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1. EXECUTIVE SUMMARY

Throughout Fall 2021, the graduate studio class in Virginia Tech’s Master’s of Urban and Regional Planning program undertook a project to
support the UNC Highway Safety Research Center and the National Park Service establish an accurate, reliable count program for shared-use
trails in the Washington, DC metro region.

The objectives for the project include:

1. Understanding whether current counters are functional and accurate along with the four trail systems analyzed (Anacostia River Trail,
Capital Crescent Trail, C&O Canal, and the Mount Vernon Trail);

2. Understanding the daily usage profile of each trail;
3. Delineating what discrepancies, if any, exist between manual counts and machine counts;
4. Reporting on some of the main challenges, if any, with the current counters;
5. Providing recommendations and best practices for improvement;
6. And, recommending where new counters should be located to capture an accurate analysis of counts

The class analyzed a total of 19 counters across all four trails, 11 of which are TRAFx counters and eight of which are Eco-Counters. The report
finds that all 11 of the TRAFx counters located along the C&O Canal and Capital Crescent Trail are functioning and the most recent confirmed
transmission of data was in September 2021; one of the counters, however, was unable to be located (Glen Echo). Only three of the eight
Eco-Counters along the Mount Vernon Trail and Anacostia River Trail are functional.

The Anacostia River Trail counters record the highest levels of use during the spring and summer months. The weekends were the busiest days
culminating with a peak around 10 am. The C&O Canal Trail counters recorded the most traffic on weekends as well, with a peak in the afternoon
hours, typically between 12 pm to 4 pm. Spring and Fall are the busiest seasons for the C&O Canal counters. The Capital Crescent Trail recorded
the most traffic on the weekend in the afternoon between 1-3 pm. Spring was the busiest season for all three of the counters. The Georgetown
VC counter seemed to record the most traffic on the weekdays out of all the other counters, which may be due to its location at the entrance to
the Georgetown shops/business and the beginning of the C&O Canal trail. There is no data available for the Mount Vernon Trail as none of the
counters were operational for the duration of the project, though we remain unclear as to why. After completing the data analysis on the
functioning counters we can make multiple comparisons and conclusions across annual data from the counters.  Most of the counters, as
expected, saw the highest number of counts in the Spring and Summer seasons, with some counters experiencing spikes in counts during the
Winter season, for example, the Marsden Tract Foot Bridge counter.  The C&O Canal Trail - Lock 10 counter experienced a fairly uniform
distribution of the total counts per month with a slight spike in the Fall season.  Almost every trail counter also had the highest counts on
weekends over weekdays, except for the Georgetown VC counter. As a result of most of these counters exhibiting the most activity on the
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weekends, we can categorize them as recreational counters.
Despite the limitations in the field test described in this report, the research revealed significant discrepancies in the manual count and machine
counts, most notably with TRAFx counters. Eco-Counters faced challenges with regular overcounts, in particular with bicycles, while TRAFx, in
general, undercounted. Eco-Counters also struggled to accurately record information when multiple people passed the counter simultaneously.
Our methodology, however, may not have been perfect. For the Eco-Counters, a validation method established by Eco-Visio was used by the
students based in the Arlington campus. TRAFx, on the other hand, required more preliminary development of methodology and validation
camera kit assembly in person, as well as remote manual count. Overall, we conclude that the Eco-Counters are preferable for a variety of
reasons, notably the lower long-term cost; specific user and traffic insight; understanding of directional flow; intuitive user interface; and,
versatile usage. However, the Eco-Counter application needed for verification is only available on Android devices, which is a limiting factor.

Other challenges include:
1. Reliability and functionality of counters.
2. The two different types of counters and their varying degrees of dependability and accessibility. While Eco-Counters can distinguish

between pedestrians and cyclists and establish direction, TRAFx counters cannot do either. Moreover, Eco-Counters require
Android-specific applications to access the data, and TRAFx counters require a dock and cable for download.

3. Placement of the counters. Many counters are placed at the trail access from the entrances and parking lots associated with the site,
rather than on the trail’s direct path. Therefore, the counters are only counting the number of users accessing the trail from each site,
and not the actual users along the trails.

The class obtained access to Streetlight Data (SL), which uses data from smartphone applications which track location and provide GPS services.
Data was shared by SL for research purposes only. Thus not all results can be shared in this report. In summary, SL can help to provide data and
fill in gaps for counters that were not functional or where manual counts could not be conducted, but should not be relied upon as a singular
source of data. SL data needs to be regularly validated, and also faces challenges around potential bias given the availability of cell phones and
cell phone service.

The report finds that there are no counters south of Old Town Alexandria, and recommends adding counters to this section of the Mount Vernon
Trail.

As a part of the project, the class created an interactive GIS web map that can be used by NPS for future counter maintenance and tracking,
which is a main recommendation for best practices and improvement with counters. In general, the lack of information available to new users
regarding Eco-Counters and TRAFx counters must be factored into a set of best practices. Setup/Installation, Validation, Maintenance and a table
of helpful resources and documents are necessary to maintain the counters in an accurate manner. A thorough framework and routine will assist
in the consistency of validations, maintenance, and functionality. Our main recommendation is to develop an internship program that can hand
off knowledge about the counters, as well as find a permanent place for this knowledge to be housed.
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In conclusion, some of the counters along the four trails analyzed are not fully maintained and may not provide a 100% accurate portrayal of
usage that occurs on a daily basis--likely undercounting usage. These trails are heavily trafficked primarily on weekends, and additional counters,
particularly on the southern part of the Mount Vernon Trail, will provide additional insight into who and how the trails are used. We highly
recommend more timely and frequent data collection and analysis, as well as repairs, for the counters, and the creation of an internship program
to provide consistent monitoring.
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2. OBJECTIVES

This report aims to assist the UNC Highway Safety Research Center and the National Park Service establish a count program for shared-use trails
in the Washington, DC area. Our research questions include:

1. Are current counters functional and do they work accurately on the four trails analyzed (Anacostia River Trail, Capital Crescent Trail, C&O
Canal, and Mount Vernon Trail)?

2. What is the annual, monthly, weekly, and daily usage profile of each trail?
3. What discrepancies, if any, exist between manual counts and machine counts?
4. What are some of the main challenges, if any, with the current counters?
5. Where should new counters be located to capture an accurate analysis of counts?
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3. INVENTORY OF COUNTERS

Objective: Verify current counter information and locations through the creation of a navigable, organized system that can facilitate counts and
future maintenance work.

In order to assess counter functionality, an updated counter inventory was created using information from the initial counter inventory
spreadsheet sent by NPS. The updated inventory displays the following information: location, name, pictures, and other characteristics of each
counter on an interactive ArcGIS map platform. Going forward, this information can be continually updated. In the map, once a counterpoint is
clicked on, an info sidebar will appear showing the characteristics and images of that counter. The counters can also be filtered based on whether
they were validated if they are working, and the model (TRAFx or Eco-Counter). Out of the 19 counters included in the inventory, 11 are TRAFx
infrared counters and 8 are Eco-Counter. All eight of the Eco-Counters are direction capable and can distinguish between cyclists and pedestrians,
while the TRAFx combines pedestrians and cyclists into one count and cannot identify direction.

Image 1: Screenshot of the interactive ArcGIS map application that serves as the platform for the updated counter inventory.
In ArcGIS Online, search NPS_Trail Counters for the original map and NPS_Trail Counters Inventory WepApp for the
interactive map application  (pictured above).
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The counter inventory contains the following characteristics for each counter:
● Counter Name
● Latitude, Longitude
● Model
● Operational Status
● Direction Capable (Yes or No)
● Bike/ Pedestrian Detection (Yes or No)
● Facility Trail Name
● Location Status

● Owner Agency
● Owner Name
● Validation Status (the counters that were validated by

Virginia Tech for this project will have the validation date
displayed)

● Notes
● Images

The maps below show the trail counter locations for each trail facility. All of the 11 TRAFx counters located in the C & O and Capital Crescent
facilities are functioning and the most recent confirmed transmission of data was September 2021. The eight counters on the main section of the
C & O Canal from Marsden Tract Foot Bridge to Chain Bridge Access are positioned at access points (on poles or bridges) that connect the parking
areas to the main towpath. Due to the placement of these counters, many of the pedestrians or cyclists that use the main C & O Canal towpath
are missed in the individual counts. Out of the eight Eco-Counters located on the Mount Vernon and Anacostia River Trail, only three are working.
The inventory contains more detailed notes about the operational status. Additionally, the Glen Echo Counter along the C&O canal was unable to
be located. The counter is transmitting data, but the location of the counter could not be found using the given coordinates.
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4. DATA ANALYSIS

Identifying cycle infrastructure usage patterns is integral in understanding cyclist behavior for each of the trails; Anacostia Riverwalk Trail, C&O

Canal Trail and the Mount Vernon Trail. We analyzed the counter data from 14 TRAFx and EcoCounters from September 1, 2020 - August 31, 2021

as this period of time was most recent and most counters had data for most of those months.  However, there are still gaps in the counter data

which were not cleaned from the charts below.  To identify trends in the data we created weekly total, seasonal total, and yearly total charts.  By

visualizing the charts we are able to classify the counters/ trails as either being predominantly commuter or recreational. Commuter trails are

characterized as having a dual (AM/PM) peak in line with standard commuting patterns.  Commuter counters/trails will generally have higher

weekday traffic than weekend and see higher traffic in the morning and evening than in the middle of the day.  Recreational counters/trails are

characterized by a single peak.  Recreational trails are noted for having higher weekend traffic than weekday traffic and see higher traffic volumes

during the middle of the day (Nordback et al., 2018; Eco-Counter, 2017) The single peaks and high weekend traffic volume of the 14 counters and

trails indicate that they follow the recreational use pattern.  Additional charts can be found in Appendix 2 of this document.
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4A. Anacostia River Trail

a. ART Counter Comparison

The Anacostia River Trail counters record the highest levels of use during the spring and summer months. The weekends were the busiest days
culminating with a peak at 10 am. The weekdays had a bimodal distribution with the two peaks during morning and afternoon rush hours: 8 am
and 5 pm, respectively. The Kenilworth counter recorded the most traffic followed closely by River Terrace, but the Deane Ave counter
experienced significantly less traffic. Much of this discrepancy was likely due to missing data on the Deane Ave counter as the counter didn’t have
data for the months of September, October, November, and December 2020. The Kenilworth counter was also missing data for September and
October 2020. Additionally, the 11th Street and Benning counters were not working and did not have any data to analyze.

