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Introduction

The Oregon Smart Mobility Networkoject was a series of infrastructure and technology deployments
fundedbyt he Feder al Hi ghway Administrationds Advanced
Technologies Deployment (ATCMTD)

The primary objective of the Oregon Smart Mobility Netwgmioject was to demonstrate how a connected,
data-driven transportation network could enhance safety and efficiency, while addressing anticipated traffic
increases associated with Oregonds population growt
thest at eds mosrtascongested

The project helps prepare, manage and recover the system during periods of congestion or adverse weather.
The project helped prepare for growth in congestion by ensuring necessary tools and strategies are in place
and have been tested. The project supp@system management that provides tools and technologies in
active traffic management and road weather management to support system operators and the system
users. The project also deploys tools and technologies that help the system recover from disrugtgrch as
crashes or other incidents or adverse weather conditions.

The project included collaboration with multiple local jurisdictions, including the City of Portland, Washington
County, the City of Bend, transit agencies, TriMet, and state agencies including Oregon State Police.

Figure 11 shows the locations of the deployments.
The deployments included:

I-205 Active Traffic Management

OR 212/224 Arterial Corridor Management

NE Airport Way Arterial Corridor Management
Next Generation Transit Signal Priority (TSP)
Cornelius Pass Arterial Corridor Management
US 97 Road Weather Management

City of Bend Colorado/Arizona Couplet ATSPMs
UAS Crash Reconstruction

© ©® N o g s~ DN

Multimodal Integrated Corridor Management Architecture

1 Not evaluated in this report.
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@ Introduction z De artment
nsportation

The deployments were geographically spread out around the state and in different contexts. There were
projects in thePortland Metro Area (1,2,3,4, and 5), projects in suburban areas (2 and pjojects on rural
highways (6), projects in a small Metropolitan Planning Organization (7). The UAS Crash reconstruction could
be applied statewide.

The deployments were funded by a $12 Million ATCMTD grant, the maximum grant award, and a $19.2
Million investment of state and local funds. Total project cost was $31.2 Million.

This report is anassessment ofeight of theintelligent transportation system (ITS) deploymenisstalled in
the Oregon Smart Mobility program.

Existing ATM
deployment

|| wasHiNGTON
/ COUNTY.

\
SHERMAN

GiuAm {
cuckaws

N\ wasco

JEFFERSON DR

CENTRAL @ :

OREGON

MALHEUR

DOUGLAS.

FIGURE I.PROGRAM GEOGRAPHICHREBRAM GEOGRAPHIC AREA
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Specific deployments evaluated in this report include:

1 An Active Traffic Management (ATM) system &20b, incorporating variable message and advisory
speed signs, ramp metering, mainline detection, and supporting ITS infrastructure

1 Automated Traffic Signal Performance Measures (ASTPMs), freight detection enhancements, signal
controller upgrades, and a pedestrian call extension system along Cornelius Pass Road.

1 Communications infrastructure expansion along NE Airport Way, video detection and video
management server upgrades, and signal controller upgrades;

1 A-regionally integrated, centralized transit signal priority system deployed by TriMet;

1 Aroad weather management system on US 97 using variable speed limit infrastructure, RWIS
stations, radar sensors, VMS signs, and the expansion of the Oregon TripCheck travel information
system;

1 Conversion of six signalized intersections in Bend to ATSBApable operation through controller and
detection upgrades;

1 UASbased crash reconstruction systems deployed at five Oregon State Police regions;

This report documents the evaluation of these systems based on performance measures such as

operational improvements including reduction in delay and improvements in travel time reliability, and safety
benefits including crash reduction or reductions in ra-misses, and red light running measured via video
analytics. The evaluation includes interviews with operational staff on the benefits and challenges of ATSPM
implementation. It includes analysis of before and after data, benefibst evaluations in accodance with
USDOT guidance, and an assessment on the systembds

ODODREGON SMART MOBILITY NETWORK EXALUATIDNE 2025 14
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1-205 ATM System

Evaluation Report

INTRODUCTION

This report will evaluate before and after implementation data for th05 Active Traffic Management (ATM)

project. The report wilreport on the safety, mobility, and operational effects of the system. This project was

funded with $30.7 million dollars of State of Oregon House Bill 2017 funds delivered to the Oregon
Department of Transportati on. ionb8dgetwamisédlas acstate medicht he p
for the Advanced Transportation and Congestion Management Technologies Deployment (ATCMTD) grant by

the Oregon Department of Transportation (ODOT) for its Oregon Smart Mobility Network.

Exits 23 A-B

’ =
m BY-PASS
Sandy Blvd 2
Killingsworth St
/2 MILE
S

EXIT N ONLY
. —

LEFT: AERIAL 1205 AT GATEWAY, TOP RIGHT: GLISAN STREET SIGN BRID@BSONEGRTH, BOTTOM RIGHT:
KILLINGSWORTH NORTHBOUND CONNECTION

Source: ODOT
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PROJECT DESCRIPTION

The ODOT-205 Active Traffic Management (ATM) project included three major improvements: 1) the
construction of a new, northbound auxiliary lane between the entrance ramp from US26 Powell Blvd (MP
19.58) to the exit ramp to westbound-84 (MP 20.99); 2) mmvement preservation of-205 between MP
18.60 and MP 21.53; and 3) the installation of an Automated Traffic Incident Management and R&ahe
Sign System between MP 16.30 and 25.60 in both the northbound and southbound directiofggure 11
shows the extent of the project area.

The goal of the project was to address persistent congestion and safety issues in the corridor and improve
travel time and travel time reliability.

NORTHBOUND AUXILIARY LANE

The northbound auxiliary lane was constructed from the entrance ramp or@05 from US26 Powell Blvd at
MP 19.58 to the exit ramp from-R05 to westbound F84. The lane was constructed to remedy severe
congestion identified in ODOT planning efforts conded several years prior. The incorporation of the new
lane into the existing freeway system was accomplished without the purchase of additional Agfway by
performing most of the widening towards the median of the freeway and limiting the right shoulderk to
only what was necessary and fit within the existing physical constraints.

The project included widening the northbound pavement section (in varying widths) to accommodate the
addition of the new auxiliary lane, as well as the necessary realignment of the freeway travel lanes and
entrance and exit ramps. The northbound pavemengstion was widened towards the outside (right side) of
the freeway from the Division St. entrance ramp (MP 19.90) to just north of the Glisan St. overpass (MP
21.20). It was necessary to remove and replace existing light poles, concrete gore islands, tign bridges,
overhead signage, roadside signage, overpass slope paving, ramp meter detectors, an automated traffic
recorder, and additional devices.

Pavement Preservation

Pavement preservation was performed or205 northbound from MP 18.60 to MP 21.53. The work included
grinding off the existing 2.8nch-thick sacrificial asphalt wearing course atop the underlying concrete
pavement and replacing with a new 2Anch-thick Level 4, %2 inch asphalt concrete pavement wearing
course with PG 742ER binder. Additionally, new pavement markings were placed. Within the limits of the
new northbound auxiliary lane, the alignment of the new lane lines was adjusted to delineate the nemel
alignments and additional pavement markings and pavement markings with different patterns were placed
to accommodate the additional lane.

Included in the pavement preservation section is a minor amount of bridge preservation work which
occurred on the northbound Powell Blvd Structure (Str. #13531) and the northbound Division St. Structure
(Str. #13528).

Active Traffic Incident Management and Re@ime signs

The installation of an Active Traffic Incident Management System (ATIM) including Reaé message signs
in both directions if 1205 between MP 16.30 and MP 25.60 was part of the project. The ATIM System
included the installation of Variable Message Sigrf¥MS), Variable Advisory Speed Signs (VAS), cameras,
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radar detection, and road and weather station (pavement temperature, relative humidity, air temperature,
visibility, wind speed and direction, grip factor of pavement, and pavement classification (dry, water, ice,
slush, snow or frost)). The ATIM System sviastalled on a mixture of existing sign supports, existing
overpass structures, new truss sign support structures, new monotube sign support structures and new
monotube sign bridges at 11 separate sites throughout the corridor.

Key components of the project included:

Northbound Auxiliary Lane

Active Traffic Management (ATM) System
Variable message signs

Variable advisory speed signs

Vehicle detection

= =4 =4 =4 4 =

Fiber optics communications

The project was constructed and deployed during the period of February 2019 through November 2019.
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FIGURE 2.PROJECT AREA MAP
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EVALUATION

EVALUATION GOALS, OBJECTIVES AND QUESTIONS

ODOT provided the Federal Highway Administration with evaluation goals, objectives, and questions as part
of the ATCMTD grant process, these are shownTable 21.

TABLE 2.EVALUATION GOALS, OBJECTIVES AND QUESTIONS

GOAL AREA DESCRIPTION/OBJECTIVE EVALUATION QUESTION

Do the improvements affect incident rates on205 between the Glenn Jackson

IMPROVE SAFE Reduce Traffic Crashes Bridge and Johnson Creek Boulevard?

Is the variability of average travel times decreased o205 between Glenn

IMPROVE Improve travel time . . .
MOBILITY reliability Jackson Bridge and Johnson Creek Boulevard during the evening weekday pe
hour?
IMPROVE Mitigate recurring Is the k205 segment between the Glenn Jackson Bridge and Johnson Creek
OPERATIONS bottlenecks Boulevard able to accommodate more vehicles at the same service level?
DATA COLLECTION

Before data was collected from January 201through December 2018. After data was collected from

January 2021 through December 2022. The data collection periods avoided the period when the system and
the auxiliary lanes were being installed. The data collection periods also avoided the period winaffi¢

volumes were most affected by the pandemic.

DKS will then screen the data sets for completeness and quality, perform preliminary statistical analysis, and
determine the evaluation periods for the before and after analysis to provide a minimum of six months of
data in each evaluation period to summaze meaningful traffic trends, and the actual evaluation periods will
depend on results of the data screening.

Typically, 6 months of data is more than sufficient for travel time reliabil@yalysis. The analysis picked the

most representative 6 months of data that show how the corridor typically operates. The 6 months of after
data was chosen to avoid the impacts of the COVID pandemic on traffic volumes. The 6 months of before
data was thenchosen to match the period and season of the after data. The comparison of 6 months before
and after data is representative of the projectds
of data were used for the analysis, results would nbiave been expected to be of meaningful difference.

DKS developed performance measures that can answer the evaluation questions and determine whether
the evaluation objectives were met. The performance measures and associated data type necessary to
evaluate objectives are shown ifTable 22.
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TABLE 2. PERFORMANCE MEASURES AND DATA TYPES

EVALUATION QUESTION PERFORMANCE MEASURES ASSOCIATED DATA TYPE
Do the improvements affect incident rates on205 1 Traffic Incident Rate 1 Incident Logs
between the Glenn Jackson Bridge and Johnson Creek Traffic Vol
Boulevard? T Traffic Volumes

1 Average Travel Time 1 Freeway Segment Lengths
Is the variability of average travel times decreased on | q 95t Percentile Travel Time 9 Travel Speed/Time at 5
205 between GlennJackson Bridge and Johnson Creek _ Minute Intervals
Boulevard during the evening weekday peak hour? 1 Buffer index

1 Planning Time Index

Is the 205 segmentbetween the Glenn Jackson Bridge T Vehicle Density T Freeway Segment Lengths

and Johnson Creek Boulevard able to accommodate 1 VehicleMiles Travelled 9 Traffic Volumes

more vehicles at the same service level?
1 Travel Speed

The evaluation used ODONcident Logs instead of reported crashes because of the significant delay in

processing reported crashes. This allowed the safety analysis to be completed much sooner than if the

analysis relied on reported crash reports. The data in thisreportareti@@ nt s t hat wer e | ogge
incident reporting system that were logged as crashes. Incidents are recorded by ODOT dispatchers from

reports from ODOT Incident Responders or local agency emergency responders. The dispatcher would note

from the reportwhether the incidents was a crash or something else such as a disabled vehicle.

Unfortunately, the incident data only notes the severity of the crash if it is a fatal crash. As a result,

assessing changes in crash severity is challenging. The data sowéar each data type are shown ifable

2.3.

TABLE 2.DATA SOURCES

DATA TYPES DATA SOURCE

Freeway segment lengths Google Earth

Incident logs ODOT dispatch system

Traffic volumes PORTAD Official transportation data archive for the

Portland Metro area

INRIX data via Regional Integrated Transportation

Speed/travel time Information System (RITIS)
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DATA ANALS

TRAFFIBICIDENT RATE

In the two years from January 2017 through December 2018, there were 1373 incidents in the segment
that could be characterized as crashes. In the two years from January 2021 through December 2022, there
were 597 incidents in thesegment that could be characterized as crashes. These are showrTable 24.

The DKS teamed compiled all recorded incidents that were coded in the Incident Response system as

crashes. ODOT6s I ncident Responders and Dispatcher
for reporting incidents as crashes. Incident reports shild be consistent across the time frame of the report
as the procedures havendt changed. The other catego

reasons other than a fatality, crashes where a motorist struck an animal, such as a deer and crashbsre
the motorists damaged ODOT property such as a sign post or guardrail.

TABLE 2.BEFORE AND AFTER INCIDENTS AND RATES

PERCENTAGE INCIDENT RATI INCIDENT RATI PERCENTAGE

NO. OF NO. OF
INCIDENT TYPE  INCIDENTS ~ INCIDENTs ~ CHANGE INTHI — (PER 100 (PER 100 CHANGE
(BEFORE) (AFTER) NO. OF MILLION VMT)  MILLION VMT)
INCIDENTS (BEFORE) (AFTER)
CRASH 1330 529 -60.2% 98.91 44.38 -95.1%
FATAL CRASH 9 11 22.2% 0.67 0.92 37.3%
OTHER 34 57 67.6% 2.53 4.78 88.9%
TOTAL 1373 597 -56.5% 102.10 50.08 52.0%

Overall, there was a significant decrease in the number of incidents. The increase in fatal crashes in the
after period is likely statistical variation because fatal crashes are relatively rare events compared to the
overall number of crashes, small changein the number can appear to have a large percentage increase.
Similarly, the changes in the number of other crashes is statistical variation given their low number relative
to the total number of crashes.

REPORTED CRASHES

In the after evaluation, ODOT crash data for 2022 became available sooner than anticipated. This allowed
the project team to compare incident data with actual reported crash datdable 25 shows actual crash

data. While the crash data is different from the Incident Data, it does show a dramatic decrease in the
number of crashes in the after period.
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TABLE 2.BEFORE AND AFTER CRASHES TABLE @ BEFORE AND AFTER AADT AND VMT
NO. OF NO. OF BEFORE AFTER
INCIDENT TYPE  CRASHES CRASHES
(BEFORE) (AFTER) AADT 170,560 151,200
FATAL CRASH 2 5
VMT 672,347,520 596,030,400
SERIOUS INJUF
CRASHES 13 42
MODERATE oL to1 The.Averag.e Annual Daily Traffic (AADT) and the
INJURY CRASH Vehicles Miles Traveled (VMT) declined in the after
period. It is not known why this decrease occurred
MINOR/POSSIB . .
E INJURY 373 243 and beyond the scope of the evaluation to determine
it. Table 26 shows the Before and After AADT and
PROPERTY 997 363 VMT. The AADT is used to calculated the Incident
DAMAGE ONLY
Rate.
TOTAL CRASHE 1446 844
TRAVEL TIME

In the sixmonth periods from January 2018 through June 2018 and January 2022 through June 2022, DKS
calculated travels times and travel time reliability. The measures the team evaluated were Average Travel
Time, 95" Percentile Travel Time, Buffer Index, Planning Time Index.

