data in the after study.  Tuesday’s and 
Wednesday’s traffic and pedestrian information was collected for both morning and 
afternoon peak hours.  A tape recorder was equipped in the test vehicle (state unit) and 
three zone speed information (prior the study pedestrian crosswalk) were recorded 
traveling on south bound of Rice Street.  Data was collected on March 8th, 9th, 15th and 
May 11th, 2005. 
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Evaluation Results 

 

Pedestrian / Driver behavior   

 
Push button usage 

 

Based on observation data, push button usage during the transition phase (within two 
weeks after the pedestrian flasher installation) was 34% and the after study phase (3 
months after the pedestrian flasher installation) recorded push button usage of 12%.   

 

Vehicular Braking & Stopping action 
 

The following are the vehicular braking and stopping reaction results based on video data 
collection: 

 

 

Table 1  Vehicular Braking & Stopping for Difference Phases 

Phases 
Max. 
Pedestrian 
Queue 

Max. 
Vehicle 
Queue 

Brake 
Percentage 
% 

Stop percentage 
% 

Before 5 8 74 22 

Transition  3 8 76 32 

After 3 7 42 22 
 

Based on the observation data, during the transition phase there is a higher percentage of 
vehicles stopping for pedestrians.  Pedestrian flashers do have impacts on driver reactions 
immediately (within two weeks) after the device’s installation, however three months later, 
the percentage of vehicles stopping for pedestrians came back to the same level prior the 
flasher installation.  Flashers seem to have a very short-term impacts on vehicular 
stopping actions.  

 

Based on the observation data, the maximum pedestrian queue was reduced after the 
flasher installation for both the transition phase and the after study phase.  That indicates 
that conflict points at the crosswalk were reduced 

 



 19

 
Table 2  Vehicular Braking & Stopping with Flasher On and Off 

Phases Flasher 
Max. 
Pedestrian 
Queue 

Max. 
Vehicle 
Queue 

Brake 
Percentage 
% 

Stop percentage 
% 

ON 3 8 88 41 
Transition 

OFF 3 3 53 14 

ON 3 4 64 33 
After 

OFF 2 7 32 18 
 

Based on observation data, during both the transition and the after study phase, the brake 
and stop percentages are much higher when the flasher is ON than when it is OFF. 

 

The following are the vehicular braking and stopping reaction based on floating vehicle 
method: 

 

Table 3   Floating Vehicle Braking & Stopping  
Phases Brake 

Percentage 
% 

Stop percentage 
% 

Before 9 6 

After 14 9 
 

It was observed that both the braking percentage and the stop percentage increased after 
the flasher were installed.  That indicates that the flashers do have impacts on driver’s 
reaction at the crosswalk.  

 

Vehicular Speed Change 

 

Table 4  Three Zone Speed  

Phases 
Speed 1 (mph) 
(Far) 

Speed 2 
(mph) 

Speed 3 (mph) 
(Near) 

Before 30.53 30.31 30.28 

After 31.31 31.16 30.87 
 

The speed data showed no significant speed change before and after the flasher 
installation.  Our zoning data showed that speed reduced near the pedestrian crosswalk 
both before and after flasher installation,. 
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Market Survey and Results 

Market Survey 

Postcard questionnaire surveys of the pedestrians were conducted at three sites: 

• Rice Street with flasher – test installation 

• Rice Street non-flasher – 150 feet north of test location 

• Other location (non-Rice Street) with flasher.   

The following table (Table 5) is the survey response. 

Table 5  Survey Response Summary  
Approximate Ped Traffic 

Location 
Handed Out Initial 

Refusal 

Refusal 
Rate* 

Completed 
Interviews 

Completion 
Rate** 

Non-Rice Street 10 2 17% 4 40% 
Rice Street Non-
Flasher 

73 15 17% 35 50% 

Rice Street with Flasher 246 20 8% 127 52% 
* Number of refusals / (refusals + handed out) 
** Number completed / number handed out 

 

Results 

 

What do the flashing lights mean? 

 

As shown in the following graph (Figure 19), most respondents believe that the flashing 
lights are ‘to alert drivers to stop because pedestrians are present.’  A significant minority 
(18%), however, believes the lights are to ‘require drivers to stop when the lights are 
flashing.’  There are no significant differences in interpretation between sites or by 
demographics. 
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Figure 19 Flasher Perception 
 

Feelings of Safety 

 

In general, pedestrians feel somewhat safe when crossing the street.  The pedestrian-
activated warning flasher does not inspire greater feelings of safety among this population.   

Overall, respondents feel somewhat safe (mean of 2.6 on a 4-point scale).   

There are no differences between feelings of safety at the Rice Street flasher site 
compared with the non-flasher location (2.6 each). 

Overall, looking at all respondents, women feel less safe than men (2.4 vs. 2.8).  This is 
also true at the Rice Street flasher site.  (Sub-sample sizes are too small to detect 
significant differences at the non-flasher site.) 