VALIDATION AND ANALYSIS OF  BICYCLE AND PEDESTRIAN TRAIL COUNTERS IN NATIONAL CAPITAL AREA VIRGINIA TECH PLANNING STUDIO FALL 2021 | PAGE 13



b. Deane Avenue

The Deane Avenue counter experiences its highest level of
pedestrian and bicycle traffic on the weekends. The weekend data
shows a distribution with a single traffic peak of approximately
3,300 users around 10 am. The weekday data follows a distribution
with two peaks--a smaller peak of around 800 users from 7-8 am
with ridership falling then gradually increasing to a larger afternoon
peak of around 1,300 users from 4-6 pm. Tuesday is the weekday
with the most pedestrians and bicyclists. Overall, Spring and
Summer are the seasons with the most users. The month of July saw
the highest level of bicyclists and pedestrians with a little over
20,000 with June and May also experiencing high bike and
pedestrian traffic. February was the month with the least amount of
traffic and only had around 4,000 monthly users. There was an error
in the data for the Fall months of September, October, and
November, so the Fall data is not displayed.
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c. Kenilworth Park

The Kenilworth Park trail counter had the highest total counts during
the  Summer season of 2020.  August 2021 had the highest total
counts for the year range (Sept 1, 2020 - Aug, 31 2021).  Almost
30,000 people were counted in August.  February had the fewest
counts with approximately 7,000.  Based on the daily count's graph,
Kenilworth Park trail sees peak counts around 9 am-11 am.  The
highest counts for this counter occur on both Saturdays and
Sundays. Due to the highest counts for this counter occurring on the
weekends, this can be classified as a recreational counter.
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d. River Terrace

The River Terrace counter experiences the highest bicycle and
pedestrian traffic on weekends. The weekend trend shows a
distribution with one peak at 10 am of around 5,000 users on
Sundays and around 5,500 users on Saturdays. The weekday trend
displays a distribution with two peaks--a smaller morning peak from
7-8 am with a gradual rise to a larger afternoon peak with around
2,500 users. The number of users throughout the day on weekdays
stays pretty even between the days, but the number of users starts
to diverge when it comes to the afternoon peak. Tuesday is the
weekday with the most users, and Friday is the weekday with the
fewest. The weekday-weekend pattern remains constant throughout
the seasons as well. The River Terrace counter experiences the
greatest number of users in the Spring with May being the busiest
month. Summer is only slightly less busy than Spring and June and
July both record over 20,000 monthly users. Fall is less busy than

both Spring and Summer, but October is the 2nd most popular
month with around 21,000 monthly users.
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4B. C&O Canal Trail

a. C&O Canal Trail Counter Comparison

The C&O Canal Trail counters recorded the most traffic on weekends. Saturdays and Sundays had a unimodal distribution with a peak in the
afternoon hours, typically between 12pm to 4pm. The weekdays saw considerably less traffic and had a bimodal distribution with a smaller peak
in the morning at 8am and gradually increased to the larger afternoon peak at 5pm. Due to these traffic patterns, the C&O Canal Trail is mainly
used for recreation and leisure rather than commuting. Spring and Fall were the busiest seasons, and the counter located at Chainbridge
recorded the most traffic. Additionally, a number of counters were missing sections of data.
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b. Marsden Tract Foot Bridge

The Marsden Tract Foot Bridge trail counter experiences high
pedestrian and cyclist traffic on the weekend days. September 2020
had the highest total counts-- just over 9,000-- for the year (Sept. 1,
2020 - Aug. 31, 2021).  The peak days are Saturday and Sunday and
the peak season per the graph is Fall. On weekdays, the most
traveled time is around 5 pm. The month of July was omitted due to
a counter malfunction and the data is showcased as-is. There is a
large difference between weekday and weekend traffic. In this
distinction, it indicates that the counter is located in a higher
traveled area which possibly includes commuting to work during the
week and recreational activities on the weekend.
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c. Lock 10

The Lock 10 trail counter experienced the highest total counts
during the Fall of 2020. September 2020 had the highest total
counts for the year (Sept. 1, 2020- Aug. 31, 2021). Over 9,000
people were counted in September. February had the fewest counts
with approximately 3,900. Based on the daily count's graph, Lock 10
sees peak counts around 2-4 pm. The highest counts for this counter
occur on Saturdays and Sundays throughout each season. This
counter can be classified as a recreational counter because the peak
times are on weekend afternoons.  Lock 10 is also one of the most
northwest counters on this section of the C & O Canal and is located
just under 2 miles from Carderock Recreation Area which is a
popular picnic and parking spot for weekend pedestrians and
cyclists.
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d. Lock 8

The Lock 8 trail counter had the highest total counts during the Fall
Season of 2020. March 2021 had the highest total counts for the
year range (Sept 1, 2020 - Aug. 31, 2021). Almost 10,000 people
were counted in March. February had the fewest counts with
approximately 5,000. Based on the daily counts graph, Lock 8 sees
peak counts around 3 pm-4 pm. The highest counts for this counter
occur on both Saturdays and Sundays. Due to the highest counts for
this counter occurring on the weekends, this can be classified as a
recreational counter.

e. Glen Echo
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The Glen Echo trail counter had the highest total counts during the
Spring season.  The highest total counts occurred in March, April,
May.  March had the highest total counts for the year range (Sept. 1,
2020 - Aug. 31st, 2021).  12,000 people were counted in March.
January and February had the fewest counts with approximately
5,000.  Based on the daily counts graph, Glen Echo sees peak counts
around 3pm-4pm.  The highest counts for this counter occur on both
Saturdays and Sundays.  Because the highest counts occur on the
weekends, Glen Echo can be classified as a recreational counter.
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f. Lock 7

The Lock 7 trail counter had the highest total counts during the
Spring season of 2020.  The highest total counts occurred in March,
April, and May.  April had the highest total counts for the year range
(Sept. 1, 2020 - Aug. 31st, 2021).  Approximately, 5,500 people were
counted in April.  October had the fewest counts with approximately
700.  Based on the daily count's graph, Lock 7 sees peak counts
around 4-5pm on weekdays.  The highest counts for this counter
occur on both Saturdays and Sundays around 2-4 pm.  Due to the
highest counts occurring on the weekends we can classify this as a
recreational counter.

g. Lock 6
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The Lock 6 trail counter had the highest overall counts during the
Fall Season of 2020. September 2020 experienced the most
pedestrians and cyclists in the year; June is second-highest, but Fall
overall sees the highest usage. Nearly 10,000 people were counted
in September. Interestingly, April had the fewest counts with
approximately 1,600; the winter months were far higher despite
April usually being quite mild in the DC area. Lock 6 experiences
peak counts between 2-3 pm on weekends; 4-6 pm on weekdays.
The highest counts for this counter occur on Saturdays and Sundays
throughout the year. This counter can be classified as a recreational
counter because the peak times are on weekend afternoons.  Lock 6
is located near the Brookmont neighborhood of Bethesda and
features its own parking lot, which likely contributes to its easy
recreational access for pedestrians and cyclists, as well as a popular
spot for commuters to park and then bike into the city.
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h. Lock 5

The Lock 5 trail counter had the highest total counts during the Fall
months of September, October, and November 2020, with July a
close second. November 2020 had the highest total counts for the
year (Sept. 1, 2020- Aug. 31, 2021). Nearly 10,000 pedestrians and
cyclists were counted in November. March had the fewest counts
with nearly 0 counted; though this is perhaps based on a trail
counter error/malfunction. Based on the daily count's graph, Lock 5
experiences peak counts around 3-4pm on weekends; 5-6pm on
weekdays. The highest counts for Lock 5 occur on Saturdays and
Sundays year-round. This counter can be classified as a recreational
counter because the peak times are on weekend afternoons.
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i. Chain Bridge Access

The Chain Bridge Access trail counter had the highest total counts
during the Spring season of 2020.  May had the highest total counts
for the year range (Sept. 1, 2020 - Aug. 31st, 2021).  Almost 7,000
people were counted in May.  December had the fewest counts with
approximately 6,000.  Based on the daily counts graph, Chain Bridge
Access sees peak counts around 2-3pm.  The highest counts for this
counter occur on Saturdays and Sundays.  Because the highest
counts occur on the weekends, this is classified as a recreational
counter.
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4C. Capital Crescent Trail
a. CCT Counter Comparisons

The Capital Crescent Trail Section Counters recorded the most traffic on the weekend in the afternoon between 1-3pm. The Georgetown Mule
Bridge counter saw the most traffic overall between the three counters. Spring was the busiest season for all three of the counters. The
Georgetown VC counter seemed to record the most traffic on the weekdays out of all the other counters, which may be due to its location at the
entrance to the Georgetown shops/business and the beginning of the  C&O Canal trail. The Georgetown VC Counter is also the closest to the
center of Washington D.C., where many people in the area work. Additionally, the Capital crescent counter was missing a section of data during
the fall season.
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b. Capital Crescent

The Capital Crescent Trail counter had the highest counts during the
Spring season. April had the highest monthly total with 29,000
counts for the year range (Sept 1., 2020 - Aug. 31st, 2021). July had
the lowest count at 12,000. The data for fall months of September,
October, and November were not recorded. The Capital Crescent
Trail counter had its highest counts for the week at 10am on
Saturdays. Saturdays and Sundays both had significantly higher
counts than the weekdays. Since the highest counts occurred on the
weekends, we can classify this counter classified as a recreational
counter.

c. Georgetown MM-1 (Mule Bridge)
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The Mule Bridge trail counter had the highest overall traffic counts
during the Spring season. The month of May had the highest
monthly total with 70,000 users, while December had the lowest
monthly count with around 36,000 users. The weekends also saw
the highest daily counts with a one-peak trend that peaked at
around 3pm. The weekdays followed a two-peak trend with a
smaller peak of around 3,500 counts at 8am which grew to a larger
peak of around 8,000 counts at 5pm. Monday and Wednesday were
the weekdays with the highest daily counts while Thursday was the
weekday with the lowest daily count.

d. Georgetown Level 3 Access (VC)
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The Georgetown Level 3 Access (VC) trail counter had the highest
counts during the Spring season.  The highest total counts occurred
in March at z16,000 counts for the year range (Sept 1., 2020 - Aug.
31st, 2021).  September and October had the fewest counts at
approximately 700.  Based on the daily count graph, Georgetown
Level 3 Access (VC) sees peak counts around 2-3pm.  The highest
counts for this counter occur on both Saturdays and Sundays.
Because the highest counts occur on the weekends we can classify
this counter classified as a recreational counter.