These measures are defined as follows:

Average Travel Times the mean travel time necessary to traverse the segment. It is computed by adding all
the travel times in the data set and dividing the sum by the number of data points. The time is reported in
minutes.

95th Percentile Travel Timés a measure of how bad travel times will be on the heaviest travel days, on 95
days in 100 the motoristds travel time wil!/ be | ess

Buffer Indexrepresents the extra buffer that travelers would need to add to their average travel time when
planning trips to ensure on time arrival. It is computed as the difference between thet9percentile travel
time and the average travel time, divided by the average travel time.

Planning Time Indexepresents the total travel time that should be planned when an adequate buffer time is
included over the freeflow speed.
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1-205 SB AUXILIARY LANE AND VARIABLE SPEED SIGNS

Source: ODOT

As noted previouslyé months of data is more tharsufficient for travel time reliability analysis. The analysis
picked the most representative 6 months of data that show how the corridor typically operates. The 6

months of after data was chosen to avoid the impacts of the COVID pandemic on traffic volunié® 6

months of before data was then chosen to match the period and season of the after data. The comparison of
6-mont h before and after data is representative of
pandemic and 2 years of data were e for the analysis, results would not have been expected to be of
meaningful difference.

Table 27 displays the results for northbound-205 and Table 28 displays the results for southbound
[-205.

The variability of the average travel time increased in the northbound direction, however the average travel
time decreased significantly (11.4% or 2.5 minutes.) The 9%ercentile travel time increased by 0.3

minutes (18 seconds.) The other reliability measured worsened in the northbound direction as well. The
buffer index increased by 40%, and the planning time index increased by 5.7%. The relatively high increase
in the buffer index can be attributed to the large decrease in the average travel time. Thefer index is
computed as the difference between the 95 percentile travel time and the average travel time, divided by
the average travel time. In this case the 95percentile travel time nearly stayed the same, but the average
travel time decreased significantly, increasing the buffer index. Another way to think of this is, the very worst
day remained about the same, but the typical day got much better. One potahéxplanation for this is that
bottlenecks outside the study or traffic backing upnto the freeway from other roadways impacted travel

time reliability.
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TABLE Z.TRAVEL TIME F266 NORTHBOUND EVENING PEAK HOUR (4:20 PM TO 5:20 PM)

PERFORMANCE MEASURE BEFORE AFTER PERCENTAGE CHANGE
CORRIDOR AVERAGE TRAVEL TIME (MIN.) 26.7 23.7 -11.4%

95TH PERCENTILE TRAVEL TIME (MIN.) 40.5 40.8 0.7%

BUFFER INDEX 0.51 0.72 40.1%
PLANNING TIME INDEX 3.60 3.81 5.7%

TABLE 2 TRAVEL TIME FRB5ISOUTHBOUND EVENING PEAK HOUR (3:50 PM TO 4:50 PM)

PERFORMANCE MEASURE BEFORE AFTER PERCENTAGE CHANGE
CORRIDOR AVERAGE TRAVEL TIME (MIN.) 20.4 17.9 -12.5%
95TH PERCENTILE TRAVEL TIME (MIN.) 34.6 29.5 -14.8%
BUFFER INDEX 0.70 0.65 -6.6%
PLANNING TIME INDEX 3.08 2.76 -10.6%

Washington St )
Stark St

1-205 NB AUXILIARY LANE

Source: ODOT

DENSITY AND VOLUMES

DKS calculated density and volumes. Volume aiégnsity will help determine if205 is able to

accommodate more vehicles at the same service level. Volume is expressed as the number of vehicles per
hour passing a specific point. The term flow means the equivalent hour rate at which vehicles pass aver
given point during a given time interval of less than hour, in this case 15 minutes. Density is the number of
vehicles occupying a certain space. In this case density is the number of vehicles per mile.
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In order to determine if the segment is accommodating more vehicles at the same service level, DKS
comparedthe relationship between volumes and densities in the before and after conditions. shows a
generalized relationship between flow (volume) and density on freeways.

Theoretically, data points of volumdensity values
for a specific facility would fall on a curve similar
to the one inFigure 22. When comparing the
volumedensity relationships from the before and
after conditions, the data points would form two
different curves that represent the before and
after conditions, respectively. Increased volumes
at the same density level would indicatéhat more
vehicles are being accommodated at the same
service level. In other words, if the volumes in the ;
after conditions are higher than the before Density (veh/km/In)

conditions, relative to the same density values, we < o 5 GENERALIZED RELATIONSHIP BETWEEN FLOW
can conclude that the vehicles are being AND DENSITY ON UNINTERRUPTED FLOW FACILITIES

accommodated at the same service level. Source: FHWA Traffic Control Systems Handbook

The freeway segment of analysis is divided into three sections, and the voludessity relationship is
reported for each direction of each section, for both the AM and PM peak periods. The AM peak period is 6
AM to 9 AM. The PM peak period is 3 PM to 6 Plvhe sections are defined as follows:

1 Section 1:Glen Jackson Bridge to US 30/Sandy Blvd.
1 Section 2:US 30/Sandy Blvd. to-B4
1 Section 3:1-84 to Johnson Creek Blvd.
The sections were selected based on the number of lanes, the presence of auxiliary lanes and the available

locations of count stations.

DKS created scatter plots of volume and density for each direction of each section, from the AM and PM
peak periods.

9 For each section, the team pulled six months of data.

1 Density was calculated for 15 minute intervals.

1 Each segment has an average flow for each 48in interval. The data is from Portal volume stations
and was provided to the team already aggregated.

1 Density was calculated for 15 minute intervals.
1 The team pulled 6 months of speed data, in 1hin intervals, and averaged data by the time bins.
Density was then calculated with the average flow and average speed for eachnib interval.

Each analysis period, (for example. AM before, fromA8138 9 AM) there are 12 data points representing the
average density and flow for each 15 minute interval in the three hour time period.
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FIGURE 2.SECTION 1 FLOW AND DENSITY SCATTER PLOT

In Section 1, the data shows higher volumes in the after conditions relative to densities, for both directions,

and in both the AM and PM peak periods. In the southbound direction, the AM peak period volumes are

| ower in the af¢ter

re demsitieis wherotine.flow\deceedss5,00D vph becamse there is

no data in the after condition. At data points where comparable densities exist in the AM peak period
(between 50100 v/mi) volumes are higher in the after conditions.

Therefore, we can conclude that both directions of Section 1 were able to accommodate more vehicles at

the same service level in the after conditions.

Section 2 NB (AM& PM)

6000
E ’. °
s °000 ® Ol ogae L oo
e, 3 I
4000
= o ° 4
o
i 3000 °
2000 *
0 50 100 150 200 250
Density (v/mi)

o AM Before « PM Before ¢ AM After « PM After

Section 2 SB (AM& PM)

7000
= 6000 R
g o
2 5000 . cposte et
LY and

£ 4000 .
-~ [ ]
LL 3000

2000

0 50 100 150 200

Density (v/mi)

e AM Before « PM Before « AM After « PM After

FIGURE£.SECTION 2 FLOW AND DENSITY SCATTER PLOT

In Section 2, the northbound direction also shows higher volumes in the after conditions relative to
densities, for the AM peak period. However, no significant increase in volumes is shown for the PM peak

period.

ODODREGON SMART MOBILITY NETWORK EXALUATIDNE 2025 26

t hat



@ I-205 ATM Evaluation Report m 8?%%’....;..:‘ .
of Transportation

The southbound direction clearly shows higher volumes in the after conditions relative to densities, in both
the AM and PM peak periods.

Overall, the data shows that both directions of Section 2 were able to accommodate more vehicles at the same
service level in the after period.

Section 3 NB (AM& PM) Section 3 SB (AM& PM)
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FIGURE 2.SECTION 3 FLOW AND DENSITY SCATTER PLOT

In Section 3, similar volumes were accommodated in the after conditions in the northbound AM peak period
at similar densities. The northbound PM peak period had lower volumes at lower densities in the after
conditions. Due to the different density range®of the PM periods, it is inconclusive whether the northbound
direction was able to accommodate more vehicles at treame service level.

The southbound direction accommodates higher volumes at similar density levels in the after conditions in
both the AM and PM peak periods.

Overall, the section appears to be accommodating more vehicles at the same service level, particularly in the
southbound direction.

The evaluation of volume and density shows that all three sections of the freeway segment were able to
accommodate either similar level of or more vehicles at the same service levels.
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BENEFIT/COST

DEVELOPMENT OF BENEFIT/COST

Benefits were developed from the safety and delay impacts to the project. Costs were determined by the
project development and construction cost of the project.

The total project cost was $30.7 million.

Safety benefits were derived from the crash or incident reduction in the project limits. ODOT has developed
the cost of crashes based on severity and these weapplied to the reduction in crashes.

The costs of delay reduction were determined by the cost of delay that ODOT has developed as part of the
0The Val uemeoektimdte ohtkieeHburly Value of Time for Vehicles in Oregon 2023.

BENEFIT OF REDUCTION IN DELAY

The team calcul ated the monetary value of travel ti
One Hour of Travel Time Savings by Vehicle Class (2025), the most recent version of the report. This analysis
focused on the weekday PNpeak period from 3:00 p.m. to 6:00 p.m. Monetary values were assigned to

different vehicle classes based on classification counts, and distinct hourly volumes were applied for each

peak hour. Volume data was sourced from two count stations: the northbouRdwell ramp (Station ID

2DS153) and the southbound Killingsworth Street location (Station ID 2R025).

Table 29 below shows the value of reduced travel time per day for each direction during the peak hours,
and the annual benefit of reduction in delay. The total annualized benefit from the reduction in delay
combining both directions was estimated at $12,799,049.44.

TABLE 2-ANNUALIZED BENEFIT OF REDUCTION IN DELAY

DIRECTION VALUE OF REDUCED TRAVEL TIME PER  WORKDAYS PER YEA ~ ANTIUAL BENEFIT OF
NORTHBOUND $1,085, $5,930, $8,588 260 $3,492,700.36
SOUTHBOUND $7,685, $10,655, $17,454 260 $9,306,349.09
TOTAL $6,600, $16,585, $26,042 260 $12,799,049.44

BENEFIT OF REDUCTION IN CRASHES

Safety benefits were derived from the crash or incident reduction within the project limits. While crash
severity data was available, the relatively short time frame where crash data is available in the after period,
it was decided not to rely on the sevéy data. To remain conservative due to lack of available data regarding
crash severity and the uncertainty of reduction in crashes, the team assumed that all crashes were property
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damage only and assigned an economic value to the crash of $24,800. This is the value that ODOT has
updated for its benefit costs analysis as of 2023

TABLE 20: BENEFITS OF CRASH REDUCTION

NO.OFINCIDENTS NO.OFINCIDENTS REDUCTIONMOUNT COSTPERCRASH ANNUAIBENEFIT

EREES (BEFORE) (AFTER)

CRASHES 1373 597 776 $24,800 $19,244,800

The total annual benefit associated with the reduction in the cost of crashes is $19,244,800.

TOTAL BENEFITS AND BENEFIT COST

The total costs of the project were $30.7 million. The servidiée of these ITS devices was assumed to be 10
years.

The total discounted benefits of the reduction in delay and reduction in crashes is $283,734,333.

The team followed USDOT guidance by using the spreadsheet tool from the online Benefit Cost Analysis
Guidance (2025 Update). As noted, the team used ODOT values for the cost of crashes and the value of
travel time. The team assumed that maintenance and epations costs were $0. It would be very difficult to
calculate the difference in cost for maintenance
ATSPMs now. Using the USDOT guidance a discount rate of 3.1 percent was applied to bogatbty and

time travel savings benefits for each of the 10 individual years following the completion of the project.

This results in a Benefit/Cost Ratio of 8.87 and a net present value of $251,753,459able 211 shows the
Total discounted benefits, costs, net present value, and the benefit cost ratio as discussed above.

TABLE 21: BENEFIT COST RESULTS

TOTAIDISCOUNTEBENEFITS TOTAIDISCOUNTEOOSTS NETPRESENYALUE BENEFICOSRATIO

$283,734,333 $31,980,878 $251,753,455 8.87

Theproject enables automated data collection along the corridor, streamlining travel time and speed studies
and signal timing adjustments. However, no empirical data is currently available to validate these
improvements.

2 Jiguang Zhao, Ph.D., P.E. Traffic Safety Engin&iristina McDanieWilson P.E. State Traffic Safety Engineddpdated Crash
Costs for Highway Safety Analysidugust 25, 2023
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FINDINGS

ASSEMENT OF OVERALL SYSTEM PERFORMANCE

The segment has fewer incidents, improved travel times and reliability, and is accommodating more vehicles
at the same service level.

Do the improvements affect incident rates on205 between the Glenn Jackson Bridge and Johnson Creek
Boulevard?

Yes, the number of incidents coded as crashes was dramatically reduced in the after condition. A significant
portion of the reduction can be attributed to the ATM system and the auxiliary lanes. From the data that is
available it is not possible to atthute specific crash reductions to one improvement or the other, or whether
the improvements acted in concert.

Is the variability of average travel times decreased o205 between Glenn Jackson Bridge and Johnson
Creek Boulevard during the evening weekday peak hour?

The variabilityof travel times decreased in the southbound directioflhe average travel time decreased by
12.5%. The 9% percentile travel time decreased by 14.8%. The buffer index and planning time index
improved by 6.6% and 10.6% respectively.

The variability of the average travel time increased in the northbound direction, however the average travel
time decreased significantly (11.4% or 2.5 minutes.) The 9%ercentile travel time increased by 0.3

minutes (18 seconds.) The other reliability measured worsened in the northbound direction as well. The
buffer index increased by 40%, and the planning time index increased by 5.7%. The relatively high increase
in the buffer index can be attributed to the large decrease in the average travel time. The buffer index is
computed as the difference between the 95 percentile travel time and the average travel time, divided by

the average travel time. In this case the 9%5percentile travel time nearly stayed the same, but the average
travel time decreased significantly, increasing the buffer index. Another way to think of this is, the very worst
day remained about the same, but the typical day got much better.

Is the 205 segment between the Glenn Jackson Bridge and Johnson Creek Boulevard able to
accommodate more vehicles at the same service level?

Overall, all sections of the freeway segment were able to accommodate either similar level of or more
vehicles at the same service levels.

IDENTIFICATION OF ISSUES

Overall, the ATM system appears to be operating ver
crashes and improved travel times.

It is difficult to say what the specific effects of the ATM system are in isolation. That is to say, are the
improvements in safety and travel times because of the ATM system, the installation of the auxiliary lanes or
do the changes operate in concert? Wle implementing the various elements of the project individually,
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such as the auxiliary lanes and the ITS technology, would have allowed the team to isolate the effects of the
improvements individually, this would have been extremely inefficient from a project development
perspective. Road users would have been subject multiple years of construction and ODOT would have
had to manage multiple construction contracts.

The pandemic and its effect on traffic made the analysis more challenging. The team had to analyze
changes in volumes and try to determine a time period that was leaBected by the pandemic.

The length of time to get complete crash data required the use of incident data as a surrogate. While
incident data is quite robust and it is clear which incidents are crashes, there is no severity data beyond
whether the crash resulted in a fatality or@t. Further evaluation should include actual crash data when it is
available.

The freeway speed and volume data found in the PORTAL system was extremely valuable to the analysis
team.

ODOT has followed a system engineering approach for the ATM projects including roadside technology and
software. This approach reduced the risk of potential issues during implementation.

RECOMMENDATIONS FOR OPERATIONS

The implementation of the ATM system appears to have a positive effect on safety performance. Further
research and evaluation on the safety effects of ATM system to determine the safety impact could lead to
development of specific crash modifications faot for the installation of ATM systems.