 

There is some indication that Mn/DOT employees feel less safe than those not employed 
by the Department. 

This is true at the non-flasher location (mean of 2.4 for Mn/DOT employees vs. 3.2 for 
non-Mn/DOT employees). 

As the sample size of non-Mn/DOT employees at the Rice Street flasher location is fairly 
small, it is not possible to determine whether this difference also exists for this location.  
Again, it is unclear whether the feelings of Mn/DOT employees are representative of the 
population as a whole. 

 

Most people feel they have enough time to cross—this is true of both the flasher and non-
flasher locations, and regardless of age, gender or employment status (Mn/DOT vs. non-
Mn/DOT).   

 



 22

If vehicles are present and don’t stop, however, people are much less likely to feel they 
have enough time to cross than if there are no vehicles present or if they stop.  (All other 
differences shown are not statistically significant.)  This is shown in the following graph 
(Figure 20): 

 
Figure 20 Crossing Time Perception 

 

The presence of vehicles that did not stop also had a significant impact on feelings of 
safety, regardless of location (flasher vs. non-flasher).  In addition, females feel less safe 
than males.  Other differences are not statistically significant. This is shown in the following 
graph (Figure 21): 
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Figure 21 Safety Perception 

 
Crosswalk Usage 

 

Although it was not a stated objective of this research, additional information regarding the 
usage of the warning flasher and crosswalks in general was obtained. 

 

For the non-Rice Street warning flasher location, interviewers intercepted respondents at 
both the Blaine Sports Center and the Cleveland Avenue location.  Preliminary 
investigation of the sites suggested that these would have the best chance of having 
sufficient pedestrian traffic during the interviewing period.  Neither of the sites, however, 
has a sizable number of pedestrians using the crosswalk.  In Blaine, the crosswalk seems 
to be intended to connect the sports center area with local shopping, but there is no 
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sidewalk or pathway leading from the end of the crosswalk to the shopping area.  This 
seemed to discourage pedestrians.  Even though interviewers were present during an 
adult soccer tournament, the crosswalk received very little use (8 people).  At the 
Cleveland Avenue site, only 4 people used the crosswalk.  Several people bypassed the 
crosswalk and simply walked from on-street parking, across the street to the adjacent 
park. 

 

Perhaps due to the heavy traffic on Rice Street, crosswalk use was more prevalent; 
however, there were those pedestrians at this location who also chose to cross at a 
location other than a crosswalk.  (Quantification of differences by location was outside the 
scope of this study.) 

 

Warning Flasher Usage 

 

Use of the warning flasher was split—just under half of the respondents who had the 
opportunity to use the pedestrian-activated flasher did so.  By far the largest reason for not 
using the flasher was ‘didn’t need to.’  A small group (all from the Rice Street flasher 
location) indicated they ‘didn’t know what to do.’  These findings are shown in the following 
graph (Figure 22): 

 

 

Figure 22 Flasher Usage 
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Demographics 

 

The following details the demographics of the survey respondents (Table 6): 

Table 6  Survey Demographics  
Location  
Rice Street  
with Flasher 

Rice Street  
Non-Flasher 

Other Flasher* 

Base 126 35 4 
Frequency of Crosswalk Use 
At least once a month 100% 91% 0% 
Less than once a month 0% 0% 25% 
First time 0% 9% 75% 
Gender 
Female 47% 40% 75% 
Male 53% 60% 25% 
Age** 
21-34 16% 17% 25% 
35-49 46% 40% 50% 
50-69** 38% 43% 25% 
Employment 
Mn/DOT employee 96% 69% 0% 
Employed elsewhere 4% 28% 75% 
Not employed*** 0% 3% 25% 
* Caution:  small base size 
** Respondents were asked to write in their age.  These have been collapsed for ease of analysis.  The oldest respondent was 69. 
*** Include ‘retired’ and ‘student.’ 
 

 

Observations and Results 

 

Safety Impacts  

 

At the section there are 44 crashes reported from the year 1994 through the year 2004.  
Among those there are 7 pedestrian crossing related crashes on record.  During the 
evaluation, one crash took place on May 24, 2005 near the pedestrian crossing. 

Among the 44 crashes reported, 7 pedestrian crossing related crashes occurred between 
1996 and 2004.  Approximately there was one accident per year for the recent years.  The 
crash that happened on May 24, 2005 could be within the norm of recent crash 
experience. 
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System Reliability    

 

There was no malfunction during the test.  The average temperature and sunlight hours 
for the months during the evaluation were recorded and observed (Table 7). 

 

Table 7  Sunshine and Temperature Observation  
 

Month Hours of Sunlight per 
Month 

Average High 
( °F ) 

Average 
Low 
( °F ) 

December 2004 75 27 12 
January 2005 102 23 6 

February 2005 112 30 13 
March 2005 163 42 24 

April 2005 141 58 36 
May 2005 100 71 48 

June 2005 174 79 58 
 
Ease of Installation: 

 

The installations were performed by a city of St. Paul crew of two people.  There was 
minimal impacts on traffic during the installation.   