4D. Mount Vernon Trail
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There is no data available for the Mount Vernon Trail south of National Airport as none of the counters were operational for the duration of the
project. We are unsure as to why the counters were not working. The trail does not have any counters south of Old Town Alexandria. We
recommend adding additional counters along this section of the Mount Vernon Trail.

4E. Overall Trail Comparisons
Note: Due to the limitations of TRAFx counters only recording counts in hourly bins, the Eco-Counter counts were aggregated to
match TRAFx and allow consistency for comparisons.

After completing the data analysis on the functioning counters we can make some comparisons and conclusions across the counters.  Most of the
counters, as expected, saw the highest number of counts in the Spring and Summer seasons, with some counters experiencing spikes in counts
during the Winter season, for example the Marsden Tract Foot Bridge counter.  The C&O Canal Trail - Lock 10 counter experienced a fairly uniform
distribution of the total counts per month with a slight spike in the Fall season.  Almost every trail counter also had the highest counts on
weekends over weekdays.  As a result of most of these counters exhibiting the most activity on the weekends, we can categorize them as
recreational counters.  Categorizing these as recreational counters assumes that people are utilizing the trails for personal recreation and not as a

form of commuting.  A majority of the counters also saw peak activity between 2pm-6pm, depending on the specific counter.

Table 1. Anacostia River Trail Counter Profile Table

Counter Name Profile (Classification) Peak Month

Deane Avenue Recreational Counter, weekend peaks (10am) July

Kenilworth Park Recreational Counter, weekend peaks
(9-11am)

August

River Terrace Recreational Counter, weekend peaks
(10 am)

May

Table 2. C&O Canal Trail Counter Profile Table
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Counter Name Profile (Classification) Peak Month

Marsden Tract Foot Bridge Recreational Counter, weekend peaks September

Lock 10 Recreational Counter, weekend peaks (2-4pm) September

Lock 8 Recreational Counter, weekend peaks (3-4pm) March

Glen Echo Recreational Counter, weekend peaks (3-4pm) March

Lock 7 Recreational Counter, weekend peaks (2-4pm) April

Lock 6 Recreational Counter, weekend peaks (2-3pm) September

Lock 5 Recreational Counter, weekend peaks (3-4pm) November

Chain Bridge Access Recreational counter, weekend peaks (2-3pm) May

Table 3. Capital Crescent Trail Counter Profile Table

Counter Name Profile (Classification) Peak Month

Capital Crescent Recreational Counter, weekend peaks (1-3pm) April

Georgetown MM-1 (Mule Bridge) Recreational Counter, weekend Peaks (3pm) May

Georgetown Level 3 Access (VC) Recreational Counter, weekend Peaks (2-3pm) May

5. VALIDATION COUNTS
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One of the main objectives of the project is to validate a subset of functioning counters and compare manual counts with the machine counts.
This section will be divided into 2 parts: Validation of Eco Counters and Validation of Trafx Counters. The counters that were discovered
non-operational or in disrepair during the data analysis phase of the project,  were not validated and therefore not included in this section. For
Eco-Counters, the following counters were validated: Arlington Deane, Kenilworth Park, and River Terrace. For TRAFx Counters, the following
counters were validated: Lock 5,  Lock 8, Georgetown Visitor Center.

5A.Validation of Eco-Counters
The manual validation count of the Eco-Counters was done by teams of two individuals. The two individuals would stand near the counter, and
record the number of passing persons, noting whether they were a pedestrian or bicyclist, and which direction they were heading. One individual
was tasked with manually counting and recording the findings, while the other individual was tasked with recording the counter's internal count
through Eco-link, the corresponding app which allows the user to see the counter’s internal count on their phone through a bluetooth
connection. Both individuals would note any unusual or outlying events, and the Eco-link counter would record separately. . After a 15 minute
time period has passed (i.e. 4:00-4:15), all new counts are moved to a separate line to match the 15 minute bins of the Eco-counters. When the
counting period is completed, which usually takes two hours, the Eco-link counts are compared to the manual counts.

a. Challenges
Conducting a successful validation count did present some challenges. First is figuring out which is the “in'' direction and which is the “out”
direction. It was not labeled or listed on the counter nor on the Ecolink application, so the user has to determine this on his or her own. Another
challenge we faced was that the Eco-link application needed for the verification process is only available on Android devices, which are not as
common as Apple devices among the students in the class.

The environment also played a challenge in conducting validation counts. Validation counts are more informative if there is a sizable sample to
test the accuracy of the counters against. Thus, validation counts cannot be conducted in weather that deters people from either walking or
bicycling. This includes precipitation, extreme wind, stormy conditions, or either excessive heat or cold. Because these counts were conducted in
the fall, rainy days and cold weather dips did limit the number of days a count could be conducted. The counts were conducted during the
weekday afternoon peak hours of between 4pm and 7pm (timeslots identified based on the counter data presented in the section above).
Conducting the counts during this afternoon time frame became more difficult as the days became shorter and colder throughout the fall season.
Additionally, the surrounding environment around the Kenilworth Park counter featured shrubs and plants in contrast to the mowed grass
surrounding the River Terrace and Deane Avenue counter. This forced the counters to stand closer to the trail causing some bicyclists to move to
the center of the trail when passing the counter, where the “loop coverage” is at its lowest for counting.

The last challenge when conducting the eco-counter validation counts was potential miscounts due to human error. The individual recording the
Eco-link counts had to keep a close eye on the number of people passing the counter, the direction they were heading, their mode of travel, and

VALIDATION AND ANALYSIS OF  BICYCLE AND PEDESTRIAN TRAIL COUNTERS IN NATIONAL CAPITAL AREA VIRGINIA TECH PLANNING STUDIO FALL 2021 | PAGE 32



the Eco-link count. If/when multiple people passed the counter in quick succession, recording accurate information was more difficult, so the
information overload could have caused some human error.

b. Findings

Counter Name: River Terrace

Time Manual Count Eco-Link Count Difference (Eco Link - Manual)

Oct 5th, 2021 PED In PED Out BIKE In BIKE Out PED In PED Out BIKE In BIKE Out PED In PED Out BIKE In BIKE Out

4:30 0 2 1 0 0 2 0 2 0 0 -1 2

4:45 2 0 1 3 2 0 2 3 0 0 1 0

5:00 2 1 3 4 2 1 3 4 0 0 0 0

5:15 2 3 2 3 2 3 3 3 0 0 1 0

5:30 3 0 1 1 3 0 1 1 0 0 0 0

5:45 1 5 5 12 2 4 5 14 1 -1 0 2

6:00 2 3 1 2 0 3 3 2 -2 0 2 0

6:15 1 3 8 2 1 3 8 2 0 0 0 0

Counter Name: Deane Avenue

Time Manual Count Eco-Link Count Difference (Eco Link - Manual)

Oct. 13th, 2021 PED In PED Out BIKE In BIKE Out PED In PED Out BIKE In BIKE Out PED In PED Out BIKE In BIKE Out

5:00 4 2 7 4 4 2 6 4 0 0 -1 0

5:15 2 2 3 4 0 3 4 3 -2 1 1 -1

5:30 1 0 1 3 1 1 0 1 0 1 -1 -2

5:45 3 0 4 3 2 0 3 3 -1 0 -1 0

6:00 6 1 3 2 5 3 2 2 -1 2 -1 0

6:15 0 2 2 2 0 2 2 2 0 0 0 0

6:30 0 1 2 3 0 1 2 3 0 0 0 0

6:45 1 2 1 0 1 1 1 1 0 -1 0 1

7:00 0 1 0 1 0 1 0 1 0 0 0 0
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Counter Name: Kenilworth Park

Time Manual Count Eco-Link Count Difference (Eco Link - Manual)

Oct 15th, 2021 PED In PED Out BIKE In BIKE Out PED In PED Out BIKE In BIKE Out PED In PED Out BIKE In BIKE Out

4:30 2 0 8 7 1 0 8 4 -1 0 0 -3

4:45 0 0 9 2 2 0 6 2 2 0 -3 0

5:00 2 1 10 3 3 1 10 2 1 0 0 -1

5:15 0 0 6 7 1 0 7 7 1 0 1 0

After conducting the validation counts with the eco-counter, we found that all three of the functioning eco-counters along the Anacostia River
Trail are fairly accurate at counting trail users, determining whether they were a pedestrian or a bicyclist, and assessing their direction of travel.
However, all three eco-counters made small but consistent errors which affected the accuracy of their count. While the discrepancies between
the manual count and the eco-link count were never greater than a miscount of three in one category over a 15 minute period, a majority of the
15 minute counting periods across all three counters had a discrepancy between the manual count and the eco-link count.

A large portion of the inaccuracies can be attributed to eco-counters occasionally double counting bicyclists; a singular bicyclist would pass the
counter and be recorded as two bicyclists. All of the eco-counters experienced this problem. There also didn’t seem to be a pattern or any
identifying factors for when a bicyclist would be double counted: the bicyclists being double counted all varied in their speed, direction, type of
bike, and a number of riding companions.

Another common source for the count inaccuracies was when multiple people passed by the counter at the same time. This would usually result
in an undercount as well as occasionally occur in a mislabeling of the travel direction. The counters would still accurately identify the travel mode
if two or more of the same travel mode passed the counter simultaneously. However, the counter usually counted the bicyclist if a bicyclist and
pedestrian both passed the counter simultaneously.