While overall the project was beneficial to safety, operation and mobility, further evaluation of the speed,
volume and travel times should be considered. Given the effects of the implementation of the ATM system
are intertwined with the implementation ofhe auxiliary lane, further evaluation to help determine if the
benefits are from the ATM system, removing bottlenecks with the auxiliary lanes or if the effects are additive
will help ODOT understand how to more cost effectively mitigate bottlenecks ia thture.

Evaluation of the US 97 Bend to La Pine variable speeds system in this project will evaluate a wedihsed
system in a more rural context.

Finally, it should be noted that ODOT has delivered over a dozen such Active Traffic Management projects
statewide prior to this project. ODOT has standardized on the field equipment and software used statewide
for ATM operations regardless of if the pmgt is urban/congestion based or rural mountainous for weather
based needs. Many of the lessons learned and improvements have already been addressed in earlier
projects and software upgrade efforts.
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VEL TIME TO:

1-205 REAL TIME TRAVEL TIME SIGN

Source: ODOT
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ODOT OR 212/224erial

CorridoiManagement

PROJECT BACKGROUND

The moadifications to the traffic signals
provided opportunities to collect data related
to corridor performance including
implementing automated traffic signal
performance measures, improve vehicle and
freight detection at signalized intersections,
and improve network communicationT otal
project cost was $2,800,000.

CORRIDOR OPERATIONS

Traffic volumes range fron80,000 to 37,000
vehicles per day on OR 224, and from
25,000 to 44,000 on OR 212.

The morning peak period is westbound
towards K205 and downtown Portland. The
afternoon peak is eastbound.

INSTALLED PTZ CAMERA
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EVALUATION

GOALS, OBJECTIVES AND QUESTIONS

The goals of the project include improving safetsnobility, and operations. The objectivesf the beforeand-
after evaluation are to measure how well the improvements achieved these godlable 31 summarizes the
project goals and specifically how the goals were to be evaluated.

TABLE B:PROJECT GOALS AND EVALUATION OBJECTIVES

GOAL AREA GOAL DESCRIPTION EVALUATION OBJECTIVE

Determine if redlightrunning and/or nearmiss events

#1 IMPROVE SAFETY Reduce crash potential in the corridor
were reduced.

Determine if the variability of average travel speeds

#2 IMPROVE MOBILITY  Improve travel time reliability within the OR 212/224 corridor improved

Determine if the improvements affected average trave
Improve travel time speeds within the OR 212/224 corridor.

Improve vehicle and freight detection Determine if the ATSPMO&s

#3 IMPROVE OPERATIONM . ) .
and managingcorridor operations.

Improve response time for detection
outages Determine how the avail a
the response time to detect outages.

EVALUATION PERIODS

The Oregon ATCMTD Project Evaluation Pé&stimated that the project would be deployed from 10/2019 to
12/2020. The project was delayed until 2022. The before and after evaluation periods are 202022 and
2023-2024, respectively.

Eachdata collection periodcovers a oneyear time frame, aiming to capture the most available data for
evaluation purposes. Based on the actual project deployment schedule and evaluation data availability, DKS
screened the data sets for completeness and quality, performed prelimiysstatistical analysis, and
determined the evaluation periods for the before and after data were:

Beforedata collection period: July 2021 through June 2022
Afterdata collection period: July 2023 through June 2024.

The goal was to have a minimum of six months of data in each evaluation period to summarize meaningful
traffic trends, and the actual evaluation periods depended on results of the data screening.
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PERFORMANCE MEASURES

Based on the evaluation objectives of the projects, the following performance measures are proposed and
summarized inTable 32. A brief description of the data type associated with each performance measure is
also listed in the table.

TABLE 2.PERFORMANCE MEASURES AND DATA SOURCES

EVALUATION OBJECTIVE PERFORMANCE MEASURES ASSOCIATED DATA TYPE
ATC controller report$ red

#1: DETERMINE IF REIHRUNNING a) Number of red light running clearance extensions

AND/OR NEARSS EVENTS WERE REDU b) Nearmiss events The number of incidents reported
as crashes

c) Average speed and travel time

#2 DETERMINE IF THE VARIABILITY OF ) g5t percentile speed Roadway segment lengths

AVERAGE TRAVEL SPEEDS WITHIN THI _ Weekday PM peak houtyavel

212/224 CORRIDOR IMPROVED €) Buffer index speed/time at 5-minute intervals
f) Planning time index

#3: DETERMINE IF THE IMPROVEMENT! _ Roadway segment lengths

AFFECTED AVERAGE TRAVEL SPEEDS ¢) Average speed and travel time Weekday PM peak hour, travel

THE OR 212/224 CORRIDOR speed/time at 5-minute intervals

#4: DETERMINE IF THE g) Qualitative Ass

Individual signal system operators

ATSPM6 S WERE USEFUL as OHigho, oOModer a
and manager assessments

MANAGING CORRIDOR OPERATIONS O0Not Useful 6.

#5: DETERMINE HOW THE AVAILABILIT Signal maintenance logs
ATSPM86S CHANGE THE h) Detection Outage Response Times  on hoard signal diagnostics and
DETECT OUTAGES high resolutions signal data

Additional considerations in using these performance measures in the before and after evaluation are
described in the following sections.
A) NUMBER OF REEHT RUNNING ACTIVITIES

The number of redight running activities was to be used to measure the safety goal. However, video
analytics were not deployed in the before condition so before and after data could not be collected. DKS
used crash data to assess safety and evaluated pba termination data to evaluate red light running risk.

B) NUMBER OF NE®WSS EVENTS

Similar to the redlight running activities, the number of neamiss events was to be used to measure the
safety goal. Video analytics were not deployed so before and after data could not be collected. Instead, crash
data was analyzed as a substitute indator.
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C) AVERAGE TRAVEL SPEED

Average travel speed is used to measure the effectiveness of the mobility goal, specifically for
the weekday evening peak hour. DKS evaluated the data fosn-holiday weekdayMondayd Friday), during
the hours of3-6 p.m., and determined themost appropriate 60minute period for the evaluation.

D) 98HPERCENTILE TRAVEL TIME

Similar to the average travel time, the 95th percentile travel time will aggregate data for the same time
period, and report the metric for nofholiday weekday (Monday Friday), during the peak 6@ninute period
within the hours of 36 p.m.

The 95n Percentile Travel Time is a measure of how bad travel times will be on the heaviest travel days, on
95 days in 100 the motoristds travel time wil!/| be |

E) BUFFER INDEX AND F) PLANNING TIME INDEX

Buffer Index and Planning Time Index will be calculated based on the average travel time flee travel
time, and 95 percentile travel time. Therefore, these metrics will also be reported for the same peak 60
minute period.

Average travel speeds are used to measure the effectiveness of the mobility goal, specifically for the
weekday evening peak hour. DKS evaluated the data fuwn-holiday weekdayMondayd Friday), during the
hours of3-6 p.m., and determined themost appropriate 60minute period for the evaluation.

The buffer index ighe extra buffer that travelers would need to add to their average travel time when
planning trips to ensure on time arrival. It is computed as thfference between the 9% percentile travel
time and the average travel time, divided by the average travel time.

The planning time index is the total travel time that should be planned when an adequate buffer time is
included over the freeflow speed.

95t Percentile Travel Time, Buffer Index and Planning Time Index are all measures of travel time reliability.

G) INTERVIEW DATA

This is a qualitative assessment of ATSPM&6s by oper
operations, and management of signals were to asses
Minimal or Not Useful.

One virtual interview was conducted that included Region 1 and Headquarters Signal Timing staff. Follow up
discussions were held with Region &taff on the specifics of how they used ATSPMs.

H) DETECTOR OUTAGE RESPONSE TIMES

The measure will be the difference in time between when the outage is detected vs. responded to. The
response time will comprise two factors. One is the length of time necessary to detect the outage. The
second is the length of time necessary to addressdioutage.
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OTHER DATA SOURCES (ATSPM)

The team used a variety of ATSPM data for analysis. The list of performance measures relevant to the
analysis, a brief definition, and how it was used is shown Trable 33.

TABLE 3:ATSPMS

of Transportation

ATSPM

DEFINITION

HOW IS IT USED

VEHICLE ACTUATIONS

The detection of vehicles passing through

a detection zone (detector) that triggers a
change in the traffic signal timing.

The number of vehicle actuations would be used to
identify anomalies in detector health. For instance, lov
numbers of actuations during the peak period may
indicate a detector issue.

PHASE TERMINATIONS

Thereason a traffic signal phase changes
from green to red (or from active to
inactive). These reasons can includgap-
out, max-out, force-off, or a skip.

Compared phase terminations with dilemma zone date
to evaluate the potential for red light running
reduction.

When a traffic signal phase fails to serve

A tool to identify problems at an intersection that may

SPLIT FAILURE all of its demand within a single cycle. be caused by detector failure.
An alarm provided to the user when the
DETECTOR ALARM detector is operating outside preidentified Evaluate how detector alarms helped staff respond to
detector outages.
parameters.
The ratio of time a detector is occupied
DETECTOR OCCUPANCY (i.e., has a vehicle presence) to a specific A tool for diagnosing detector failures.

time period.

DILEMMA ZONE ACTUAT

The number of times a detection device
was activated because the approach
speed of the vehicle andhe timing of the
signal phase was such that a vehicle
could not safely stop before the stop line
or proceed through the intersection
during the amber interval.

A tool to understand the red light running potential at
intersections.
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DATA COLLECTION APPROACH

DATA TYPES AND SOURCES

Table 34 summarizes the data sources and how they will be acquired for each data type identified above.
The collection process will be a collaboration between the consultant and ODOT.

TABLE 8.DATA SOURCES

DATA TYPE DATA SOURCE RESPONSIBLE PARTY
HIGHWAY SEGMENT LENGTHS Google Earthor GIS DKS

INCIDENT LOGS ODOT dispatch system DKS/ODOT
SPEED/TRAVEL TIME INRIX data via RITIS DKS

QUALITATIVE SURNEERVIEW) Interview with ODOT DKS

SIGNAL MAINTENANCE LOGS ODOT DKS/ODOT

ON BOARD SIGNAL DIAGNOSTICS ANI

RESOLUTION SIGNAL DATA oboT DKS/ODOT

DATA PROCESSING AND REVIEW

This section summarizes data quality, processing, amdmpleteness checks performed for each data
source.

ROADWAY SEGMENT LENGTHS

Segment lengths will be taken from the GIS shapefile matching the INRIX XD data segments and will be
verified using Google Earth. Highway segment lengths may include mainline segments and ramp or
connector links if needed. Segment lengths may be aggregatadd consist of multiple INRIX XD segments.

INCIDENT LOGS

Incident datawas requesteddirectly from ODOIncident datawas reviewed to ensure that theravereno
outliers, and all datawasrecorded as expected. DK&orkedwith ODOT to understand any potential
discrepancies in the data before using it for analysis.

DKS identified incidents that were coded as crashes. The crash data was used as a surrogate fofigat
running and nearmiss data. The team further refined the data to evaluate crashes within 200 feet of
signalized intersections to increase the likdibod of identifying crashes related to traffic signals. While the
crash evaluation is not a perfect surrogate for relight-running and near misses, it is likely that they are
correlated. That is if thereare fewer crashes there are likely to befewer red-light-running and near miss
incidents.
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SPEED AND TRAVEL TIMES

DKSdownloadedtravel time and speed data from RITIS which contains INRIX segressged speed data.

The higher resolution XD segmentsere used for this analysis. Note that INRIX updates its XD segment map
twice a year and care should be taken to use the same map version and segmentation for both before and
after time periods. INRIX datavas downloaded in fiveincrements based on the list of study segments to be
used in the analysis.

INTERVEW DATA

The team completed arinterview ofsignal system operators, managers and timing staffhe interview was
gualitative in nature and aggregated subjective assessments.

SIGNAL MAINTENANCE LOGS

Thisdata was from ODOTraffic signal and ITS database called MicroMaiit provided the time spanfrom
when the maintenance crew was notified of the detector failure to when the detector was repaiikithe call
was recorded in MicroMainOutage detection and repair times can be compared before and after the
project.

ON BOARD SIGNAL DIAGNOSTICS RESGIGHION SIGNAL DATA

Automated Traffic Signal Performance Measures (ATSRM)a from signalscan be requested directly from
ODOTand will providedata on how ODOT staff troubleshoot detector outages remotely. It also is used to
determine phase termination as a surrogate safety measure. Additionally, a component of ATSPM capability
includes dilemma zone actuatiordesigned tocapture the safety and operational challenges at signalized
intersections, particularly for vehicles approaching during the yellow phase.

DATA ANALYSIS

TRAFFIC INCIDENTS

In the year from July 2021 through June 2022 there were 50 incidents in the OR 212 segment and 68
incidents in the OR224 segment that could be characterized as crashes. In the after period, there were 44
and 47 respectively. These are shown ifiable 35 and Table 36. In addition, the number of incidents that
were within 200 feet of the improved signalized intersections for the before and after period are shown in
Table 37 below.

The DKS teamed compiled all recorded incidents that were coded in the Incident Response system as
crashesODOTds I ncident Responders and Dispatchers have
for reporting incidents as crashes. Incident reports should be consistent across the time frame of the report

as the procedur es hav e n datecrashes thay eglired anlineestigatidnéor cat ego
reasons other than a fatality, crashes where a motorist struck an animal, such as a deer and crashbsre

the motorists damaged ODOT property such as a signpost or guardrail.
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OR 212 saw a decrease in the number of incidents (12% decrease) showiT able 35 below.

OR 224 saw a large decrease in the number of incidents (30.9% decrease). Although there was a decrease
in the number of incidents, the after period recorded a fatal crash on the corridor. The large percentage
increase in fatal crashes is a result of the maber of fatal crashes increasing from 0 to 1. These results are
shown inTable 36 below.

Incidents at the signalized intersections increased at OR 212 by 5 incidents. Conversely, the incidents at the
signalized intersections at OR 224 decreased by 9.

TABLE 8.0OR 212 BEFORE AND AFTER INCIDENTS

INCIDENT RATE
NO. OF NO. OF PERCENTAGE INCIDENT RATH
CHANGE INTHI  (PER 100 (PER100  INCIDENT RATE
INCIDENT TYPE  |NCIDENTS INCIDENTS NO. OF MILLION VMT) MILLION vMT) PERCENTAGE
(BEFORE) (AFTER) INCIDENTS  (BEFORE) (AFTER) CHANGE
CRASH 49 42 -14.3% 45.1 42.1 6.65%
FATAL CRASH N/A N/A N/A N/A N/A N/A
OTHER 1 2 100% 0.92 2.01 54.2%
TOTAL 50 44 -12.0% 46.0 44.1 4.13%

TABLE 8.0R 224 BEFORE AND ANTHBENTS

INCIDENT RATE
NO. OF NO. OF PERCENTAGE INCIDENT RATI

INCIDENT TYPE allels ) - (AR LY R

INCIDENTS INCIDENTS NO. OF MILLION VMT) MILLION VMT) CHANGE

(BEFORE) (AFTER) INCIDENTS (BEFORE) (AFTER)
CRASH 67 45 -32.8% 53.2 39.9 -25%
FATAL CRASH 0 1 100% 0 0.89 N/A
OTHER 1 1 0 0.80 0.89 10.1%
TOTAL 68 47 -30.9% 54.1 41.7 -22.9%

TABLE B.INCIDENTS WITHIN 200FT OF SIGNALIZED INTERSECTIONS
OR212 (BEFORE) OR212 (AFTER) OR224 (BEFORE) OR224 (AFTER)
22 27 40 31
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PAIREDTEST

DKS performed a paired dest to understand the statistical significance of the reduction in crashes at the
intersection. The team mapped before and after crashes at the individual signalized at eaclhef 22
intersections.