 

System maintenance Log 

 

The system required minimal maintenance during the evaluation.  There is no major 
maintenance recorded.  The following table shows the system configuration changes 
(Table 8): 
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Table 8  System Change Logs  
Date Configuration Changes Note 

December 2, 2004 Ped Crossing Sign updated  

December 3, 2004 Flashing time adjustment, no delays 
for all 

Timing adjustment 

December 7, 2004 Ping-Pong side flasher change 90 
degree, one towards ped crossing, 
one towards oncoming traffic 

Flasher change 

December 10, 
2004 

Observed all three ped pushbutton 
signs installed.  They are 
Manufacture's supplied signs 

 

December 28, 
2004 

All Ped flashers changed towards 
vehicular traffic. Make up cut out 
visors for ped crossing, change visors 

Flasher change 

 

Cost / Saving 

 

The construction and installation costs are (Table 9): 

 

Table 9  Construction/Installation Cost  
Cost Material Labor Construction/Installation Equipment Total 
Rice Street Ped 
Activated Solar 
Warning Flasher  

$1,705.48 $2,765.23 $207.25 $4,677.96 

 
 

Conclusions: 

  
Pedestrian / Driver behavior   

 

Push button usage   

Based on observation data, push button usage reduced after 3 months of the flasher 
installation compared to usage immediately after the flasher installation.  The transition 
phase usage is higher than after phase usage (Figure 23).  The same trend of user 
reaction can be observed for many new traffic control devices at a location.  Pedestrian 
usage of the new device (usage) is more when it is new, and the usage of the device 
settled in at a lower level after time.   
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Figure 23 Push Button Usage Trend 

 

Vehicular Braking action 

 

Based on the observation data, flasher does have short-term impacts on vehicular stop 
actions. The brake and stop percentages are much higher when the flasher is ON than 
when it is OFF.  The floating vehicle method also recorded higher brake percentage and 
stop percentage after flasher installed.  All indicate that the flasher does have impacts on 
driver’s reaction at the crosswalk.  

 

Vehicular Speed Change 

 

There is no significant speed change before and after the flasher installation.   

 

Survey Conclusions 

The survey findings suggest that the flashers do not create unwarranted feelings of safety, 
and can be recommended for use if the technical data also support this recommendation. 

 

• Most pedestrians believe the flashers are designed to alert drivers to pedestrian 
presence.  Only a minority believe that the flashers require drivers to stop (18%), 
this is important in terms of pedestrian safety. 

 

• Regardless of crossing type, pedestrians generally have moderate feelings of 
safety and believe they have enough time to cross the intersection.  The main 
factor that influences these feelings of safety is whether cars are present and do 



 29

not stop (in which case people feel less safe and are more likely to believe they 
don’t have enough time to cross).   

 

• About half of the pedestrians at the flasher locations push the button.  For the 
most part, those who don’t push the button believe there is no need or someone 
else has.  A small fraction (6%) ‘didn’t know what to do.’   

 

• With the exception of the Rice Street location, the pedestrian-operated warning 
flashers do not seem to be located in areas of heavy pedestrian traffic.  Because 
of this, it is difficult to determine whether the results from the Rice Street location 
are projectable to other locations (with less use by Mn/DOT employees).  There is 
some evidence that Mn/DOT employees feel somewhat less safe than non-
Mn/DOT employees. 

 

Because of the number of Mn/DOT employees represented in this research, it is 
recommended that, if one of these flashers is installed in a location similar to the Rice 
Street location (high pedestrian traffic), additional research be conducted to confirm these 
results with a more general population.   

 

Safety Impacts 

 

Due to the small number of crashes, there is no conclusion on the safety impacts of the 
flasher based on this project.  

 

Safety impacts can be interpreted using speed and vehicle stop rate as a measure.  
However repeated results and a more extended study would be needed to make any 
conclusion on using these performance criteria.  

 

System Reliability    

 

The system is easy to install and has minimal impacts on traffic. There was no major 
maintenance issue during the evaluation.  The system was reliable in the Minnesota 
weather conditions during the evaluation. 
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Equipment benefits: 

 

Compared to non solar flasher system, the benefits of the solar pedestrian activated 
flasher were observed but not limited to the following: the cost savings on construction, the 
reduction of traffic impacts during the construction, the saving of energy, and the ease of 
installation.  Solar powered beacons could be considered in locations where AC power is 
not available for the application. 

Recommendations: 

 

Based on the observation, pedestrian safety education is highly recommended.  The 
pedestrian education could include: pedestrian crossing control device education and 
pedestrian safe crossing education. 

 

The flasher may be better utilized if there was a confirmation light to communicate with the 
pedestrian when the push button has activated the flashers. 

 

The flashing timing could be shortened than 30 seconds used for this project. 

 

Additional signage could be help to clarify how the flashers are to be used. 