Finally, another possible source for the count inaccuracies can be due to human error either on the part of the individual doing the manual count
or the individual recording the Eco-link count. There were no recording devices during the Eco-counter validation counts, so if an individual
missed or misclassified a pedestrian or bicyclist, then the record would be permanently altered.
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These scatter plot graphs show the percent difference/percent error in the reported hourly pedestrian volumes from both the eco-link machine counts as well as the manual
counts in comparison with one another. When the dots fall on the 0% difference line, there is no error reported between the machine counts and the manual counts. When the dots fell
in a negative percent difference, there were fewer manual counts reported than machine counts. Conversely, when the dots fell in a positive percent difference, there were fewer
machine counts reported than manual counts. Additionally, for the eco-link graphs, the red dots represent reported eco-link total counts whereas the blue represents total manual
counts. The vertical access shows the number of individuals per hour that are recorded as passing by the counting machines and by individuals manually counting.
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5B. Validation of Trafx Counters

a. Methodology
The manual validation count of the Trafx-Counters was more difficult than that of the Eco-Counters. Because Trafx counts are organized in
one-hour bins and Trafx does not feature a similar cloud-based tool or Bluetooth compatibility, there were extra steps that had to be
implemented. The methodology outlined below was developed through conversations with professionals and was inspired by the methodology
that Trafx uses for the maintenance of their own counters. In summary, the methodology consists of four parts: set-up of the validation camera
on-site, manual counts from GoPro recordings, download of Trafx data, and comparison of Trafx counts with the manual counts. While this
method required increased coordination efforts, one of the benefits is that manual counts recorded by video can be tallied by individuals off-site.
In our case, the Arlington students set up the cameras on-site and the Blacksburg students watched the footage and recorded the manual counts
remotely.
The details of the methodology are as follows:

■ Manual count of Trafx counters will utilize video recordings in two to three-hour increments to fulfill eight-hour tests.
■ Materials: GoPro camera, 512GB microSD card, extra GoPro batteries, disconnect box, steel cable ties (or screws), weatherproof

combination lock
■ Steps:

1. Set up the validation camera on-site
a. Select a mounting location such that the camera projection captures the TRAFx box, as well as the people passing by.
b. With a full battery, start recording with the GoPro a few minutes before the top of the hour. To maximize battery and

memory limitations, it is recommended to change the settings to 720res/30fps, wide-angle, and turn off voice command.
c. It is recommended to flash the time in front of the camera using a watch or a phone to have a point of reference of when the

recording was started.
d. Starting at the top of the hour, walk back and forth in front of the Trafx counter to simulate 50 events. Later, this will help in

cross-checking the time when the data is downloaded from the Trafx counter.
e. Leave the GoPro recording until the battery runs out. The recording should yield 2-3 hours of footage.
f. Replace the battery, check if the SD card is full, and repeat steps 1b-1e.  If the memory of the SD card is full, download and

remove the files from the SD card into a computer and repeat steps 1b-1e. Repeat until at least eight hours of footage is
recorded.

2. Manual counts from the GoPro recordings
a. When at least 8 hours of footage is recorded, download all of the files from the SD card and upload to the Virginia Tech

Google drive. The GoPro recordings will be in shorter increments of time, rather than a full 2-3 hour recording.
i. Organize the multiple files into multiple folders and subfolders. Use the following folder and naming convention:

CounterNAME > RecordingDATE >  RecordingTIME >GoProFileName
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b. Start watching the footage in order based on the Go Profile name. Start with the first recording in the folder and identify the
time based on the time flashed in the video from step 1c.

c. Record manual counts per hour using the manual count form. This form was developed to include pedestrian and bicycle
counts and is organized in one hour bins.

3. Download the data from the TRAFx counters.
a. Data retrieval from the TRAFx counters requires physical access to the counter lockbox, TRAFx dock, and connections, and a

person to physically download data directly from the counters after the recordings have been shot. TRAFx Manual TRAFx
Infrared Trail Counter Instructions were consulted for this step.

4. Compare the data from Step 2 and data from Step 3.

b. Challenges
One of the primary challenges in validating TRAFx counters is the lack of an agreed-upon validation
methodology similar to the Eco-Counters. It took some time to develop an improvised methodology
and gather all materials needed. In talking to the experts, 30 hours was the initial recommended
validation time for best practice. However, due to the timing of the semester and lack of manpower,
the class resorted to 8-hour test bins in parallel to the Eco-Counter validations (with 8 “15-minute”
counts for validation per counter). The solution was to use cameras in lockboxes to record the area
where the counters are located and then watch the footage remotely for the manual pedestrian and
bicycle counts.

After developing the methodology, other challenges persisted. The first time this method was tested, a
trail user had stuffed leaves on the box to cover up the camera within the first 15 minutes of recording.
To address this issue, the class added a sticker on the lockbox with the Virginia Tech logo and verbiage
that describes the device and contact information as an improvement to the method before it got
implemented to the other counters. Another challenge in the setup is finding an optimum placement
for the lockbox so that the camera’s field of view can capture the counter and the users that pass by it.
Out of the three TRAFx counters that were validated, Lock 5 had the most ineffective camera
placement because of the lack of nearby trees or posts for set up. The camera was unfortunately
placed on a lower post close to the counter and was therefore susceptible to visual obstruction, such
as trail users unknowingly resting their bikes on the post, dogs peeing on the post, and pedestrians unknowingly standing in front of the post. In
Georgetown VC, on the other hand, the camera placement allows the human observer to see the trail users without obstruction but during the
times when the sun is directly towards the camera at certain hours of the day, it can be hard to make out some of the people walking by at the
same time.
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There are also challenges related to the camera footage itself. Unfortunately, the cameras used for the study are only able to record less than two
hours at a time before a battery change is needed. In order to record an 8-hour validation, multiple on-site trips for battery changes had to be
carefully planned, each starting close to the top of the hour so that it can correspond with the TRAFx data hourly bins. In some cases, the
batteries would run out before the planned battery change, causing a loss of a few minutes towards the end of the hour and therefore making
the footage void. Other footage also became void if they were recorded after 5 pm or towards sunset because the image became too dark and
unwatchable.  As a result, the recordings are taken from multiple days, rather than one full 8-hour day. In addition, the recordings are
automatically saved in smaller time increments of 19-27 mins long, rather than one full 2-hour video. It is important for the human observers to
be diligent in watching the videos in the correct order and record the counts in the correct hour bin. This is an added coordination effort,
especially when there are multiple students working through a series of videos.

The timing for the recordings was also a persistent issue, especially because it was unclear whether the time in the TRAFx counter is synchronized
with Eastern Standard Time. We were only able to synchronize the device after receiving the dock and the rest of the TRAFx kit. At that point,
there were already multiple recordings conducted and ready to be watched and manually counted by human observers. In order to address this,
multiple pedestrian counts had to be stimulated by walking in front of the counter at least 50 times in order to manipulate the counter data. This
was intended to help identify the hour bin each total count belongs to when the data is downloaded from the TRAFx counter. The hour bin with
the unusually high count should ideally reflect the hour at which the events were simulated.

All of the challenges outlined above could also contribute to a human counting error. While the human observer has the opportunity to pause
and rewind the recordings to have a more accurate count, there are obstructions that are unavoidable.
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c. Findings

Counter Name: Georgetown Visitor Center Level 3 Access

DATE START TIME END TIME MANUAL COUNT
(PEDESTRIANS)

MANUAL
COUNT
(BIKES)

MANUAL
COUNT (TOTAL)

MACHINE
COUNT

DIFFERENCE

Sunday, November 14, 2021 10:00 AM 11:00 AM 68 2 70 34 36

Sunday, November 14, 2021 11:00 AM 12:00 PM 52 1 53 48 5

Wednesday, November 17, 2021 9:00 AM 10:00 AM 60 0 60 35 25

Wednesday, November 17, 2021 10:00 AM 11:00 AM 57 2 59 30 29

Wednesday, November 17, 2021 12:00 PM 1:00 PM 74 2 75 32 43

Wednesday, November 17, 2021 1:00 PM 2:00 PM 75 2 77 54 23

Wednesday, November 17, 2021 2:00 PM 3:00 PM 80 0 80 52 28

Wednesday, November 17, 2021 4:00 PM 5:00 PM 50 5 55 32 23

Saturday, November 20, 2021 9:00 AM 10:00 AM 124 1 125 31 94

Saturday, November 20, 2021 10:00 AM 11:00 PM 177 2 179 76 103
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Counter Name: Lock 8

DATE START TIME END TIME MANUAL COUNT
(PEDESTRIANS)

MANUAL
COUNT
(BIKES)

MANUAL
COUNT (TOTAL)

MACHINE
COUNT

DIFFERENCE

Saturday, November 20, 2021 1:00 PM 2:00 PM 77 4 81 82 -1

Saturday, November 20, 2021 2:00 PM 3:00 PM 20 7 27 54 -27

Saturday, November 20, 2021 3:00 PM 4:00 PM 32 5 37 30 7

Sunday, November 21, 2021 9:00AM 10:00PM 24 2 26 19 7

Sunday, November 21, 2021 10:00 AM 11:00 PM 31 8 39 36 3

Sunday, November 21, 2021 11:00 AM 12:00 PM 60 8 68 45 23

Friday, November 26, 2021 9:00 AM 10:00 AM 24 2 26 11 15

Friday, November 26, 2021 10:00 AM 11:00 AM 21 2 23 35 -12

Friday, November 26, 2021 11:00 AM 12:00 PM 41 0 41 27 14
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Counter Name: Lock 5

DATE START TIME END TIME MANUAL COUNT
(PEDESTRIANS)

MANUAL
COUNT
(BIKES)

MANUAL
COUNT (TOTAL)

MACHINE
COUNT

DIFFERENCE

Saturday, November 20, 2021 2:00 PM 3:00PM 79 9 88 52 36

Sunday, November 21, 2021 10:00 AM 11:00 AM 35 1 36 36 0

Friday, November 26, 2021 9:00 AM 10:00 AM 6 0 6 11 -5

Friday, November 26, 2021 10:00 AM 11:00 AM 35 2 37 35 2

After review of the summary of counts, it appears there is a common theme among Lock 5, Lock 8, and Georgetown. There are significant
discrepancies between the manual count data and the machine count data that have been reported. The largest discrepancies are seen
throughout Georgetown counts where there was an instance of the machine and manual data differing by over 100 individual counts during a
one-hour time block. Both manual counting and machine counting have limitations that prevent them from being completely accurate. The
methodology for manual counts required reviewing video footage, which presented visual barriers to counting. For example, placement of the
camera had an impact on the accuracy of the counts due to skewed angles and visual obstructions (i.e. people laying, standing, or leaving objects
like bicycles in view of the camera), preventing all activity from being reported. This issue was not unique to just one of the sites and counters,
but instead, each location reported similar visual limitations in the review of the video footage. Each location had its own inaccuracies, which
were caused by contributing factors, such as camera angle, and visual obstructions. These inaccuracies will be considered and noted for future
projects to improve the accuracy of the data.