The crashes ar e s howRiguieB8l. At mestiniebsectiohsghe thangeimcaashes is n
relatively small (1 or 2) crashes. There was a reduction of 7 crashes at Johnson Road and a reduction of 6
crashes at 135th Avenue. There was an increase of 14 crashes at8Drive.

In the before period, Johnson Road had the greatest number of crashes, 16. In the after periodd&ive
had the greatest number of crashes.

Crashes at Improved Signals
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FIGURE B.CRASHES AT SIGNALIZED INTERSECTIONS BEFORE AND AFTER
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The team then completed a paired-Test to understand the statistical significance of the changes in the
number of crashset. The results for the paired-test are shown inTable 38.

TABLE 8.PAIREDTEST RESULTS

MEASURE BEFORE CRASHES AFTER CRASHES
MEAN 2.82 2.64
VARIANCE 15.77 12.72
OBSERVATIONS 22 22
PERASON CORRELATION 0.45

HYPOTHESIZED MEAN DIFFERENCE 0

DF 21

T STAT 0.22

P(TOFALONE 0.42

T CRITICAL OWEL 1.72

P (TOTAL TWO 0.83

T CRITICAL TIMaL 2.08

The low tstatistic and the relatively high P values lead the team to conclude that there is significant
uncertainty in the data. At this point, it is not clear whether the reduced number of crashes is related to the
intersection treatments or random varihility in the data. Before and after crash Data over a longer period of
time will be required to determine the efficacy of the treatments.

TRAVEL SPEED/TIME
Table 39 shows the time periods the data was collected for OR 212. The length of the corridor is 3.13 miles.

TABLE 3.DATA COLLECTION PEBVIEEKDAYS 3:508%60 P.M. PEAK HOUR

SEGMENT DATE
BEFORE 7/1/202 1 to 6/30/2022
AFTER 7/1/2023 to 6/30/2024

For OR 212 Eastbound, free flow and average speed increased. Free flow and average travel time decreased
as a result of the increased speeds. 9% percentile speed decreased. The 95th percentile travel time

increased as did the buffer index and the planning time index. For eastbound traffic reliability worsened in

the PM peak.
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For OR 212 Westbound, free flow and average speed increased. Free flow and average travel time

decreased similarly. 9% percentile travel speed increased, 95 travel time decreased as did the buffer
index and the planning time index. For westbound traffic, average speed, travel time, and reliability

improved in the PM peak.

The travel speed and times for OR 212 are shownTrable 310.

TABLE 30: OR 212 SPEED AND TRAVEL TIME

FREE O5TH
AVERAGE Gl FREE FLOW AVERAGE
SFIL_I(E)I\EAIID SPEED PERCENTILE TRAVEL TIME TRAVEL TIME 'I?RI'E:\S::LN:II:III\I;IEE BIE'I;'I:EI;R TF:II\_/IAENI’;II;‘SX
(MPH) (MPH) SPEED (MPH) (MIN) (MIN) (MIN)
L
5
EB Lulj 35.39 21.73 33.30 5.30 8.64 11.21 0.30 2.11
[a)
i
E 37.09 21.93 32.70 5.06 8.56 11.34 0.32 2.24
L
S
WB o 37.62 30.14 35.52 4.99 6.23 7.46 0.20 1.49
[a)
o
L
E 38.64 31.00 37.20 4.86 6.06 7.16 0.18 1.47

OR 212 eastbound average travel times decreased by less than 1%, and westbound travel times decreased
by 2.7%. The 98 percentile travel times have also decreased for westbound and increased for eastbound.
Buffer Index and Planning Time Index increased for eastbound and decreased for westbound traffic.
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Figure 32 and Figure 33 show the changes in speeds and travel times respectively. These are the same
values asTable 3.10but shown as a histogram for comparison of the relative differences.

OR 212 ARTERIAL CORRIDOR SPEED

45
40

35
3
2
2
1
1

Free Flow Speed (MPH) Average Speed (MPH) 95th Percentile Speed (MPH)
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FIGUREZ.0R 212 ARTERIAL CORRIDOR SPEED

OR 212 ARTERIAL CORRIDOR TRAVEL TIME
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0 IIII IIII IIII

Free Flow Travel Time (min) Average Travel Time (min) 95th Percentile Travel Time (min)
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FIGURE 3.0R 212 ARTERIAL CORRIDOR TRAVEL TIME
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The percentchanges in the average and 95 percentile travel times and the buffer and planning indices are
shown below inTable 311.

TABLE B1: PERCENT CHANGE IN OR 212 TRAVEL TIMEA AND RELIABILITY

% CHANGE

% CHANGE AVERAGE % CHANGE % CHANGE PLANNING
TRAVEL TIME 2Rl PER%EA"éT'LE LR BUFFER INDEX TIME INDEX
EASTBOUNEC 0.9% 1.2% 6.7% 6.2%
WESTBOUNI 2.7% 4.0% 10.0% 1.3%

It is possble that free flow travel speeds increased and free flow travel times decreased because of
improved signal coordination and operations. There were nbanges to roadway geometry that would have
influenced free flow speeds. The speed limit on the highway did not change.

Table 312 shows the time periods for the data collection. The length of the corridor is 4.26 miles.

TABLE 82: DATA COLLECTION PERNHEKDAY'S 3:508%60 P.M. PEAK HOUR

SEGMENT DATE
BEFORE 7/1/202 1 to 6/30/2022
AFTER 7/1/2023 to 6/30/2024

OR 224 eastbound had an increase in free flow speed, but a decrease in average speed. As a result
average travel times increased. The 9bpercentile speed increased. All of the reliability measures
worsened as well.

For OR 224 westbound, the free flow speeds increased slightly, but the average speed decreased. The
average travel time increased as a result. The 9%ercentile speed decreased. The 95th percentile travel
time, the buffer index and the planning time index all increased slightly. The results are showmable 313.
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TABLE 33: OR 224 SPEED AND TRAVEL TIME

FREE 95TH
AVERAGE 95TH FREE FLOW AVERAGE
SFI!’-I(E)I‘EAIID SPEED PERCENTILE TRAVEL TIME TRAVEL TIME 'I?FIKEARS:LN:II'—III\IJIIIEE BIE'I;'I:EI;R TlDIIl\_/IAIENI’;I\III;lSX
(MPH) (MPH) SPEED (MPH) (MIN) (MIN) (MIN)
1]
5
EB h 44.03 31.45 37.86 5.80 8.13 10.16 0.25 1.75
1]
i
E 44.41 30.28 38.03 5.75 8.44 10.76 0.27 1.87
]
5
WB Lu'] 42.68 34.68 38.49 5.99 7.37 8.12 0.10 1.36
m
i
E 42.75 34.29 38.37 5.98 7.45 8.28 0.11 1.39

Figure 34 and Figure 35 show the changes in speeds and travel times respectiveljhese are the same
values asTable 3.13but shown as a histogram for comparison of the relative differences.

OR 224 ARTERIAL CORRIDOR SPEED

Free Flow Speed (MPH) Average Speed (MPH) 95th Percentile Speed (MPH)

50
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FIGURE 4.0R 224 ARTERIAL CORRIDOR SPEED
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OR 224 ARTERIAL CORRIDOR TRAVEL TIME
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FIGURE 2.0R 224 ARTERIAL CORRIDOR TRAVEL TIME

The percentchanges in the average and 98 percentile travel times and the buffer and planning indices are
shown below inTable 314.

TABLE 34: PERCENT CHANGE IN OR 212 TRAVEL TIME AND RELIABILITY

% CHANGE
% CHANGE AVERAGE % CHANGE % CHANGE PLANNING
TRAVEL TIME Rl PER%EA"ET'LE LR BUFFER INDEX TIME INDEX
EASTBOUNEL -3.8% -5.9% -8.0% -6.9%
WESTBOUNI 1.1% 2.0% -10.0% 2.20%

The free flow speeds on OR 224 increased slightly. Average travel timeth @&rcentile travel time, buffer
index, and planning time index worsened for both eastbound and westbound directions.

OR 224 Arterial Corridor Speed shows that average speed has increased, free flow speed has decreased,
and the 95 percentile speed has remained at comparable values. OR 224 Arterial Corridor Time displays a
slightly increase free flow travel time, and a decrease in average travel time andh9iercentile travel time,
suggesting that the vehicles entering the corridor are getting through the intersection faster.
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DETECTOR OUTAGE AND RESPONSE TIMES

ODOT uses a combination of methods to detect and respond to detector outages. They have an asset
management database tool called MicroMain to track work orders for traffic signals and ITS devices

MicroMain is not universally used by all staff involved in traffic signal maintenance and operations, so the
database is not complete. ODOT staff also use ATSPN
ATSPM6s is described bel ow.

MICROMAIN

As noted above, ODOT uses a database tool called MicroMain to track ITS and traffic signal maintenance.

When a device fails or needs maintenance a ticket is created in MicroMain. Tickets may be created by
maintenance technicians or dispatchers in the traqmrtation operations center. Unfortunately, this system
doesndt completely track maintenances requirements.
For instance, if signal operations staff identifies a potential issue with detection, the operatoay contact a

signal maintenance electrician directly who would resolve the issue. The call may not be entered in

MicroMain. The detector outages in MicroMain are more likely to come from external calls such as the

public, law enforcement and local publievorks employees.

Detector outages are shown iffable 315 displaying the date and time a ticket was created for an outage

and the completion date and time when the outage was repaired. The amount of time in days it took to
address the repair is also shown. The outages in the table were parsed by the team and icored that

outages occurred due to detector failure. These incidents were detected by users of the roadway, testing the
cabinets, and local law enforcement.

Detector response times vary widely along the two corridors in both the before and after period. Repairs
range from half a day to complete to over one year. The after period is observed to have fewer incidents of
detector outages. The cause of the decreasmuld be that there have been less outages on the corridors, or
that they are not being recorded in MicroMain when electricians identify the issue.

It is important to note that there are two components of detector outage and response times. One is the time

it takes to detect the outage, and the second is th
would help with the identification of degctor outages. They would not help with the response times. The
response times are | imited by the staffing constrai
staff.
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TABLE 35: DETECTOR OUTAGE AND RESPONSE TIMES
Before Period (7/1/2021 - 6/30/2023)
ITEM_ CodelTEM Name Time to Complete (days) |CREATED DateCOMPLETED Dat
2B064 TS OR212 @ 82nd Dr MP05.03 12.0 7/1/2021 7/13/2021
2B053 TS OR224 (Milwaukie Expressway) @ Edison St MP01.32 11.6 7/21/2021 8/2/2021]
2B056 TS OR224/0R212 @ Rusk Road MP2.72 0.5 8/19/2021 8/20/2021
2B054 TS OR224 (Milwaukie Expressway) @ Freeman Way MP01.90 33.1 3/17/2022 4/19/2022
2B063 TS OR224 (Milwaukie Expressway) @ Lawnfield Rd MP04 .66 61.7] 2/16/2022 4/19/20272
2B049 TS OR224 (Milwaukie Expressway) @ Harrison St MP0.68 143.4 1/29/2022 6/22/2023
2B064 TS OR212 @ 82nd Dr MP05.03 378.9 7/20/2021 8/3/2022
2B064 TS OR212 @ 82nd Dr MP05.03 103.0 4/22/2022 8/3/2022
2B055 TS OR224 (Milwaukie Expressway) @ Lake Road MP02.3§ 262.1 3/25/2022 12/12/2023
2B064 TS OR212 @ 82nd Dr MP05.03 17.8 1/20/2023 2/7/2023
2B068 TS OR212 @ Evelyn 102nd MP05.47 38.5) 1/7/2023 2/15/2023
After Period (7/1/2023 - Present)

2B065 TS OR212 @ SE 122nd/OR224 MP6.56 Clackamas 0.6 11/14/2023 11/14/2023
2B054 TS OR224 (Milwaukie Expressway) @ Freeman Way MP01.90 121.7 8/27/2023 12/27/2029
2B069 TS OR212 @ Fred Meyer MP06.20 42.9 11/14/2023 12/27/2029
2B054 TS OR224 (Milwaukie Expressway) @ Freeman Way MPO1N® 8/15/2023N/A

2B054 TS OR224 (Milwaukie Expressway) @ Freeman Way MPOINI@\ 9/4/2023 N/A

The sample size is very small, but the detector outage times are reduced in the after period. This indicates
that outage times are reduced.

Because of the relatively small sample size, DKS worked with ODOT staff to assess how they use ATSPMs to

diagnose and respond to detector outages.

USE OF ATSPMS FOR DETECTOR OUTAGE

The DKS team discussed with ODOT signal operations staff the use of ATSPM data to determine when there
are potential detection issues such as outages. Signal operations staff described their process.

ODOT staff will receive a complaint from the field or receive an alarm. The complaint could come from the
public emergency responders, local agency staff or ODOT staff. The signal operations staff will review the
signal on the Kinetics Screen. Kinetics ithe central signal system softwarekigure 36 shows an example of

the screen.
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Signal Name: 2B065: OR224@1 22nd Express Way:

FIGURE @ EXAMPLE KINETICS SCREEN

The staff will look at the detector tools including looking fatarms. They will begin troubleshooting to
determine if the problem is detector based or might be operational. They may ask signal maintenance staff
to replace cables or reset detectors.

The screen shot shown ifrigure 37 would note whether a detector alarm was activated or not. The fix could
be simple or complex. The specific type of alarm is shown at the bottom of the figure. No Activity means that
the detector is not registering any data. This could be a detector faily it could be related to a lane

closure. Max Presence on a side street likely means that the detector is failed in some way. Erratic
Activations is based on the history of activations and how current activations relate to it. Communications
might mean here is a bad DLC cable.
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The screen shot irFigure 38 shows a report that signal operations staff could use to begin troubleshooting
whether the problem is operational or detector based. For instance, if a signal is maxing out it could be
either detector or heavy traffic on a particular phase of the intersaah. If the signal is gapping out on the
mainline, it could be a detector based on the time of day. During peak periods, the signal is unlikely to gap
out on the mainline. If there are a lot of force offs, signal timing may need to be adjusted.

Do X « ©

v meviacere -

v @ Lecel T De

| v @ gun De
v @ NN B (ORILT) DeonaTes
- (021 D=
v @ CI213 et Covawatet e [De
v oo

13 Suavies toenaneyr -
B
Jeos

EEELCET = =

BLE N

SVIten Detatece

e naction 1p

Y Iereect on

TN G

ey

Lree Lyive

oo Ax Dotad Was Posten

FIGURE & ATSPM REPORT SCREEN

ODODREGON SMART MOBILITY NETWORK EXALUATIDNE 2025 51



ODOT OR 212/224 Arterial Corridor Managen

m Oregon
Department
of nsportation

Figure 39 below shows the phasdermination data of specific phases at a given signal. This helps operation
staff determine whether the signal is operating how it is supposed to, whether there is a timing issue or if
there are potential detector issues. As an example, Pattern 1 is gappiout for the side street (Phase 5). If
the side street was consistently maxing out, that might mean a detector is stuck on.