The Lock 8 counter’s camera angle rendered it difficult to determine whether someone actually crossed the counter. It also became difficult to
view information through this camera, because someone touched the camera, and the angle changed from how it was initially positioned. It was
originally positioned to view the entire trail at a lower angle, but after someone moved it the angle was adjusted upwards to mid-body height.
This obstructed the counts. It was difficult to determine if someone actually crossed the counter when they stopped near or in front of the
camera because at times people would turn around and head towards the direction they came from, which could lead to double counts at times.
Additionally, within the videos, we saw that people tended to travel in pairs or larger groups which caused an obstructed count. It is more
difficult to determine the numbers of larger groups given the angle of the camera’s positioning.
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Lock 5 data was initially skewed because there were no trees or posts within the area upon which to mount the validation camera. This caused
the view of the camera footage to be skewed and at a lower angle. Fortunately, nobody moved or bumped into the camera as happened at Lock
8. Due to the lack of post options for the camera, this location was susceptible to visual obstruction. For example, people laying on the
ground, locking their bikes to the post, and dogs urinating on the post disrupted the counts. The counter, unfortunately, missed a number
of trail users because of the camera angle. We were not able to determine numbers as accurately as we hoped. Additionally, on November
20th, 2021, and November 21st, 2021, there was a possible cyclist event, running event, or triathlon. It was hard to determine exactly what
event was occurring on those days, but this obscured our count within Lock 5 because there was such an increase in traffic on the trail.
Additionally, people were loitering on the bridge and standing in front of the camera but not crossing the bridge. This caused the camera to
be blocked at times, and counts to be obstructed.

The final counter was located in Georgetown. This count had similar problems as Locks 5 and 8. This location is not a frequent travel path
during the weekdays, as compared to other locations. Instead, this location has high traffic on the weekend. An issue related to this camera
is that when the sun is shining directly towards the camera, at specific hours of the day, making it difficult to view the camera footage. A
lens filter would have assisted in decreasing the glare on the screen. Or perhaps adjusting the angle of the camera downwards, or even
moving the camera to a different location along the trail. The glare on the lens made it difficult to count the number of people passing by
on the trail, especially those who traveled in larger groups, or pairs.

There were some limitations to the TRAFx counter in general, specifically related to undercounts. The TRAFx counter has a common
problem of undercounting because the counter detects trail users that pass the line of sight within the sensor. This screening process can
cause undercounts when large groups or pairs pass by the counter because the counter only can see one pass through the sensor. This type
of count is called an occlusion. An occlusion count is a blocked count; there are various reasons that result in a blocked sensor, such as
large groups, or people standing in front of the sensor. In general, the counter undercounts data. But, in very rare cases there were
overcounts. The TRAFx overcounted users when they stopped or congregated in front of or right next to the counter. If this occurred, users
would have been counted multiple times.

Temperature also caused sources of error within counts on the TRAFx counter. The counter uses temperature as a means of gauging a
person approaching, but fluctuations in temperature may result in an undercount or an overcount. During very cold weather, highly
insulated apparel on walkers, runners, or cyclists prevent the counter from registering a difference between the background temperature
and the clothing surface temperature, which is used to distinguish counts. This causes another source of error, specifically related to
undercounts.
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The TRAFx counters had an absolute error percent of -36.7% .  The data collected within these three locations had discrepancies that were2

similar among the three. It is important to factor these discrepancies into future studies and to conduct additional validation counts to
improve the accuracy of the data.

d. TRAFx Validation Conclusion
In this research, we focused on 1-hour intervals of manual people counts. Out of the available TRAFx counters in the C&O Canal Trail, three
locations were validated: Georgetown VC, Lock 5, and Lock 8. While Lock 5 has only 4 hours, Georgetown VC and Lock 8 both have 8 hours
of non-consecutive footage over weekdays and weekends. The main factors used to determine the sample size of this research were
feasibility, timing, and resources available for performing the installation of the cameras and watching the recordings. Despite the
limitations in the field test, the research revealed significant discrepancies in the manual count and machine counts, most notably
undercounts with TRAFx counters. Besides the gaps in the validation methodology, the discrepancies can be attributed to factors such as
occlusion in which multiple individuals walking side by side or opposite directions at the same time are only registered by the sensor once
because it only detects one heat signature. The rare instances of overcounting can be attributed to users idling or congregating near the
device’s screenline, causing them to be counted multiple times. In recognizing that infrared counters such as TRAFx are still in constant
development by their manufacturers, proper calibration and maintenance practices can improve the accuracy of the counters already in
place.

The placement of the counters can also be improved to better serve its purpose. Currently, most of the C&O Canal Trail TRAFx counters are
placed at the trail access from the entrances and parking lots associated with the site, rather than on the trail’s direct path. Therefore, the
counters are only counting the number of users accessing the trail from each site, and not the actual users on the path. Closing the gap in
the methodologies and field test limitations will also produce a more comprehensive analysis to better understand the device’s
performance.

2 Percent error was calculated using Approximate Value – Exact Value|/Exact Value x 100. Total machine counts were plugged in for Approximate Value and total
manual counts were plugged in for Exact Value.
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5C. Validation of Streetlight Data (Remove for NPS)
In order to validate the Streetlight data, we selected TRAFx counters and Eco-Counters to validate: Deane Avenue along the Anacostia Riverwalk
Trail and Lock 5 along the C&O Canal Trail.

5C-1. Deane Avenue - Comparison of Streetlight Data with Eco Counter
Eco-Counters classify data by user type, cyclist or pedestrian.  Therefore we ran one analysis in the Streetlight (SL) platform, to capture the
cyclists using the Dean Avenue segment of the Anacostia Riverwalk Trail. Eco-Counters place data into 15-minute bins classified by day. In order
to most accurately match the data collected by the Eco-Counter we ran our SL analysis using “Daily” day types and “Hourly” dayparts.

Missing Data
The Deane Avenue counter was missing data in the date range of September 1, 2020, through January 31, 2021. Streetlight was missing data for
the hours between 10 pm and 5 am.  In order to make the data comparable between SL and the Eco-Counter we cleaned the data to include the
months from February 1, 2021, to August 31, 2021, and time from 6 am to 9 pm.  Within that frame, SL has recorded a total of 961 users whereas
Eco-Counter has recorded a total of 106,919.  Without cleaning the data the Eco-Counter has recorded 107,613 cyclists for the months from

3 The same methodology that was used in the eco-link graphs was used to create the Trafx graphs. Again, when the dots fall on the 0% difference line, there are no discrepancies from
manual versus machine counts. Additionally, the positive positive percent differences are representative of  fewer machine counts reported than manual counts, and negative percent
differences are representative of  fewer manual counts reported than machine counts. Additionally, for the trafx the vertical access represents the number of pedestrians passing the
counter each hour. In these graphs, the orange dots represent the Trafx machine counts and the blue dots represent the manual counts. Overall, Trafx had much higher percentage
differences in the reporting of manual versus machine counts when compared to the eco-link counters.
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February 1, 2021, to August 31, 2021. With such a large difference in counts between the SL data and EcoCounter data, we used percentage
distributions by hour to make the comparison (Total weekend and weekday cyclists as a percentage of total cyclists).

VALIDATION AND ANALYSIS OF  BICYCLE AND PEDESTRIAN TRAIL COUNTERS IN NATIONAL CAPITAL AREA VIRGINIA TECH PLANNING STUDIO FALL 2021 | PAGE 45



The analysis of the charts for Deane Avenue mirror that from section 4B-b; heavy recreational weekend use with heavy weekday use during
commuting hours. There was a greater correlation between SL data and the Eco Counter data during the weekends (r-value = .706) than there
was during the weekdays (r-value = .413).

5C-2. Lock 5 - Comparison of Streetlight data with Trafx counter
Of the two Locks which were evaluated, Lock 5 had available pedestrian and bike zones that could be individually selected on the SL platform.
The date range selected is from September 1, 2020, through August 31, 2021.  In order to best match the counter data which is presented to us in
hourly bins and by day we selected “Daily” day types and “Hourly” dayparts.  Unlike Eco-Counters, TRAFx counters do not differentiate between
cyclists and pedestrians. Therefore, we ran two analyses on the SL platform, one to capture pedestrians accessing the C&O Canal and the other to
capture the cyclists using the same zones. Before we compared the TRAFx and SL counter data the cyclist and pedestrian output data from
Streetlight were combined.

Missing Data
Lock 5 is missing data for several months beginning in March of 2021 through June 2021. Streetlight was missing data for the hours between 10
pm and 2 am. In order to make the data comparable between SL and the TRAFx counter, we cleaned the data to include data for the months of
September 1, 2020 - February 28, 2021, and July - August of 2021 and time from 3 am to 9 pm. Within that time frame, SL had recorded 1,211
users where the TRAFx counter had counted 54,957 pedestrians and cyclists. Without cleaning the data for the time the TRAFx counter had
counted 55,271 users. With such a large difference in counts between Streetlight and the TRAFx counters, we used percentage to make the
comparison (Total weekend and weekday cyclists as a percentage of total cyclists).
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The analysis of the charts for Deane Avenue mirror that from section 4B-f, reflecting a peak weekend count between 2-5 pm and peak weekday
count at 5 pm. Streetlight differs slightly from the TRAFx counter and for the weekend curve includes a peak around 11-12 on the weekend and a
peak around 8 am for the weekday chart. When analyzing the chart with the Streetlight data included there seems to be a commuting trend for
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weekday riders where none might have been evident before. There was a greater correlation between Streetlight and TRAFx data on the
weekend (r value=.700) than there was on during the weekdays (r-value = .491)

5D. Conclusions on Validation Counts
This research evaluated the performance of two types of infrared counters present in the National Capital Area: Eco-Counters and TRAFx
Counters. The Eco-Counter has a pyroelectric infrared sensor with a bi-directional and pedestrian vs. bicycles detection, while TRAFx has a
thermal infrared micro-sensor without the bi-directional and pedestrian vs. bicycles detection. Manual counts were conducted differently for
each of the counter types. For the Eco-Counters, a validation method established by Eco-Visio was used by the students based in the Arlington
campus. TRAFx, on the other hand, required more preliminary development of methodology and validation camera kit assembly in person, as
well as remote manual count. Three counters were validated for each counter type and the sample size for ground truth data are based on
feasibility, timing, and resources available. The study reveals that the machine counts of Eco-Counters are more accurate than TRAFx
counters when compared against manual counts.

Overall, the research revealed that Eco-Counters are more efficient than TRAFx counters for the following reasons:

Eco-Counters TRAFx Counters

● Higher up-front cost; Lower long-term cost (costs saved
include decrease maintenance, decrease labor, decrease
inaccuracies)

● More involved with installation process, less portable
● Offers versatile usage (trails and street traffic)
● Offers count bins (intervals) as short as 15-min and as long as

yearly
● Offers specific user and traffic insight: pedestrian vs. bicyclists,

directional flow
● Offers simultaneous side by side trail comparisons (can select

multiple trails at a time to compare)
● Intuitive and accessible user interface
● Easy to read and understand data given

● Lower up-front cost; Higher long-term costs (additional labor
for maintenance, data validation and analysis)

● Easy installation and portability
● Good for trail traffic (note: it can only be used for trail traffic)
● ONLY offers 1-hour bins
● ONLY offers total counts with no specifications for user or

direction flow
● Can only view one trail at a time (extra steps involved in

accessing trail data, charts), must download separately to see
comparisons

● Cumbersome, clunky interface
● Labor intensive
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6. PREDICTION MODEL AND BEST PLACEMENT FOR FUTURE COUNTER
Insights from the Census Bureau, Fairfax County Department of Planning and Transportation, and big data sources can be used to provide
additional context to available counter data, if any is present, and can highlight trends and possible gaps in the service and accessibility of the
NPS trails in the National Capital Region. In the following pages we used publicly available data to determine the best placement for future
counters. In addition, data obtained from Streetlight (SL) was used in lieu of a counter to estimate how many cyclists had used the trail in January
1, 2020 - December 31, 2020. We created an overview of trail users juxtaposed with median household income, racial and ethnic data collected
from the 2019 American Community Survey (5-yr), and identified the most frequented roadway/trail intersections as well as census block groups.

The Mount Vernon Trail from mile marker 0 to mile marker 8, a noted corridor of regional
significance (NPS, 2016), does not have any trail counters. The population of the Mt. Vernon
District (Mt. Vernon CDP) is 12,914 people (U.S. Census Bureau, 2019), smaller than other
districts directly served by the trail. However, regional tourism attractions include George
Washington’s Mt. Vernon Home and Huntley Meadows Park, approximately 17 miles to
downtown Washington D.C. and 9 miles to the Woodrow Wilson Bridge Trail, connecting
Alexandria to Prince George’s County and the National Harbor.

The strategic placement of counters along this portion of the trail would enable the NPS to
capture the number of cyclists and pedestrians frequenting this area. Counters placed at the
seven roadway and trail intersections (Alexandria Avenue, Tulane Drive, Waynewood Boulevard,
Collingwood Road, Stratford Lane, Wellington Road, and Ft. Hunt Road) would not only provide
the NPS with insight into its trail use, but also provide Fairfax County with information to
prioritize cycling infrastructure improvements and create safe and equitable access to the Mount
Vernon Trail. Using the Vision Statement and Goals outlined in the NPS Paved Trails Study,
several factors were identified to help prioritize the placement of counters considering access to
funding is competitive and might be constrained.
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6a-1. Median household income of the Mount Vernon District and for users along the Mount Vernon Trail in Fairfax County

The Mount Vernon District is located in the eastern part of Fairfax County. Fairfax County, Virginia, is considered an affluent county adjacent to
the nation’s capital. Data obtained from the American Community Survey (ACS) 2019 5 year estimate indicates that a majority of households in
the Mount Vernon District, specifically along the Mount Vernon Trail, from Mile Marker 0 to Mile Marker 8, earn a median household income in
the range of $120,000+ to $200,000+. Households who earn <$40,000 to $120,000 live further away from the Mount Vernon Trail.

A majority of the Mount Vernon District along the Mount Vernon Trail is zoned to accommodate 2-3 dwelling (Fairfax County, 2021) units per
acre. Commercial Activity is zoned around Route 1, which bisects the district from North to South. There is greater household density near the
North of the district and along Route 1.
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6a-2. Predominant Race/ Ethnic Group per Census Block Group in the Mount Vernon District

Data from the American Decennial Census (2020) indicates that the predominant racial group living in the Mt. Vernon District and those residents
living along the Mount Vernon Trail are white (56%). Hispanic/ Latino and Black/ African American residents make up a significant percentage
(24%) of minority groups living in the area. However, they tend to live further away from the trail, along the Route 1 (Richmond Highway)

commercial corridor in and in denser developments, i.e., apartment buildings and
row/townhomes (Fairfax County, 2021).
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6a-3. Racial/ Ethnic Demographics and Bicycle Level of Service

A Bicycle Level of Service map (BLOS) is an effective tool in understanding the
perceived safety of a bicycle network within a jurisdiction. Indicators, i.e., the
volume of directional traffic in a 15 minute time period, the total number of
directional through-lanes, effective speed limit, percentage of heavy vehicles,
condition of the roadways, and the average width of the outside through-lane are
calculated (Michael Baker International, 2015) to provide a grade from “Use
Caution” to “Most Comfortable.” The BLOS map indicates that the roadways and
intersections directly linking to the Mount Vernon Trail are classified as “Most
Comfortable.” Many of these most comfortable routes are in areas that are classified
as predominantly white. Many of the roads passing through residential areas have a
low-speed limit and are well maintained; however, designated bicycle infrastructure,
sharrows, and bike lanes are missing in the district.

Census Block Groups classified as predominantly Black or Hispanic / Latino do not
have access to the same density of routes classified as “Most Comfortable” and lack
a “Most Comfortable” level of direct access route to the Mount Vernon Trail. Those
intersections which serve a more direct route to these census block groups are
Tulane Drive (Red), Morningside Lane (Brown), and Collingwood Road (Purple).
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Prediction Model Conclusion:
When determining where to place a counter along this segment of the Mount Vernon Trail, we considered the existing surrounding infrastructure
conditions, race, and economic demographics. We found that access to the trail was provided mainly for those living adjacent to the trail who
were white and had some of the highest incomes in the Mount Vernon District. Similarly, the Bicycle Level of Service maps indicate that those
living along the trail generally have safe bicycle access. In contrast, those living further from the trail have a decreased level of safe bicycle access.
Taking this into consideration and expanding access to a greater diversity of users, the NPS and the County of Fairfax should consider placing
traffic counters in three locations, at the intersection of Tulane Drive, Alexandria Avenue, and Collingwood Road. Counter data in these
locations would enable the NPS to quantify the number of users accessing the trail at these three locations and allow Fairfax County to direct and
prioritize future spending on infrastructure projects, improving access for those users who currently have limited access to the trail.
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6b. Streetlight data (For Streetlight-remove for NPS)

In addition to the data used by the American Community Survey and the Decennial Census (2020), Streetlight (SL) data added additional insights
for consideration by the National Park Service and its neighboring jurisdictions in deciding where to place trail counters or host manual counts.
The information gathered and presented in the following pages was collected throughout 2020 (January 1, 2020 - December 31, 2020).

6b-1. Mount Vernon Trail from mile marker 0 to mile marker 8
This portion of the Mount Vernon Trail is absent any permanent counter and therefore counter data. Using SL data analytics, we captured an
estimate of the number of cyclists using the trail during the 2020 year starting January 31 and ending December 31. During this period, SL has
counted 74,590 users. The trail receives the most usage during the weekend, with a total of 18,087 cyclists on Sunday and 21,045 cyclists on
Saturday. On weekdays the trail experiences lower cyclist volume. There are many weekday peaks, with the most significant one happening
around 5-8 pm. Because of the high weekend counts, we can classify this trail as a recreational use trail.
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6b-2. Economic and Racial Demographics of Trail users determined by Streetlight Data. (For Streetlight-Remove for NPS)
When running an analysis of the Mount Vernon Trail as a zone for the year beginning January 1, 2020 and ending December 31, 2020, SL gives
the user the opportunity to select data on traveler attributes which will classify cyclists into income, education, and race brackets. The data, in
the format of a spreadsheet, will indicate the probability of income, education level, race, etc. The tables below present the “Most Likely”4

scenario for income group and race categories and do not represent a wholly accurate depiction.

In comparison to the ACS and Census data (fig. 6, 7), the income of the cyclists represented in the SL data capture an almost even distribution of
income amongst cyclists.

The majority of residents living in the Mount Vernon District are White (56%). However, Hispanic / Latino, Black / African American, and members
identifying with two or more races make up a considerable portion of the population (34%). The “most likely” race of cyclists using the Mount
Vernon Trail reflects the predominant race of the census block groups directly adjacent to and surrounding the Mount Vernon Trail, 61% white. In
contrast, Hispanic / Latino, Black / African American groups could be considered underrepresented.

Data regarding user demographics is presented as a probability. Below are two examples of demographic data for one user. The first chart depicts
the probability of income across 9 bins. In our processing, we selected the bin with the most significant probability as representative of the “most
likely” income. The data can then be aggregated to present the most likely income of all captured cyclists.

4 Data regarding user demographics is presented as a probability. In our processing we selected the bin with the greatest probability as representative of the “most likely” income of the user.
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We used the same process to identify the “most likely” race of the user.  The chart below classifies the probability of race in 8 bins. By identifying
the greatest probability we can identify the “most likely” race of this cyclist to be white. The data can then be aggregated to present the most
likely race of all captured cyclists.