FIGURE @.PHASE TERMINATION

ODODREGON SMART MOBILITY NETWORK EXALUATIDNE 2025

PHASE PHASE 2 PHASE 3 PHASE 4 PHASE 5 PHASE 6 PHASE 7 PHASE 8
OR212@ 122nd_Sunrise_ExpressWay [Serial Cabinet]
Split Monitor
Phase S
20241202
Pattarn 2 Patan 3 Pasern 21 Patern 21 Patiam 1 Pattom 2 Paxm 3 Patem 21 F:":f: Patem Patiom 2
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Time
From To spit 85 trle Spit Average Spiit Minimum Spiit Percent Max Out Percent Force Off Percent Gap Out L
0 2024-12-02 09:12.00 2024-12-04 10.12:29 25 600000 18 15 8000000 0% 2% 70% 0%
Pattarn From To Spiit 35 Spint ge Sput Spiit Percent Max Out Percent Force Off Percent Gap Out Parcent Unknown
0 Patiern 2 2024-12-02 09:12.00 2024-12-02 13:01:24 14.000000 14 12 8.000000 0% 8% 51% 0%
1 Patlorn 3 2024-12-02 13:01:24 2024-12-02 20:01:30 25.600000 18 17 10000000 0% 18% B1% o%
2 Patiern 21 20241202 20:01:30 2024-1202 23:58:59 17.700000 " 12 8.000000 0% 0% 100% 0%
3 Patiern 21 2024-12-02 23:59:59 2024-12-03 05:15:25 18.600000 17 13 8.000000 0% 0% 100% 0%
4 Patiern 1 2024-12.03 05:15:25 2024-12.03 09:00:22 13.600000 13 13 11.300000 0% 50% 50% 0%
S Pation2 2024-12-03 09:00:22 2024-12-03 13:01:08 15.000000 14 12 8.000000 % 50% a% 0%
€ Patiern 3 2024-12-03 13,01:09 2024-12-03 20.01:27 18.600000 18 17 8.000000 0% 2% 76% 0%
7 Pattorn 21 2024-12-03 20.01:27 2024-12.03 23:59:59 16.100000 16 13 11.200000 0% 0% 100% o%
8 Pattern 21 2024-12-03 23:50.50 2024-12-04 05:15:37 16.000000 17 13 8.000000 LLY 0% a5% 0%
9 Patiern 1 2024-12-04 05:15:37 2024-12.04 09.00-26 13.600000 13 13 8.000000 0% 155 sa% 0%
10 Patiern 2 2024-12-04 09:00:28 2024-12-04 10:12:28 14.000000 14 12 10900000 0% 3% 63% 0%
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Figure 310 showsthe occupancy of detectors. Signal operations staff would use this in combination with
cabinet prints to look for anomalies in detector occupancy. For example, low levels of occupancy on a
mainline detector would be indicative of a problem. Similarly hidgavels of occupancy on a side street
approach at times of low traffic could be indicative of a problem as well. Anomalies can be identified by
looking at the time of day and expected traffic on an approach. Individual lanes or approaches may be
evaluatedby selecting only the detectors from the desired approach or lane.

VOLUME OCCUPANCY

OR212@ 122nd_Sunrise_ExpressWay [Serial Cabinet]

Detector Monitor: Occupancy
2024/12/02 08:00:00 to 2024/12/04 11:00:00 & 5 ep
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FIGURE B0: DETECTOR OCCUPANCY
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Similarly,Figure 311 below shows the average amount of time a detector is occupied during a specific time
period. This can also be used to look for anomalies in the data. For instance, low levels of occupancy on a
mainline approach may indicate a detector failure while highvels of occupancy on a side street approach
during traffic periods may indicate that a detector is stuck on.

ime
From To Average Occupancy
0 2024-12-02 08:00.00 2024-12-04 11:00-00 13.312691
From To Device Detector Average Occupancy

0 2024-12-02 08:00:00 2024-12-04 11:00.00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 1 0.441963
1 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 2 1.270752
2 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 3 1.067048
3 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabined] 4 16.743355
& 2024-12-02 08.00:00 2024-12-04 11:00.00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 5 21979357
§ 2024-12-02 08:00:00 2024-12-04¢ 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 7 £.584804
€ 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrise_ExpressWay [Serial Cabine] 8 0.729194
7 2024-12-02 08.00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrise_ExpressWay [Serial Cabinet] 9 12374129
8 2024-12-02 08:00:00 2024-12-04 11:00.00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 10 342315577
9 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpreszWay [Serial Cabinet] 11 57.576471
10 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 12 51461710
11 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 13 16.842538
12 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 14 21.929521
13 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 15 0.854303
14 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 16 1.738871
15 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrise_ECxpressWay [Serial Cabinet] 17 1.054031
16 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrise_ExpressWay [Serial Cabinet] 18 15.225490
17 2024-12-02 08.00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 19 28.423584
18 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 20 0.024455
19 2024-12-02 08.00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrise_ExpressWay [Serial Cabinet] 21 18.465251
20 2024-12-02 08.00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 22 14.163390
21 2024-12-02 08.00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 23 0.040305
22 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 24 0.137309
23 2024-12-02 08.00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 25 42977996
24 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrise_ExpressWay [Serial Cabinet] 27 20.127041
25 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 28 13.929630
26 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 29 5958170
27 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 35 13383333
28 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrise_ExpressWay [Serial Cabinet] 41 0.032843
29 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpreszWay [Serial Cabinet] 42 1.910512
30 2024-12-02 08.00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 45 0.052560
312024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrise_ExpressWay [Serial Cabinet] 46 2.455247
32 2024-12-02 08.00:00 2024-12-0¢ 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 49 27.177070
33 2024-12-02 08.00:00 2024-12-04¢ 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 50 1.381863
34 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 51 26.813072
$5 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 52 1.607898
36 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 53 31.167157
37 2024-12-02 08.00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 54 1.341939
38 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpressWay [Serial Cabinet] 55 15.629684
39 2024-12-02 08:00:00 2024-12-04 11:00:00 OR212@ 122nd_Sunrize_ExpreszsWay [Serial Cabinet] 56 0.311275

FIGURE Bl: AVERAGE DETECTOR OCCUPANCY
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Figure 312 and Figure 313 show more detailed phase termination data. Again, this can be used to look at
specific phase and time of day to determine if there are anomalies in the data and whether those anomalies
might be detection based or operational. For instance, if the phase walsvays terminated by a pedestrian in
Ssuburban area, that may indicate that the pedest
Max Outs at low volume periods may indicate that a vehicle detector is stuck on.

OR212@ 122nd_Sunrise_ExpressWay [Serial Cabinet]

Phase Termination Report
2024/12/02
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FIGURE B: PHASE TERMINATION REPORT
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signal operations staff indi

cated

is a detector outage. Rather the reports provide an overall picture that helps determine whether an issue
might be detector outage or some othewperational problem.

The staff does believe that the use of ATSPMs supports improved troubleshooting. It is difficult to make a
guantitative assessment of the improvement because there is no data collected (either before the
implementation of ATSPMs or after) on the amount time it takes to determine if there is a detector outage.

DILEMMA ZONE ACTURHTIECTION

ODOT staff provided DKS with 14 days of radar dilemma zone actuation counts from five of the signalized
intersections along the study corridor. These intersections are along OR 224 and SE Webster Rd, SE
Pheasant, SE 8% Dr, SE 130" Ave, SE 138 Ave, and SE 14% Ave. The locations of the intersections are
shown inFigure 314.

The dilemma zone data is helpful in understanding how the dilemma zone detection system might lead to
reduced red light running, by assessing how frequently the system is activated.
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FIGURE B4: DILEMMA ZONE INTERSECTION DATA LOCATIONS (CIRCLED INSTERSECTIONS)

The dilemma zone occurs when a vehicle approaches an intersection during the yellow phasedaiwr
behavioris uncertain whether to stop or proceed through the intersectioRarticularly for highways such as
the OR212/224 corridor, the dilemma zone is most commaly activatedby vehicles traveling at higher
speeds To understand driver behavidoetween the five intersections, the provided actuation data was
analyzed with descriptive statistics and also through GIS spatial analysis to compare and contrast
differences.

The dilemma zone detection system is dynamic. The radar unit assesses the size and speed of approaching
vehicles at a range of 600 to 900 feet from the stop bar. Based on the size and speed of the approaching
vehicle, the system would make a call to the otroller. (Larger vehicles, would be assumed to be trucks with
a longer stopping distance.) The system would prevent the signal from gapping out for that phase but not
forcing off or maxing out. Unfortunately, there was only one output file for the data,taucks and cars are
counted together.

Actuation data provides date, time, and total count of actuations in the dilemma zone per-tinute

intervals. Additionally, it includes direction of intersection travel, phase of signal, and signal cycle behavior
such as gap out, max out, and force off.df broader purposes, only east and west bound traffic that

coincides with OR224 were analyzed, phases 2 and 6 respectively, various phasing of side streets were not
evaluated. The total number of actuations per signal cycle (gap out, max out, force o#y), phase of travel
(east or west bound) were binned by hour to create a full 2®ur day that has been averaged across the
length of the study period. As an example, weekend activations during Saturday and Sundays for both
directions are shown irFigure 315 below at the intersection of 82d Dr and OR224, where an Interstate 205
on ramp begins.
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FIGURE B5: WEEKENED DILEMMA ZONE ACTIVATIONS ALONG OR 212/224 AND 82ND DR

Here, gap outs in orange remain relatively steady in the early morning hours. Force offs in dark blue begin at
8 a.m. and continue through to 7 p.m., indicating coordinated timing programming. Yet max outs, where a
signal reaches its maximum allowable greetime potentially because there is a steady stream of vehicles,
shows spikes particularly in the westbound direction, at 7 and 10 a.m., and 3 p.m. The 7 and 10 a.m.
dilemma zone actuations are also far greater in numbers than the rest of the averaged teoar direction of
travel.

Weekday dilemma zone actuations were observed to be much higher gener&igure 316 visualizes this
spatially across all of the intersections by showing the total number of actuations per weekend and per
weekday, by direction of travel. Total actuations are binned according to the range in the data from least to
highest, creating three bakets (small, medium, large).

Even with both west and east bound directions combined during the weekend periods (seen in purple), the
number of dilemma zone actuations is far lower than during Monday through Friday in either direction for
any of the five intersections studied. Countsra comparable during weekdays for both directions with the
exception of SE 13® Ave and SE 14® Ave, where there are fewer dilemma zone actuations for east bound
travel lanes.
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USEFULNESS OF ATSPMOG6S

INTERVIEW BACKGROUND

To identify how Automated Traffic Signal Performance Measures (ATSPMs) are utilized for OR 212/224

Arterial Corridor Management, the Consultants met with signal operations staff rad OT6s Regi on 1
interviewed them regarding their use of ATSPM6s. Th

The questions were designed to determine who within
agency had to exert to use ATSPMd6s, the results of
processes.

The interview results are summarized below.

USE OF ATSPMOS

The users of the ATSPMs were signal timers and performance management staff. The metrics were used in
the assessment and modification of signal operations. ATSPMs were used weekly, usually when they get
citizen calls. Before ATSPMs, the attendees answertndt signal operation assessments happened monthly.
The performance measures used were Split Monitor, Pedestrian Delay, Turning Movement Counts, Arrivals
on Red, and Yellow and Red Actuations. ATSPMs were also being used to respond to citizen callsgfdakp
events, real time operations, and before/after studies.

LEVEL OF EFFORT

Interviewees answered that it was easier and more efficient to use ATSPMs versus traditional methods.
efficiency of the ATSPMs implies significant saving of time/resources assessing and reporting signal
operations.

RESULTS

Attendees answered positively about the results of usidgl SPMs. Operational objects were aligned with
ATSPM metrics and reports. They were able to assess the effectiveness of ATSPMs due to the information
either being in pdf or excel format. Attendees were assessing/reporting signal operations more frequently

with ATSPMs than with previous methods. The use of ATSPMs has allowed the agency to improve their ability
to report on existing measures with visualization of specific phases.

PROCESSES

The agency has no official process or policies on how to use ATSPMs. They have developed new best
practices and have replaced previous practices. The use of ATSPMs has not led to any process changes.
They have been able to change the way they document aagjoperations and now show coordination
diagrams for the electricians, red light running, and traffic volumes. Additional performance measures have
been adopted due to the use of ATSPMs.

SUMMARY

Region 1 staff report that they have used ATSPMO6s t
use of the data is reactive in response to complaints, and they are still looking to improve the use of
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ATSPMO6s in their internal processes. They did note
l ed to overall i mprovement. Staff have |l inked their
Traffic Section has developed.

Staff in Region 1 did not describe the use of ATSPMs to determine if there was a detector outage in the
interview, but did describe the process in subsequent discussions. This is an indication that they are growing
in their ability to use ATSPM data andtiggrate into their processes.

INSTALLED RADAR DETECTION
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BENEFIT/COST

DEVELOPMENT OF BENEFIT/COST

Benefits were developed from the safety and delay impacts to the project. Costs were determined by the
project development and construction cost of the project. The goal of this effort was to develop conservative
order of magnitude benefit cost informatiorfirom data that was already collected and with little additional
analysis.

For instance, the benefits of reduction in delay area applied only to the PM peak period because that was
what the project team analyzed per the project evaluation plan. Additional benefits would accrue from the
AM peak periods, or any other time congestis thresholds were exceeded, and the system was activated.

Annual operational costs were not included because relative to tB2.8 million capital cost, changes in
operational costs would be relatively insignificant.

BENEFIT OF REDUCTION IN DELAY

The team developed the monetary value of the reduct

Travel Estimates. The latest version of this report was published in February 2025. The costs were applied
to the reduction in average travel time during the peak period from 3 PM to 6 PM on weekdays.

The annualized cost of the increase in delay was $67,000able 316 shows the annualized cost of the
increase in travel time. The increased costs are shown as negative benefits.

TABLE 36: REDUCTION IN DELAY

ANNUAL BENEFIT OF ANNUAL BENEFIT OF ANNUAL BENEFIT OF
DIRECTION REDUCTION IN DELAY REDUCTION IN DELAY REDUCTION IN DELAY
(OR 212) (OR 224) (COMBINED)
WESTBOUND $99,400.28 -$61,859.57 $37,540.71
EASTBOUND $78,442.93 $182,448.77 -$104,005.84
TOTAL $177,843.21 $244,308.34 $66,465.13

Thelimitations of the benefit/cost analysisare that safety improvements at traffic signals may come at the
expense of operational efficiency, leading to increased costs. Fostance, dilemma zone extensions
designed to reduce redight running could impact the efficiency of a traffic signal draffic system

Additionally, the analysis focused on evaluating PM peak period travel times. Signals operating near capacity
during the PM peak may have limited potential for operational improvements through Automated Traffic

30DOT Transportation Development Division Planning Section,
Esti mates, 6 February 2025
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Signal Performance Measures (ATSPMs). However, ATSPMs could be more effective in optimizing signal
operations during the AM peak or offeak periods

BENEFIT OF REDUCTION IN CRASHES

Safety benefits were derived from the crash or incident reduction in the project limits. While crash severity

data was available, the relatively short time frame where crash data is available in the after period, it was

decided not to rely on the severitgata. The team assumed that all crashes were property damage only and
assigned an economic value to the crash of $24,800. This is the value that ODOT has developed in a memo
titled oUpdated Crash Co4dnAsgudt2023. Hi ghway Safety Anal

Theteam also compared incident data as well. Similarly, only the overall reduction in incidents was reviewed
and it was assumed that all crashes were property damage only for the purposes of calculating benefits.
Table 317 shows the costs of crashes based on incidents reported as crashes and reported crashes.

TABLE 37: BENEFITS OF CRASH REDUCTION

REDUCTION IN REDUCTION IN

CRASHES SIGNAL CRASHES SIGNAL CRASHES nggbgﬁgﬁ” COST PER CRAS} TOE’E',;IQ';‘#UAL
(OR 212) (OR 224)
CRASHES 5 9 4 $24.800 $99.200

The total benefit in the reduction in the cost of crashes is $99,200.