6b-3. Trail use data, most frequented routes and

destinations (for Streetlight-Remove for

NPS)
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There are seven (7) intersections of the Mount Vernon Trail connecting it to the surrounding neighborhoods.  Without any functioning bike or
pedestrian counters, the only way to classify the extent to which the seven entry and exit points are used is to count the number of cyclists at
each intersection manually. Similarly, SL can be used to estimate the number of riders entering and exiting the Mount Vernon Trail by using
pass-through filters. When using this analysis method, the data indicates the most frequented intersections are Tulane Drive, Fort Hunt Road, and
Alexandria Avenue. In turn, this can be used to inform the placement of future counters to corroborate big data findings.
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6b. Prediction Model Conclusion: (for Streetlight-remove for NPS)
When determining where to place a counter along this segment of the Mount Vernon
Trail, we considered the data from section 6a with the data provided from Streetlight
which provided answers to the following questions: who is using this segment of the
Mount Vernon Trail; who has access to the trail; which of the 7 intersections is most
traveled; where are people generally going; and, who would benefit most from
improved access. To answer these questions we used the pass-through filters tool to
analyze the trip data for each of the intersections, the origin destination tool to
understand where people were going and where people were originating. When
conducting these analyses we used the traveler attributes function which enabled us to
build a profile for some of the typical users. The census data indicates in figures 6 and 8
that the predominant race of those living around the trail are white and affluent,
earning an income of $160,000-$200,000+. The data from the SL analysis of the Mount
Vernon Trail indicates that a majority of cyclists traveling the trail are white but their
incomes are more evenly distributed and not highly concentrated in one income
category.  When analyzing which route cyclists are using the most to access the trail we
found that Tulane Drive was most frequented, followed by Fort Hunt Road and
Alexandria Avenue. The data from the SL analysis indicates that the greatest drop in
riders along the trail happens at or near the intersection of Tulane Drive.

When taking the above into consideration we are able to narrow down our previous
recommendation to three locations: Tulane Drive, Alexandria Avenue, and Collingwood
Road. We recommend that a counter be placed at the intersection of Tulane Drive and
the trail. In doing so, the NPS would be able to capture a significant portion of trail users
entering or exiting at this location and use that data to improve the safety of the
intersection. Fairfax County could also use the counter data to prioritize infrastructure
investments to the immediate area around Tulane Drive and those routes from the BLOS
map (fig. 9) which are classified as “Use Caution,” “Less Comfortable,” and “Somewhat
Comfortable” and service the Tulane Drive intersection, expanding safe and equitable
access to the Mount Vernon Trail to a greater portion of the surrounding community.
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7. CONCLUSION
We updated the original inventory given to us by the National Park Service and created an interactive GIS web map that can be used by NPS for
future counter maintenance. We looked at 19 counters for this project across the C&O, Capital Crescent, Mount Vernon, and Anacostia River
Trails. It’s in the best interest of NPS to continue to keep this new inventory up to date, and utilizing other tools such as GIS will help with tracking
and maintaining the counters.

We conducted an analysis of the data collected from the four trails listed above and found the following results. The Anacostia River Trail
counters record the highest levels of use during the spring and summer months. The weekends were the busiest days culminating with a peak at
10am. The C&O Canal Trail counters recorded the most traffic on weekends. Saturdays and Sundays had a unimodal distribution with a peak in
the afternoon hours, typically between 12pm to 4pm. The Capital Crescent Trail Section Counters recorded the most traffic on the weekend in the
afternoon between 1-3pm. However, none of the counters on the Mount Vernon Trail were transmitting data.

Through Virginia Tech, the studio was able to obtain an educational license from Streetlight Data (SL). Data is derived from smartphone
applications, which track location, and GPS services. Data is presented on the SL platform in the form of maps and spreadsheets, all of which can
be downloaded as spreadsheets or GIS shapefiles. In areas where manual counts and automated counters are lacking (Mount Vernon Trail
mm0-mm8), SL can fill in the gaps and generate information to guide the placement of future automated counters. However, it should not be
relied upon as the only source of trail data.  SL metrics rely on accurate and regularly validated counter data to calibrate their own data.  In
addition, there is the potential for bias, availability/affordability of smartphones, and cell phone service coverage.

In this research, the sample size for ground truth data refers to the number of 1-hour intervals of manual people counts. Out of the available
TRAFx counters in the C&O Canal Trail, three locations were validated: Georgetown VC, Lock 5, and Lock 8. Despite the limitations in the field
test, the research revealed significant discrepancies in the manual count and machine counts, most notably undercounts with TRAFx counters.
Currently, most of the C&O Canal Trail TRAFx counters are placed at the trail access from the entrances and parking lots associated with the site,
rather than on the trail’s direct path. Therefore, the counters are only counting the number of users accessing the trail from each site, and not
the actual users on the path. Closing the gap in the methodologies and field test limitations will also produce a more comprehensive analysis to
better understand the device’s performance.
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APPENDICES
APPENDIX 1. BEST PRACTICES AND STANDARD OPERATING PROCEDURES FOR BICYCLE AND PEDESTRIAN TRAIL COUNTERS IN THE NATIONAL
CAPITAL AREA

APPENDIX 2. ADDITIONAL DATA GRAPHS FOR BICYCLE AND PEDESTRIAN TRAIL COUNTERS IN THE NATIONAL CAPITAL AREA

APPENDIX 3. ADDITIONAL INSIGHT ON COUNTERS IN BLACKSBURG, VA
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Appendix 1

BEST PRACTICES AND STANDARD OPERATING PROCEDURES FOR BICYCLE
AND PEDESTRIAN TRAIL COUNTERS IN THE NATIONAL CAPITAL AREA
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INTRODUCTION
This manual is a product of the Virginia Tech studio course in Fall 2021. The course was offered by the university’s Urban and Regional Planning

program and consisted of students from both the National Capital Region and Blacksburg campuses.

The trail counters used in the National Capital Area are predominantly Eco-Counters and TRAFx Counters. The counters are owned and managed

by different entities in the region, such as the National Park Service, District of Columbia and City of Alexandria. Because of the differing types of

counters and managing entities, there is no single document that details the status of the existing counters.

The purpose of this document is to provide a preliminary guide for the set-up, validation and maintenance of bicycle and pedestrian trail

counters in the National Capital Area. This document is meant to serve as a starting point for best practices and standard operating procedures,

and is intended to be regularly updated to include succeeding developments.

The processes, manuals and best practices mentioned in this document are some of the materials and literature that the class has gathered

during the course of the semester. In processes wherein no official document that exists, the class has filled in with a proposed methodology.

This report is organized in the following chapters:

1. SETUP/INSTALLATION:

○ 1.1 SETUP/INSTALLATION OF ECO-COUNTERS

○ 1.2 SETUP/INSTALLATION OF TRAFx COUNTERS

2. VALIDATION

○ 2.1 VALIDATION OF ECO-COUNTERS

○ 2.2 VALIDATION OF TRAFx COUNTERS

○ 2.3 INTERNSHIP PROGRAM

3. MAINTENANCE

○ 3.1 MAINTENANCE OF ECO-COUNTERS

○ 3.2 MAINTENANCE OF TRAFx COUNTERS

VALIDATION AND ANALYSIS OF  BICYCLE AND PEDESTRIAN TRAIL COUNTERS IN NATIONAL CAPITAL AREA VIRGINIA TECH PLANNING STUDIO FALL 2021 | PAGE 62



For more information about Virginia Tech’s trail counter study, please see “Validation and Analysis of Bicycle and Pedestrian Trail Counters in the

National Capital Area”.
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1. SETUP/INSTALLATION

While there are several ways to approach installation, having a uniform, and specific repeatable method helps to manage the process better.  One

such consideration is ensuring that counters are placed strategically to not only capture activity, but also maintain a sense of manageability so

they may be found and accessed later for maintenance and validations.  Some brand specific suggestions are below.

1.1 SETUP/INSTALLATION OF ECO-COUNTERS

● Virtual database of all manuals/warranties, etc.

● Inventory - eco-counters have a cloud-based app for housing this information which is managed by Arlington County

● The DelDOT Count Program Guide offers a nice installation/retrieval checklist (p. 22)

1.2 SETUP/INSTALLATION OF TRAFx COUNTERS

● Inventory - while eco-counters have a cloud-based app for housing this information, TrafX does not.  The inventory should include:

○ Purchase dates

○ Purchase price

○ Install dates

○ Photos of location w/installed equipment

○ Serial/model numbers
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2. VALIDATION

Validation counts are quite different depending on the brand of counter.  Where Eco-Counters are generally intuitive, and easy to use, TRAFx does

require additional steps, software, hardware, time, tinkering, innovative strategies and labor.  Below is an outline of what someone validating

should consider, and expect from the process.

2.1 VALIDATION OF ECO-COUNTERS

● Weather Conditions

○ Dress appropriately

○ A two hour time window is necessary

● Area Conditions

○ As mentioned in setup/installation, counters should be placed to not only capture the best activity, but to remain accessible for

validators, maintenance, and general access

● Comfort/Ergonomics

○ Bring a chair, stool, or similar item as counts are lengthy

○ Bring a good pen and a clipboard to write on

● Preparation - Items to Bring

○ Eco Counter

■ Android device

● Fully charged and bluetooth compatible!

■ App downloaded

■ Key (if needed to access device)

■ Magnet (to wake up the device)

○ Update database

○ to acknowledge date/time/associate on validation date; ex: “Last validation at 12pm, 10-1-21, - AN”

○ Easier for eco-counter database housed in cloud application

● Monthly audits

○ To monitor whether a device is active, battery life,  damages, etc.
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2.2 VALIDATION OF TRAFx COUNTERS

TRAFx counters do require an innovative approach to validation.  The product itself is limited in means of being more streamlined and easy to

use.  This challenge has remained a constant throughout the process.  The following is quite different from the Eco-Counter approach, which is

why the process doesn’t mirror Eco-Counter.

Note: weather and area conditions, as well as comfort/ergonomics previously stated are good practices for this validation as well.

Methodology:

■ Manual count of Trafx counters will utilize video recordings in 2-3 hour increments to fulfill 8 hour tests.