TOTAL BENEFITS AND BENEFIT COST

The total annual benefit of the reduction in delays and reduction in crashes is approximately $32,735. The
total costs of theproject were $2,800,000. The service life of these ITS devices was assumed to be 10
years. The total discounted benefits of the reduction in delay and reduction in crashes is $1,352,531.

The team followed USDOT guidance by using the spreadsheet tool from the online Benefit Cost Analysis
Guidance (2025 Update). As noted, the team used ODOT values for the cost of crashes and the value of

travel time. The team assumed that maintenance and epations costs were $0. It would be very difficult to
calculate the difference in cost for maintenance an
ATSPMs now. Using USDOT guidance a discount rate of 3.1 percent was applied to both the safetynae

travel savings benefits for each of the 10 individual years following the completion of the project.

This results in a Benefit/Cost Ratio of 0.46 and a net present value €f1,662,602 . Table 318 shows the
Total discounted benefits, costs, net present value, and the benefit cost ratio as discussed above.

4Zhao, Jiguan Ph.D, P.E., ODOT Traffic Roadway Section oUpdatec
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TABLE 38: BENEFIT COST RESULTS

TOTAL DISCOUNTED BENE  TOTAL DISCOUNTED COS NET PRESENT VALUE BENEFIT COST RATIO

$1,352,531 $2,916,823 $1,564,292 0.46

While the project does not provide a benefit/cost ratio over 1.0, the project does offer a number of

gualitative benefits. The project enables automated data collection along the corridor, streamlining travel
time and speed studies and signal timing adjustients. Some of the features added to the signals in the
corridor such as dilemma zone detection and extensions are likely to reduce red light running at the expense
of travel times.

FINDINGS

ASSESMMENT OF OVERALL BYSFEMMANCE

The following section summarizes the answers to the evaluation question.
Are redlightrunning events and/or nearmiss events reduced?

While it is not possible to definitively say whether réight running events and/or neasmiss eventswere
reduced, crashes at signalized intersections were reduced in the after condition slightly. It is likely that some
of the crash reduction was based on reduced rdajht running. It is also likely that neamisses are highly
correlated with crashes so sar-misses were likely reduced.

The use of video analytics would be able to identify red light running and near miss events. These could be
completed in conjunction with changes to signal operations. In addition, a full assessment of before and
after crash data would show changes in csh type or severity.

Is the variability of travel speed within the OR 212/224 corridor improved?

The variability of travel speed as measured by the 9%ercentile Speed, Buffer Index and Planning Time
Index improved in some cases but worsened in other cases. On OR 212 eastbound all measures showed
improvement. On OR 212 westbound all measures worsened. OR 224 all measures worsened although
some ofthecanges were very minor. Overall reliability

Do the improvements affect average travel speeds within the OR 212/224 corridor?

Average travel speeds increased on OR 212 in both directions in the PM Peak period. This increase in travel
speeds resulted in a cumulative decrease in travel time of 0.25 minutes when the eastbound and

westbound travel time decrease was added together. érage travel speeds on the OR 224 portion of the
decreased in both directions in the PM peak period. This decrease in travel speeds resulted in a cumulative
increase in travel time of 0.39 minutes when the eastbound and westbound travel time increase walkled
together.

How useful are ATSPMds for monitoring and managing
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Currently ODOT staff are using ATSPMs to improve signal operations. The data is feeding Power Bl reports
that are used to address signal timing concerns. Review of signal operations is still generally reactive, and
complaint driven rather than proactive.

As ATSPMés are more fully integrated into the ODOTS®
their use, managing corridor operations will improve. Staff do see efficiency gains particularly on
troubleshooting. Theyanremotely log on to view performance measures and begin to address issues.

Figure 317 shows an example of a Power Bl report used by ODOT for ATSPMs. The example shows split
failures at a specific traffic signal.

Set Chart X-Axis

Time of Day (15-Minute)

Group Charts By:

& 2025 TomTom, ® 2025 Microsoft Corporation  Terms

Before & After Averages
Split Failures

®Before ® After
2B061 OR224 @ OR213 SB Offramp/1-205 SB onramp 2B062 OR224 @ 1-2055B offramp/ OR213 NB onramp

400

2B064 OR212 @ 82nd Drive

6:00 AM 12:00 PM 12:00 AM 6:00 AM 12:00 PM
Time of Day (15-Minute) Time of Day (15-Minute)

FIGURE B7: POWER Bl REPORT

Additionally,Figure 318 provides a clear visualization of typical split failur&hereis a significant spike in
split failures between March 27 and April 6, most prominently in Phadeand 2, followed by sustained high
levels through late April. This abrupt increase suggests a potential operational issd@ch may be causing
an excessive number of max outs, preventing proper phase termination.
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FIGURE B3: POWER BI SPLIT FAILURE

How does the availability of ATSPMd6s ZThange the
The sample size is very small, but the detector outage times are reduced in the after period.

Anecdotally signal operations staff report that they are able to identify detection outages via a combination
of user feedback and review of ATSPM data. They are also able to clarify when a complaint is not actually a
detector outage, but some other concer.

Continued use of MicroMain as an asset management tool would allow ODOT to track response and repair
time for detector outages over time. This would allow the agency to potentially understand changes in
performance or see incremental improvement over time.
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IDENTIFICATION OF ISSUES

The signal improvements appear to be operating well, particularly in the westbound direction and in regard
to safety. The OR 224 section has had a reduction in crashes while travel times on OR 212 are generally
improved.

ODOT staff have identified the need to continue to develop expertise in the use of ATSPM data and to
develop standard reports and integrate the use of ATSPM data into work practices. ODOT staff is using
ATSPM6s to help improve.response to detector outage

As noted previously, the lack of before data related to video analytics presented challenges in the
evaluation. Surrogate data such as incidents reported as crashes and dilemma zone data was used to
understand safety performance around red light running.Wwas an imperfect substitute though, and it is
impossible to tell whether the reduction in crashes is related to red light running.

Similarly, there was not a large enough sample size of detector outages in the after period to complete a
guantitative analysis. While detector failures appear to be infrequent, tracking them in MicroMain would
allow a substantive analysis of changes in p@rmance.

RECOMMENDATIONS FOR OPERATIONS

ODOT should I ook for ways to support the i mplementa
staff on the use of data would be helpful. Some standard reports for ATSPM data have been created, but

there is more that could be done. Reportsth& how t he benefits of ATSPMO&s at
helpful to ensure that agency continues to invest in the technology. Efforts should be made to ensure that
ATSPMG6s are used to proactively addr es divemettodsat i on al

Overall, the agency should look for ways to use ATSPM to support and improve their culture of operational
improvement.
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Management System

PROJECT DESCRIPTION

This City of Portland NE Airport Way Arterial Corridor Management project expanded several existing
Intelligent Transportation Systems (ITS) improvements along Airport Way between 82nd Avenue and
Riverside Parkway. The expanded ITS infrastructure inclugeg@ansion of CCTV monitoring cameras, truck
priority, detection improvements for automated traffic signal performance measures (ATSPMs), and traffic
signal controller and signal timing upgrades. The project also installed fiber optic cable to provide sigged
communications to the ITS devices and traffic signal controllers. The ITS devices and traffic signal controllers
were integrated into the transportation operation center of the City of Portland and the CCTV cameras were

i ncorporated imanagemeédBBEM and the TdpCleck website. The project is part of the
larger City of Portland and Regional Advanced Traffic Management System (ATMS) and maximizes the
benefits to the corridor by selectively installing equipment to minimize cost.

Key components of the project included:

CCTV cameras and video management server upgrades
Communications infrastructure

Noninvasive detection improvements and automated traffic signal performance measures (ATSPMs)
implementation

ATC controllers and signal timing improvements
Total project cost was $1,237,540. The construction cost was $929,000.

The project was constructed and deployed during the period from December 19, 2022 through June 19,
2023.
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LEFT: INSTALLATION OF FIBER OPTIC CARBGHT: TRAFFIC SIGNAL CONTROLLER UPGRADES

CORRIDOR OPERATIONS

The Airport Way corridor has two through lanes in each direction. There is a mixture of continuousviayo
turn lanes, dedicated left turn lanes at signals and landscaped median. The corridor has traffic volumes that
exceeded 23,000 vehicles per day in @3 count data.

Adjacent land uses include hotels, light industrial and warehousing, and some retail.

The Airport Way corridor has unusual peaking characteristics. The eastbound direction had very similar
volumes in both the a.m. peak periods and the p.m. peak periods. The westbound direction had higher
volumes in the p.m. peak periods.
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EVALUATION

EVALUATION GOALS, OBJECTIVES AND QUESTIONS

The goals of the project include improving safety, mobility, and operations. The objectives of the bedack
after evaluation are to measure how well the improvements achieved the project godlable 41
summarizes the project goals and specifically how the goals will be evaluated.

TABLE 2.PROJECT GOALS AND EVALUATION OBJECTIVES

GOAL AREA GOAL DESCRIPTION EVALUATION OBJECTIVE

Determine if redlight-running and/or nearmiss events

#1 IMPROVE SAFETY Reduce crash potential in the corridor
were reduced.

Determine if the variability of travel times within the

#2 IMPROVE MOBILITY  Improve travel time reliability corridor were reduced

Determine how useful the ATSPMs are for monitoring

Improve the efficiency of system and managing corridor operations.
#3IMPROVE OPERATION operations Determine if an appropriate amount of vehicle
Enhance reattime traveler information diversion takes place in conjunction with announced

incidents and special events.

EVALUATION METHODOLOGY AND PERFORMANCE MEASURES

EVALUATION PERIODS

TheOregon ATCMTD Project Evaluation Plestimated that the project would be deployed from 10/2019 to
12/2020. The before and after evaluation periods were planned to be 2012018 and 2021 -2022,
respectively. However, construction did not start until August 2022.

Based on the actual project deployment schedule and evaluation data availability, the following periods were
used for the data collection:

Beforedata collection period: July 2021 through June 2022

Afterdata collection period: July 2023 through June 2024.

Each data collection period covers a ongear time frame, aiming to capture the most available data for
evaluation purposes. DKS screened the data sets for completeness and quality, performed preliminary
statistical analysis, and determined the evaluatioperiods for the before and after analysis. The goal was to
have a minimum of six months of data in each evaluation period to summarize meaningful traffic trends, and
the actual evaluation periods will depend on results of the data screening.
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PERFORMANCE MEASURES

Based on the evaluation objectives, the following performance measures are proposed and summarized in
Table 42. A brief description of the data type associated with each performance measure is also listed in
the table.

TABLE 2.PERFORMANCE MEASURES AND DATA SOURCES

EVALUATION OBJECTIVE PERFORMANCE MEASURES ASSOCIATED DATA TYPE

#1: DETERMINE IF REIHRUNNING a) Number of crashes Portland Police Bureau Crash
AND/OR NEARSS EVENTS WERE REDU Reports

b) Average speed and travel time

. Roadway segment lengths
#2: DETERMINE IF THE VARIABILITY OF ¢) 95" percentile speed

TIMES WITHIN THE CORRIDOR WERE F ) Buffer index Travel speed/time information, 5
minute intervals

e) Planning time index

f) Qualitative Assessment of whether
operators found Survey of signal system operators
OModer at e6, 0 Mi n and managers assessments
Useful d

#3: DETERMINE HOW USEFUL THE ATS
FOR MONITORING AND MANAGING COl
OPERATIONS

Additional considerations in using these performance measures in the before and after evaluation are
described in the following sections.

A) NUMBER OF CRASHES

Originally the number of redight running and near miss events was to be measured using video analytics.
Unfortunately, the corridor wasnot video recorded i
used to measure the safety goal. DKS revieddefore and after crash reports for the signalized

intersections in the corridor based on Portland Police Bureau crash data.

B) AVERAGE SPEED AND TRAVEL TIME

Average travel speed and average travel time are used to measure the effectiveness of the mobility goal,
specifically for the weekday evening peak hour. DKS evaluated the data for +natiday weekdays (Mondag
Friday) during the hours of 86 p.m. and detemined the most appropriate 68minute period for the
evaluation. This period was selected by identifying ti&-minute interval with the lowest travel speeds along
the corridor, indicating the highest level of congestion during the peak, and using thisthg basis for
determining the overall peak period. The peak hour was identified as 4:00 PM to 5:00 PM.

C) 95TH PERCENTILE TRAVEL TIME

Similar to the average travel speed, the 95th percentile travel time was aggregated for the same time period
and reported fornon-holiday weekdayMondayd Friday) during the peak 6@ninute period within the hours
of 3-6 p.m.
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D) BUFFER INDEX AND E) PLANNING TIME INDEX

Buffer Index and Planning Time Index were calculated based on the average travel time flee travel
time, and 95 percentile travel time. Therefore, these metrics will also be reported for the same peak 60
minute period.

E) QUALITATIVE ASSESSMENT SURVEY DATA

This is a qualitative assessment of ATSPMs by operators. Staff who are responsible for maintenance,
operations, and management of signals were surveyed to assess whether they find the usefulness of
ATSPMs as High, Moderate, Minimal, or Not Useful.

DATA COLLECTION APPROACH

DATA TYPES AND SOURCES

Table 43 summarizes the data sources and how they weexquired for each data type identified above. The
collection process will be a collaboration between the consultant and ODOT.

TABLE 3.DATA SOURCES

DATA TYPE DATA SOURCE RESPONSIBLE PARTY
ROADWAY SEGMENT LENGTHS GoogleEarth or GIS DKS
CRASH REPORTS Portland Police Bureau DKS
SPEED/TRAVEL TIME INRIX data via RITIS DKS
QUALITATIVE ASSESSMENT Survey DKS

DATA PROCESSING AND REVIEW

This section summarizes data quality, processing, and completeness cheplksformed for each data

source.

ROADWAY SEGMENT LENGTHS

Segment lengths were taken from the GIS shapefile matching the INRIX XD data segments and were verified
using Google Earth. Roadway segment lengths included mainline segments. Segment lengths may be
aggregated and consist of multiple INRIX XD segments.

INCIDENT LOGS

Incident and special event data were requested directly from ODOT and PBOT. Neither agency was able to
provide this data because they do not collect it.
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DKS was able to use the City ¢fortland opensource 911 data from the Portland Police Bureau (PPB) which
could be filtered for traffic crashes to determine the number of crashes from the before and after periads

SPEED AND TRAVEL TIMES

DKS downloaded travel time and speed data from RITIS which contains INRIX seginased speed data.

The higher resolution XD segments were used for this analysis. Note that INRIX updates its XD segment map
twice a year and care was taken to use the same mpaersion and segmentation for both the before and

after time periods. INRIX data was downloaded in fir@inute increments based on the list of study

segments.

Quiality checks were performed by creating speed contour plots, which are heatmaps of the speeds along the
study segments by time of day. They show where the delays or bottlenecks occur along the study corridor by
time of day and can be used to identify argpeed anomalies. Speed data was reviewed for outliers at the XD
segment level before aggregating as needed for the performance measures.

INTERVIEMATA

DKS staff interviewed signal system operators, managers, and timing staff. The data is qualitative in nature
and aggregated subjective assessments.

DATA ANALYSIS
RED LIGHT RUNNING ANBVINESHS

The original intent of the project was to measure red light running and neaisses using video analytics

data. Unfortunately, the intersections were not analyzed with video analytics in the before condition so there
is no way to do a direct before and adt analysis. The team explored other ways to measure improvements
in redight running and neamisses specifically, and changes in safety generally.

One way to evaluate safety would be to | ook at over
after condition. The team again utilized PPB 911 call data for this portion of analysis. The data is open

source and available to anyonethroughhe City of Portl andds Open Dat a.
that were coded as traffic crashes on Airport Way in the before and after periods with the totals shown below

in Table 44.

The 911 data did not provide any details regarding the mechanics of the crash. The data provided the date
and time of the call, whether it was crash, and the location by description and latitude and longitude of the
location. From the data, the DKS tearoould determine whether a crash was near a signal, but not whether
the crash was signal related.

5 Portland Open Datahttps://www.portland.gov/police/open-data/police-dispatched-<calls
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TABLE 4. TOTAL TRAFFIC CRASHES IN BEFORE AND AFTER PERIODS (PPB 911 DATA)

CRASHES (BEFORE) CRASHES (AFTER) REDUCTION IN CRASHE: PERCENT REDUCTION

110 92 18 16.36%

The team then further refined the crashes which occurred within 200 feet of a signalized intersection in the
before and after periods. The number afrashes before and after are shown below ihable 45.

TABLE 8. TOTAL TRAFFIC CRASHES WITHIN 200 FEET OF SIGNALIZED INTERSECTION (PPB 911 DATA)

CRASHES (BEFORE) CRASHES (AFTER) REDUCTION IN CRASHE: PERCENT REDUCTION

48 34 14 29.17%

To validate the beforegperiod 911 incident data, the team compared it with the official ODOT crash reports
database for the period from July 2021 to June 2022. The team was unable to cras$erence the after
period crashes because ODOT crash data for tiiear 2024 was not available at the time of the evaluation.
This comparison helps with the accuracy of reported crash trends along the corridor. The total number of
crashes along the corridor, as well as those occurring within 200 feet of the corridor, dnpliry type are
summarized inTable 46 and Table 47, respectively.

It is difficult to attribute a portion of the crash reduction to the improvements made in the project without

more detailed before and after crash data. It is likely that red light running and near misses were reduced if

the overall number of crashes at onear the signal were reduced. Signal timing was adjusted based on
ATSPM6s and that may have had an i mpact on the safe
platooning or increased arrivals on green.

TABLE @:TOTAL TRAFFIC CRASHES IN BEFORE PERIOD (ODOT CRASH DATA)

CRASHES (ODOT) INJURY SEVERITY / INJURY SEVERITY | INJURY SEVERITY ( PROPERTY DAMAGI
(SEVERE) (MODERATE) (MINOR) ONLY

49 1 11 14 23

TABLE 2. TOTAL TRAFFIC CRASHES WIHHET20¢ SIGNALIZED INTERSECTIONS (ODOT CRASH DATA)

CRASHES (ODOT) INJURY SEVERYA INJURY SEVERYB INJURY SEVHRYC SRR R

ONLY
24 1 6 7 10
There is a significant discrepancy between crashes

official crash database for the corridor than to the 911 system, and 50% fewer crashes reported to ODOT in
proximity of signals. This may be explaidéyy the nature of crash reporting in Oregon. Drivers are not
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required to submit crash reports for crashes with minor damage, less than $2,500 per vehicle. In some
cases, there may be 911 calls for crashes where the drivers do not submit crash reports. Also, in a
jurisdiction of the size of Portland, PPB may not sulinerash reports to ODOT when the damage is minor,
and they were unable to determine fault upon response.

VARIABILITY OF TRAVEL TIMES

The time periods when travel time and speed measures were collected are showiiable 4.8 The team
reviewed the variability of travel times in the peak period in both directiofiBable 4.9. Additionally, the
identified time period remained consistent throughout the study, as congestion levels during these hours did
not shift in the after period.

PBOT

Cam 290
# NE AirportiWay:&82nd

PTZ CAMERA FOOTAGE

TABLE 8.DATA COLLECTION PERIEEKDAYS 3:00 P.M. TO 6:06 PEMMK HOUR 4:00 RiB00 P.M.

CORRIDOR LENGTH = 5.01 MILES

PERIOD Date
BEFORE 07/01/2021 to 06/30/2022
AFTER 07/01/2023 to 06/30/2024
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Table 49 below presents the baseline and pogterformance measures along NE Airport Way. These
measures are also visually represented iRigure 41 and Figure 42 for easier comparison.

In the eastbound direction, average travel speeds decreased by 5.3%. Thé @avel speeds saw a smaller
decrease of 2.1%. Average travel times increased by less than half a minute (5.6% increase). Thie 95
percentile travel time, the buffer index, and planning time index all improved. Thetf9ercentile travel time
and the planning time index changed by less than 1%. The buffer index saw a 21.9% decrease. The buffer
index is computed as the difference between the 95percentile travel time and the averge travel time,

divided by the average travel time. In this case the 95ercentile travel time nearly stayed the same, but

the average travel time had increased, decreasing the buffer index. The typical peak hour got slightly worse.

The westbound direction saw an increase in the average and®percentile travel speeds of 5.2% and 1.9%
respectively. There was a decrease in the average travel time and improvement ith @&rcentile travel time,
the buffer index, and planning time index. The average travel time decreased by 4.9%, and the 95th
percentile travel time decreased 10.6%. The buffer index decreased 18.2%. The planning time index
decreased as well by 10.2%. The aluation suggests that in the westbound direction, both the worand
typical peak hours improved.

It is possible that the before period, which started in July 2021, was impacted by reduced travel related to
the pandemic.
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As noted above, the eastbound travel times generally worsened. Traffic volume data does not show large
traffic volume changes. There were no large construction projects that would have diverted traffic onto this
section of Airport Way. It is possible tharavel times in the east bound directions worsened because signal
timing adjustments improved travel time and reliability in the opposing direction.

TABLE 4.NE AIRPORT WRXVEL SPEED AND TRAVEL TIME

FREE 95TH
AVERAGE 95TH FREE FLOW AVERAGE
SFIL_I(E)I\EAIID SPEED PERCENTILE TRAVEL TIME  TRAVEL TIME EIE:\?:LN:II:III\I;IEE ﬁEEEiR TPI"\‘AAENI';'SSX
(MPH) (MPH) SPEED (MPH) (MIN) (MIN) (MIN)
w
5
EB h 37.48 30.83 35.72 7.96 9.67 12.78 0.32 1.61
0
&
E 37.48 29.21 34.96 7.96 10.21 12.76 0.25 1.60
L
S
WB h 35.54 26.07 33.52 8.46 11.53 16.62 0.44 1.97
0
&
E 35.83 27.43 34.15 8.39 10.96 14.86 0.36 1.77
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NE AIRPORT WAY ARTERIAL CORRIDOR TRAVEL SPEEI

Free Flow Speed (MPH) Average Speed (MPH) 95th Percentile Speed (MPH)
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FIGURE #.NE AIRPORT WRYERIAL CORRIDOR TRAVEL SPEEDS

NE AIRPORT WAY ARTERIAL CORRIDOR TRAVEL TIME

Free Flow Travel Time (min) Average Travel Time (min)  95th Percentile Travel Time (min)
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FIGURE Z.NE AIRPORT WAY ARTERIAL CORRIDOR TRAVEL TIMES
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Table 410 shows the percentage change in the average travel time, 9%ercentile travel time, buffer index
and planning time index.

TABLE 20: PERCENTAGE CHANGE IN TRAVEL TIME AND RELIABILITY MEASURES

(MPH) (MIN)
EASTBOUND -5.3% 2.1% 5.6% 0.2% 21.9% 0.6%
WESTBOUND 5.2% 1.9% 4.9% -10.6% -18.2% 10.2%
USEFULNESS OF ATSPMS
INTERVIEW BACKGROUND

To identify how Automated Traffic Signal Performance Measures (ATSPMs) are utilized for NE Airport Way,
the Consultants met with signal operations staff from the City of Portland aimterviewed them regarding
the implementation of ATSPMs on Airport Way. This section is a summary of the information.

The interview questions were designed to determine how widespread the use of ATSPMs were, how they
impacted the level of effort by agency staff, the results of the use of ATSPMs, and how the use of ATSPMs
changed agency processes.

The interview results are summarized below.

USE OF ATSPMS

Interviewees stated that signal timers were frequent users of ATSPMs, with other groups having access
available to the ATSPM data. ATSPMs are used to assess and modify signal operations. The interviewees
relied on Google traffic maps and split logger/faitles from Trans Suite occasionally in the past to assess
signal performance. In addition, ATSPMs are also used to troubleshoot maintenance tasks such as detector
failure. They do not use any specific metrics. To address signal operations. Interviewees s\l SPMs
weekly for a higHevel look at overall system operation.

LEVEL OF EFFORT

Attendees answered that it is slightly easier to use ATSPMs versus traditional methods. They stated it
depends on what they®&re doing. It does save ti me,
maintenance staff able to know whether it is a physical software issue.

RESULTS

The agency can align operational objectives with ATSPM metrics/reports. Although they do not have the
reports yet, they are developing them now. They will be able to document and quantify the effectiveness of
ATSPM use. The frequency of assessing/reportiagnal operations has increased with the use of ATSPMs
compared to past practices. ATSPMs have led to improved signal operations at the intersection level, but
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they are unsure about the corridor level. It has reduced delay, though they have not documented the
improvements. The use of ATSPMs has made it easier to get information and troubleshoot for technicians.

PROCESSES

Interviewees said that they had changed some processes based on the implementation of ATSPMs. They
assess and report signal operations more frequently. They can use probe data from RITIS to assess before
and after performance that have been adjusted basedn ATSPM data. They are still in the process of
figuring out how to help manage traffic for special events. They also need to figure out the correct audience
for their measures and develop reports for that audience.

The City does not have a process or policy on how to use ATSPMs. It has not yet led to any formal changes in
the process, documentation/reporting of signal operations, or the adoption of additional performance
measures. ATSPMs have supplemented past praes, becoming another source of data for the city.
Collaboration between work units has improved thanks to ATSPM data being shared.

SUMMARY

The city is using ATSPMs to improve signal operations, particularly at the level of the individual signal level,
rather than the corridor level. ATSPMs are used to improve maintenance responsiveness. The city is still
working to fully integrate ATSPMs intbeir work process and develop reports to support that effort. The city
is laying the groundwork for future proactive signal timing opportunities. ATSPMs save time for
troubleshooting and are much more efficient, which better serves the corridors whenuss are reported.

VEHICLE DIVERSION

Vehicle diversion is not possible to measure with current data. The project was modified from its original
scope. Variable messages signs to alert motorists of incidents, and special events were not installed in the
project. There was no way to alert motists in real time other than ircar or phonebased navigation

systems.

Also, there were no systemic counts taken in the before period. Signal based detection could provide count
data on Airport Way, but there is not similar capability on potential alternate routes.

BENEFIT OF REDUCTION IN DELAY

The team developed the monetary value of the reduct
Value of One Hour of Travel Time Savings by Vehicle Clasblished in 2025, the latest version of this

report. The costs were applied to the reduction in average travel time during the peak period from 3 p.m. to

6 p.m. on weekdays. Values were assigned to cars and trucks based on classification counts.

60DOT Transportation Development Division Planning Section, Tre
Esti mates, 6 February 2025
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The benefit of the reduced travel time eastbound is negative because travel times increased slightly.
Eastbound volumes were lower than westbound volumes in the afternoon peak.

The annualized benefit of the reduction in delay is $114,543, as shown Trable 411.

TABLE #1: ANNUALIZED BENEFIT OF REDUCTION IN DELAY

DIRECTION VALUE OF REDUCED TRAV WORKDAYS PER YEAR ANNUAL BENEFIT OF
TIME PER DAY REDUCTION IN DELAY
WESTBOUND $1,521.91 260 $395,695.48
EASTBOUND $1,081.35 260 $281,152.05
TOTAL $440.55 260 $114,543.43

BENEFIT OF REDUCTION IN CRASHES

Safety benefits were derived from the crash or incident reduction within the project limits. While crash

severity data wasavailable, the relatively short time frame where crash data is available in the after period,

it was decided not to rely on the severity data. To remain conservative due to lack of available data regarding
crash severity from the PPB 911 data and the undainty of reduction in crashes, the team assumed that all

crashes were property damage only and assigned an economic value to the crash of $24,800. This is the
value that ODOT has developed in a memo tithed o0Upd
August 2023.

TABLE #2: BENEFITS OF CRASH REDUCTION

CRRGIES NO. OF INCIDENT¢ NO. OF INCIDENT¢ REDUCTION COST PER CRASH ANNUAL BENEFIT
(BEFORE) (AFTER) AMOUNT
CRASHES 48 34 14 $24,800 $347,200

The total annual benefit associated with the reduction in the cost of crashes is $347,200.

TOTAL BENEFITS AND BENEFIT COST

The total costs of the project were $1,289,173. The service life of these ITS devices was assumed to be 10
years.

The totaldiscounted benefits of the reduction in delay and reduction in crashes is $4,393,741.

The team followed USDOT guidance by using the spreadsheet tool from the online Benefit Cost Analysis
Guidance (2025 Update). As noted, the team used ODOT values for the cost of crashes and the value of

7Zhao, Jiguan Ph.D, P.E., ODOT Traffic Roadway Section oUpdatec
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travel time. The team assumed that maintenance and operations costs were $0. It would be very difficult to
calculate the difference in cost for maintenance an
ATSPMs now. Using the USDOT guidarecdjscount rate of 3.1 percent was applied to both the safety and

time travel savings benefits for each of the 10 individual years following the completion of the project.

This results in a Benefit/Cost Ratio of 3.41 and a net present value of $3,104,568able 413 shows the
Total discounted benefits, costs, net present value, and the benefit cost ratio as discussed above.

TABLE #43: BENEFIT COST RESULTS

TOTAL DISCOUNTED BENEFITS TOTAL DISCOUNTED COSTS NET PRESENT VALUE BENEFIT COST RATIO

$4,393,741 $1,289,173 $3,104,568 3.41

Additionally, the project enables automated data collection along the corridor, streamlining travel time and
speed studies and signal timing adjustments.

FIBER OPTIC INSTALLATION HARDWARE INSTALLATION
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FINDINGS

ASSESSMENT OF OVERALL SYSTEM PERFORMANCE

Are redlightrunning events and/or nearmiss events reduced?

While it is not possible to definitively say whether rdjht running events and/or neasmiss events were
reduced, crashes at signalized intersections were reduced in the after condition. It is likely that some of the
crash reduction was based on reducecked-ight running. It is also likely that neamisses are highly

correlated with crashes so neamisses were likely reduced.

Is the variability of travel times reduced?

Reliability of travel time improved based on all measures in both directions. The reliability improvements
were more pronounced westbound than eastbound.

How useful are ATSPMs for monitoring corridor operations?

Currently city staff are using ATSPMs to improve signal operations, primarily at the level of the individual
signal, rather than at the corridor level. ATSPMs are used to improve maintenance responsiveness. The city
is still working to fully integrate ATI3Ws into their work process and develop reports to support that effort.

The city is laying the groundwork for future proactive signal timing opportunities. ATSPMs save time for
troubleshooting and are much more efficient to better serve the corridors whessiies are reported.

As ATSPMs are more fully integrated into the Cityds
in their use, managing corridor operations will improve.

While city staff believe that ATSPMs are more useful at the individual signal level, the data shows some
benefits are accruing at the corridor level.

Does an appropriate amount of vehicle diversion take place in conjunction with announced incidents and
special events?

This is not possible to measure with current data. The project was maodified from its original scope. Variable
messages signs to alert motorists of incidents and special events were not installed as part of the project.
There was no way to alert motoristsireal time other than in car or phonéased navigation systems.