Materials:

■ For downloading the data from the Trafx Counter, the materials are as follows:

● PC (Make sure to have Trafx drivers/software installed)

● Serial cable

● Batteries

● Dock

● Key

■ For manual validations using a camera, the materials are as follows:

● GoPro Camera

● MicroSD cards

● Extra GoPro batteries

● Disconnect box

● Weatherproof combination lock

● Cable ties

Steps:

1. Set up the validation kit on-site

a. Select a mounting location such that the camera projection captures the TRAFx box, as well as the people passing by.

b. With a full battery, start recording with the GoPro a few minutes before the top of the hour. To maximize battery and memory

limitations, it is recommended to change the settings to 720res/30fps, wide angle, and turn off voice command.
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c. It is recommended to flash the time in front of the camera using a watch or a phone to have a point of reference of when the

recording was started.

d. Starting at the top of the hour, walk back and forth in front of the Trafx counter to simulate 50 events. Later, this will help in

cross-checking the time when the data is downloaded from the Trafx counter.

e. Leave the GoPro recording until the battery runs out. The recording should yield 2-3 hours of footage.

f. Replace the battery, check if the SD card is full and repeat steps 1b-1e.  If the memory of the SD card is full, download and remove

the files from the SD card into a computer and repeat steps 1b-1e. Repeat until at least 8 hours of footage is recorded.

2. Record manual counts from the GoPro recordings

a. When at least 8 hours of footage is recorded, download all of the files from the SD card and upload to the Virginia Tech drive. The

GoPro recordings will produce shorter time increments, rather than a full 2-3 hour recording.

i. Organize the multiple files into multiple folders and subfolders. Use the following folder and naming convention: CounterNAME >

RecordingDATE >  GoProFileName

b. Start watching the footage in order based on the Go Pro file name. Start with the first recording in the folder and identify the time

based on the time flashed in the video from step 1c.

c. Record manual counts using the manual count form: xxxxx

3. Download the Trafx data from DataNet.

4. Compare the data from Step 2 and data from Step 3.

2.3 Internship program

We recommend implementing an internship program to maintain consistent validations. Many internship program outlines and frameworks exist,

but at the very least, the internship program should include the points listed below.

● Training

○ Interns should understand the purpose of counters, and more importantly the process of validating and maintaining them

● Check-Ins

○ Oftentimes an intern can become disconnected from the main task

○ Having a staff member oversee the program who are knowledgeable themselves helps to bridge this gap, and maintain

consistency

● Perishable knowledge database
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○ As our own experiences have shown, sometimes processes and approaches deviate from the defined (or undefined) procedure

○ These seemingly small, but effective approaches shouldn’t be housed in the interns memory alone, but encouraged to be

recorded for future reference

○ This can certainly be part of the counter inventory, adding notes for any particulars about locations, setups, counters,

troubleshooting, specifics, etc.

● Policy/Procedure database

○ In the beginning stages, a P&P manual should be written and updated as necessary

○ A good process for developing a P&P manual would be going through TRAFx more complex documents

● Inclusion of intern coordinator as part of staff

● Can help to make sure an annual, and proper validation occurs

3. MAINTENANCE

Nobody on the team was necessarily a trained maintenance technician to work on counters.  However, in being exposed to issues that arise, and

basic troubleshooting, processes due seem possible to be performed in-house, avoiding costly visits.  There are of course exceptions to this, as

coding, or other technical issues will require company specific support.

3.1 MAINTENANCE OF ECO-COUNTERS

● Recording of “how to” videos for common troubleshooting, and more advanced maintenance items.

○ Cleaning process

○ What to do when water penetrates

○ Replacing batteries

● Numbers to jurisdictional owners

● Numbers to tech help support

3.2 MAINTENANCE OF TRAFx COUNTERS

● Website encourages DIY repairs

● Numbers to tech help support
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Table of important documents
As websites change, so do the locations of important “how-to” documents.  Making sure the team has access and reference to counter help

documents will make troubleshooting easier.  There are many TRAFx documents that are produced by TRAFx, the Eco-Counter documents that

were best found are from a third-party organization.

ECO-COUNTER DOCUMENTS

Document Name Purpose Location Publisher

Frequently Asked Questions: Guide
for Eco-Link Android

Using an Android device, connect to
a counter, retrieve data from
counter, transfer data to Eco-Visio,
etc.

Deliverables provided by VT Students Eco-Counter

Frequently Asked Questions: Guide
for Eco-Link PC

Using a PC device, connect to a
counter, retrieve data from counter,
transfer data to Eco-Visio, etc.

Deliverables provided by VT students Eco-Counter

ATRC Counter Loan Program
Guidebook for Eco-Counter

Guidebook https://caatpresources.org/includ
es/docs/ATRC_Counter_Loan_Pro
gram_Guidebook_for_Eco-Count
er_(March_2020).pdf

Active Transportation Resource
Center

TRAFx COUNTER DOCUMENTS
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Document Name Purpose Location Publisher

TRAFx Manual Part I (start here) https://www.trafx.net/support#dow
nloads

Official TRAFx document

TRAFx Manual Part II Infrared Trail Counter Instructions https://www.trafx.net/support#dow
nloads

Official TRAFx document

TRAFx Manual Part II Mountain Bike Counter Instructions https://www.trafx.net/support#dow
nloads

Official TRAFx document

How to calibrate a counter How to calibrate a counter https://www.trafx.net/support#dow
nloads

Official TRAFx document

How to reset LCD tally display How to reset LCD tally display https://www.trafx.net/support#dow
nloads

Official TRAFx document

How to use IR conversion kit How to use IR conversion kit https://www.trafx.net/support#dow
nloads

Official TRAFx document

Overview for IT Staff Overview for IT Staff https://www.trafx.net/support#dow
nloads

Official TRAFx document

TRAFx Communicator TRAFx Communicator https://www.trafx.net/support#dow
nloads

Official TRAFx document

USB to serial driver Driver Installer
Driver Instructions

https://www.trafx.net/support#dow
nloads

Official TRAFx document
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Appendix 2

ADDITIONAL DATA GRAPHS FOR BICYCLE AND PEDESTRIAN TRAIL
COUNTERS IN THE NATIONAL CAPITAL AREA
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DATA ANALYSIS ADDITIONAL GRAPHS

Anacostia River Trail Season Charts
a. Deane Avenue
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b. Kenilworth Park

c. River Terrace
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C&O Canal Trail Seasonal Charts
a. Marsden Tract Foot Bridge
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b. Lock 10
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c. Lock 8
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d. Glen Echo
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e. Lock 7
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f. Lock 6
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g. Lock 5

VALIDATION AND ANALYSIS OF  BICYCLE AND PEDESTRIAN TRAIL COUNTERS IN NATIONAL CAPITAL AREA VIRGINIA TECH PLANNING STUDIO FALL 2021 | PAGE 81



h. Chain Bridge Access
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Capital Crescent Trail
a. Georgetown MM-1 (Mule Bridge)
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b. Georgetown Level 3 Access (VC)
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Appendix 3

ADDITIONAL INSIGHT ON URBAN/STREET BASED COUNTERS FROM
BLACKSBURG, VA: POTENTIAL USE FOR ADDITIONAL STUDIES AND
CONSIDERATIONS FOR FUTURE STUDIES IN THE NATIONAL CAPITAL AREA
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BLACKSBURG STREET COUNTERS
a. Tom’s Creek at Watson St.

The Tom’s Creek counter is a street located counter in a primarily residential area, utilizing both an infrared sensor on the sidewalk outside an
elementary school and an embedded loop across the street. This location experiences its highest level of pedestrian and bicycle traffic on
weekdays. The weekday data follows a two-hump trend with similar peaks around 1,400 users at 12PM and 3PM with Tuesday as the weekday
with the most pedestrians and bicyclists, and Friday having the least. The weekend data shows a one-hump trend with a traffic peak of over 600
users around 4PM, Saturday and Sunday usage data was very similar in usage pattern.

These trends vary a bit when looking at seasonal data. The summer season has a three-hump trend, and the winter, spring and fall seasons have
a two-hump trend, but fall is the most distinct. The fall and spring seasons both have significantly larger numbers of users during the week than
on the weekend, as well as the most traffic out of the four seasons likely due to the influx of students during the academic year. The winter and
summer seasons have the least amount of traffic out of the four seasons likely due to students being away for break. Weekend usage is
consistent throughout the seasons.
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During the summer, Mondays and Tuesdays have the most weekday traffic, with a decline by Fridays. During the winter, Mondays have the lowest
traffic, increasing as the week progresses with Tuesdays and Thursdays having the highest peak weekday traffic and decreasing as the week turns
into the weekend. During the spring, Mondays and Tuesdays have the most weekday traffic, declining as the week progresses to Friday. During
the fall, Tuesdays have the most weekday traffic, with it declining by Friday. October and September saw the highest level of bicyclists and
pedestrians with over 11,000 users for each month, March and April also experienced high bicyclists and pedestrians traffic, with over 8,600
users for each month. December was the month with the least amount of traffic with less than 3,000 monthly users.
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b. University of Boulevard
The University of Boulevard counter is a street located counter, in a
mixed used area (shops, grocer, restaurants) that leads into a
residential area, utilizing both an infrared sensor on the sidewalk
outside the Post Office and an embedded loop across the street. This
location experiences its highest level of pedestrian and bicycle traffic
on weekdays. The weekday data follows a two-hump trend with the
larger peak around 1,300 users at 12PM and the smaller peak around
1,100-1,200 users around 3PM. Tuesdays are the weekday with the
most pedestrians and bicyclists, and Friday having the least. The
weekend data shows a one-hump trend with a traffic peak of over 800
users between 11AM-12PM for Sundays, and 400-500 users between
2-4PM for Saturdays.

These trends are also apparent when looking at the seasons. The spring and fall seasons have more distinguishable two-hump trends, while
summer and fall seasons have more of a one-hump trend. Similar to the Tom’s Creek location, the fall and spring seasons both have larger
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numbers of users during the week than on the weekend, as well as the most traffic out of the four seasons, again, likely due to the influx of
students during the academic year. The winter and summer seasons also have the least amount of traffic out of the four seasons, again, likely due
to students being away for break. Weekend usage is similar throughout the seasons.

During the summer, Mondays and Tuesdays have the most weekday traffic, with it declining by Fridays. During the winter, Mondays have the
lowest traffic, increasing as the week progresses with Tuesdays and Wednesdays having the highest peak weekday traffic and decreasing as the
week turns into the weekend. During the spring, Tuesdays and Wednesdays have the most weekday traffic, declining as the week progresses to
Friday. During the fall, Mondays have the most weekday traffic, decreasing and increasing throughout the week. October saw the highest level
bicyclists and pedestrians with over 7,800 users for the month. March and May also experienced high bicyclists and pedestrians traffic, with over
7,600 monthly users, closely followed by August and September with over 7,500 monthly users.
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