Also, there were no systemic counts taken in the before period. Signal based detection could provide count
data on Airport Way, but there is not similar capability on potential alternate routes.

ODODREGON SMART MOBILITY NETWORK EXALUATIDNE 2025 83



4 NE Airport Way Arterial Corridor Management m Depariment

nsportation

IDENTIFICATION OF ISSUES

The signal improvements appear to be operating well, particularly in the westbound direction and in regard
to safety.

City staff have identified the need to continue to develop expertise in the use of ATSPM data and to develop
standard reports and integrate the use of ATSPM data into work practices.

The project budget did not allow the city to fully implement the project. The dynamic message signs required
to provide traveler information during special events and incidents were not included in the project. Similarly,
count stations were not installedCount stations on Airport Way as well as reasonable alternative routes
would be required to understand traffic diversion fully.

RECOMMENDATIONS FOR OPERATIONS

The city should look for ways to support the implementation of ATSPMs. For instance, training for operations
on the use of data would be helpful. Some standard reports for ATSPM data have been created, but there is
more that could be done. Reports that she the benefits of ATSPMs at a higher level aimed at City executive
staff would be helpful to ensure that agency continues to invest in the technology. Efforts should be made to
ensure that ATSPMs are used to proactively address operational issues rathamntthe traditional reactive
methods.

Overall, the agency should look for ways tse ATSPM to support and improve their culture of operational
improvement.
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Traffic Signal Priority

INTRODUCTION

This report provides a summary and evaluation of the Tounty Metropolitan Transportation (TriMet) Next
Generation Transit Signal Priority (Nes&en TSP) Pilot Project. This project was implemented concurrently
with the TriMet Division FX project providing higlapacity transit service between Downtown Portland and
Gresham, Oregon.

TSP, and the associated public safety Emergency Vehicle Preemption, use technology to give preferential

traffic signal timing to prioritized vehicles, like buses and emergency responders, to reduce red light delay

and increase the probability of arrivingtaa green light. Traditionally, TSP involved placing receivers

alongside traffic signals and infrared emitters or GPS radios on prioritized vehicles. While functional,

traditional TSP systems are often timeonsuming to set up, requiring specialized equipant with ongoing

mai ntenance costs. TriMetds | egacy TSP system uses
is set up conditionally to turn on when a bus is more than 90 seconds behind schedule and turn off when

the bus is less than 30 secods behind schedule. The Infrared TSP system's lingsight requirement limits

its ability to grant priority, as the vehicle must be within range of the transmitted signal. Infrared operations

also have maintenance obligations to ensure the detection equigent is clean and the lineof-sight is free of
vegetation growth. Another challenge with traditional TSP systems is the lack of automated system

performance measures leading to a lack of understanding of performance by system operators. This has
oftenledt o a O0set it and f or g-etmopetationabs@ips obtlaec P fumdtienise t h e
unknown. Extensive data logging and timeonsuming data analytics are often necessary to understand the
benefits and impacts of a TSP system operation. Hovesythe increasing ubiquity of reliable largscale
communication access has provided the opportunity to bring about a more intelligent TSP system.

This next generation Transit Signal Priority system, often called N&gin TSP or more commonly Cloud
Based TSP, leverages clodaased technology using cellular communications to collect reahe data on the
location and speed of prioritized vehicles. Thperformance data is then tracked and processed in cloud
servers where artificial intelligence (Al) is used for a much more accurate prediction of the estimated time of
arrival of the priority vehicle to the traffic signal. The system can prioritize bugksough corridors while
learning over time about optimal timing for bus stops and signals, improving the reliability and performance
of bus transit and, most importantly, improving the passenger experience. Unlike the previous TriMet
Opticom system archictures, CloudBased TSP is capable of utilizing existing modern traffic signal and
communications infrastructure, thereby easing implementation and reducing maintenance costs. Notably,
TriMet was the first West Coast agency that went through a competitprcurement process to select a
CloudBased TSP system
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Concurrently with the NextGen TSP pilot project, TriMet launched their first bus rapid transit line, the
Division FX project, to provide faster and more rel
In addition to providing riders with ehanced bus performance, the Division FX project brought many safety
and modernization improvements to the community, through access management, enhanced bicycle and
pedestrian infrastructure, new pedestrian signals, fiber communications, and traffic sigrsgstem upgrades.
This initiative targeted a 15mile stretch of Division Street, aiming to enhance roads, boost bus efficiency,
expand bike and pedestrian access, and revitalize the surrounding neighborhoods. The use of the Cloud
Based TSP system was aitical element to the success for the Division FX project. Within the first six
months, the Division FX system observed a 70% reduction in signal delay as compared to the prior Line 2
with the Legacy TSP system. This translated to an average of six minsgged over the 15mile length of

the route for each direction, demonstrating its effectiveness in achieving Division FX's goal of increased bus
efficiencys?

PROJECT DESCRIPTION & BACKGROUND

PROJECT VISION

The TriMet NextGen TSP Pilot Project had the goal of improving transit service speed and reliability, while
minimizing the impact on other modes and maintaining or improving the safety provided by the traffic signals
to all road users. The larger systemsion of this project was for the system to be scalable and adaptable
regionwide with no (or minimal) new otboard hardware and no (or minimal) new roagide equipment. This
system needed to provide TSP requests and updates early and often with accuratenested time of arrivals
(ETAs). Configurable and varying levels of prioritization were important, while utilizing a centralized platform
with robust performance analytics.

STUDY APPROACH
This project took a higHevel approach to identify and assess potential TSP system expansion and upgrades
in Tri Metds service area. The study gathered the in

state agencies that manage the traffic ginal system, to identify user needs, evaluate various TSP
technologies, and define system requirements for a negeneration TSP system.

FUNCTIONAL ARCHITECTURE

TriMet set out to procure a statef-the-art Centralized Transit Signal Priority System to be built around an
Intelligent Preemption and Priority Control Application. The general system architecture requirements were
as follows:

80Tri Met to temporarily turn safvfi nfgX62 & se sttr, af Ebikc Tsyil gera IGrparfi o r2i0t2y3 ,f or ti m

ODODREGON SMART MOBILITY NETWORK EXALUATIDNE 2025 86


https://news.trimet.org/2023/04/trimet-to-temporarily-turn-off-fx2s-traffic-signal-priority-for-time-savings-test/

@ TriMet Next Generation Traffic Signal Priority I Dephriment
of Transportation

9 This central software needed to be configured with necessary vehicle provisions, relative priority
settings, conditional preemption/priority parameters, and intersection location information.

91 As supported vehicles travel throughout the supported region, vehicle data will be sent to the central
software, which will then process the vehicle data by applying any necessary relative priority and
conditional factors to determine the appropriate timéo send a preemption or priority request to a
particular intersection.

1 The preemption or priority request will be formatted into an appropriate message structure and then
sent to the appropriate transportation agencyads
act upon the preemption or priority request based aits pre-configured settings.

1 Throughout this process, the Intelligent Preemption and Priority Control Application will store specific
log data for retrieval and analysis using management software.

1 The system will process preemptié¢hand priority control messages from transit buses, and will then
authenticate and prioritize vehicle message requests.

1 Preemption and priority request behaviors will be configurable based on time of day, direction of
travel, service level, route, passenger count, and @chedule status.

1 Preemption and priority requests sent from the cloud solution to traffic signal controllers use the
NTCIP 1211 protocol in accordance with the following object definitions:

o (a) priority request;
o (b) priority update; and
0 (c) priority clear.

PROCUREMENT

TriMet went through a competitive request for proposal (RFP) process to seleceador for the cloudbased
TSP system. TriMet drafted the RFP documents with support from the consultant team and collaboration
from numerous regional traffic agency partners. Several of these traffic agency partners also participated in
the proposal eval@ation process considering both the price and technical components of each proposal.

VENDOR SELECTION

The TriMetled selection panel selected LYT out of four submittals as the vendor to provide the clbaded

TSP system f &@&renTITiSNWetP6 d oNe ¥Ptroj ect . LYT8s technol ogy
infrastructure using a 100 percent sofivare-defined, cloudbased solution. This technology is hardware
agnostic and works across jurisdictions. LYTds solwu

by I NI'T. The LYT system worked with #artheectureegi onds ne
modifications, which were required by the traffic agency partners. This modification included the introduction
of a firewall that was used as a message filter or

9Emergency Vehicle Preemption (EVP) functionality was not defir
requirement that EVP be able to be supported by the selected systeburing implementation, the highest levels of priority setting
were reserved for EVP. Technical details of how EVP may be implemented in the future will need to be defined in a sepan@etpr
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controllers, to ensure that only preapproved messag
machine learning allows the system to achieve TSP while minimizing signal delay. Since the system does not
require hardware at the intersection and the clad software enables instant updates, the launch could be

done in days, not months.

IMPLEMENTATION AND TESTING

As part of the implementagabedprestissg amdexereinkSi va
to validate and test each component of the system and/or combination of components into subsystems.
Successful passing of each gate was a requiremefar TriMet and the agency traffic partners. Early testing

gates were often completed in a controlled lab environment at a partner traffic agency, most notably, the

Portland Bureau of Transportation (PBOT). Later phases were then completed with trafficrotiars in the

field. The following test gates were included in the process:

1 Gate OAD INIT Data Integrity Tesw¥ er i fy compl eteness and | evel of
CAD/AVL vendor) to published spec

1 Gate 1Ad Maestro Comm TestVerify connectivity between traffic agenégstalled Maestro (a LYT
device) and LYT cloud.

1 Gate 1B Controller Comm TestVerify ability to obtain phasing information from traffic agency
bench controller(s) and LYT cloud.

1 Gate 20 Firewall Test Verify firewall ability to filter traffic between Maestro and traffic agency bench
controller(s).

1 Gate 38 Controller TSP Logic Tesverify ability of traffic agency bench controller(s) to correctly
process and receive multiple TSP requests/ETA updates from simulated TriMet bus data with
differing levels of priority.

1 Gate 40 Prototype Field TestVerify ability of traffic agency bench controller(s) to correctly process
and receive multiple TSP requests/ETA updates from deployed TriMet buses with differing levels of
priority.

1 Gate 58 Network Connectivity Testerify ability to obtain phasing information from traffic agency
field controller(s) and LYT cloud.

1 Gate 68 Field Test Verify ability of field controller(s) to correctly process and receive multiple TSP
requests/ETA updates from simulated TriMet bus data with differing levels of priority

1 Gate 78 Full System TestVerify ability of traffic agency field controller(s) to correctly process and
receive multiple TSP requests/ETA updates from deployed TriMet buses with differing levels of
priority.
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FIGURE &.PILOT IMPLEMENTATION CORRIDOR

The corridor for the Division Street Transit Project (also known as the fi@sion project) was selected as

the pilot implementation corridor for the LYT system to support a concurrent BRT project installation. The

corridor is a 15mile stretchof Porttan d 6 s Sout heast Division Street conn:¢
Portland. The project team focused on this corridor because it maintains a high level of transit ridership, is
l'isted in the Cityds oOHigh Crash Nenoswvdisadvantageand it p
neighborhoods. Along with the FX2 Division project came new fiber communication, traffic controller

OTri Met buses communicate with both Tri Metds CAD/ AVL system an
communications and an orboard router. This router had recently been upgraded by TriMet through a separate project.
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upgrades to advanced traffic controllers (ATCs), and new firmware withrQ e e s MAXTI ME. Thes
elements were critical components for the cloutdased TSP system. The FX2 project also included several

unique transit features, such as busnly signalphases at queue jump locations that utilize TSP operations

to call the phases. Cloudased TSP was implemented along 12 miles of total BRT corridor. The Downtown

and River Crossing segments did not implement TSP due to the existing fitkee traffic signd controllers

and mixoperational environment with light rail transit (LRT) and many other bus lines. For the segments that

did implement cloudbased TSP, Inner Division represented a more urban environment with-8 ne cross

section, whereas Outer Digion and Gresham segments operated along a more suburban cantric 5lane
crosssection.

PROJECT TEAM

TriMet A public transportation agency serving the Portland, Oregon metropolitan area operating bus, light
rail, and commuter rail services.

DKSAssociates A consulting firm specializing in transportation planning, traffic engineering, and related
services for public and private clients. For this project, DKS Associates led the CiBaded TSP system
procurement and provided project management services thrghout the project. In addition to the Cloud
Based TSP Project, DKS Associates also provided a range of services for the Division FX2 project including
transportation planning, traffic engineering, corridor planning, operations modeling, roadvaggign, and

fiber optic network design.

Kittelson & AssociatesA consulting firm specializing in transportation planning and traffic engineering. For
this project, Kittelson & Associates provided support services during the procurement process and then led
an independent on/off study after implementation to assesshe system performance.

LYT A technology company that leverages clotsed solutions and machine learning to optimize traffic
flow for cities and transit agencies, improving efficiency and reducing congestion. LYT was a key partner in
the Division FX project, providing the ClotBhsed TSP technology that enabled transit signal priority along
the route.

INIT. A global leader in transit technology providing solutions such as compugried dispatch (CAD) and
automatic vehicle location (AVL), and advised the project team on the installation and configuration of
CAD/AVL to integrate with TriMet's dispatch system.

QFree A global supplier of intelligent transportation systems (ITS) specializing in tolling, traffic management,
and connected vehicle solutions. @ree developed MAXTIME: intersection control software with smart
mobility builtin. This controller software atlws PBOT to program advanced algorithms and logic to better
serve all modes of transportation.

Siemens A provider of interconnected and #dased mobility information systems. Siemens contributed to
communication needs between existing traffic signal cabinets and TSP.

WiTronix A provider of integrated technology to improve operational efficiency, service reliability, and safety.
WETronix provides an onboard event recorder, Violet Edge, to compile TSP needs and successes.
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Digi. A networking and Internet of Things (IoT) hardware manufacturer. Digi contributed to the project by
providing mobile router technologies which enhanced retiine computeraided dispatch, automated vehicle
location, and electronic fare collection.

PARTNERSHIPS

The Project is a partnership that draws on many years of experience from all parties. These partners are
technical experts that develop algorithms and provide perspective on implementation of the new
functionalities. The regional traffic signal agencies wekey partners in the procurement and
implementation of the CloueBased TSP project and included the following:

Portland Bureau of Transportation (PBOB).city agency responsible for planning, building, managing, and
maintaining Portland's diverse transportation system by focusing on safety, accessibility, and sustainability
for all users. PBOT has been an essential partner in the TSP installation effaith Peter Koonce laying the
foundations of TSP 25 years ago. For this project, PBOT played an important role in the initial planning
stages and in deciding which TSP system to implement. PBOT helped write thed&igRvas part of the
selection committee to determine the appropriate vendor. In particular, Mark Haines, ITS Engineer, created
custom logic that improved signal efficiency and performance for both pedestrians and transit.

Oregon Department of Transportation (ODORF)state agency responsible for planning, building, and

mai ntaining Oregonds transportation system, includi
prioritizes safety, efficiency, and sustainability to ensure a reliable and accessible trangption network.

Galen McGill, Jason Shaddix, and Doug Spencer were instrumental in coordinating all of the projects and
collaborating with the Federal Highway Administration (FHWA).

City of GreshamJim Gelhar, Traffic Signals Engineer, led the agency in performing the testing of the Palo
Alto cybersecurity systems. These findings were paramount in understanding the uses and needs of
substantial cybersecurity systems.

Division FX Project TeanMichael Kiser, TriMet Project Director, led the project team in implementing the
TriMet FX Division Transit Project. The project improved travel between Downtown Portland, Southeast
Portland, East Portland, and Gresham by implementing a CleBiased TSP gstem alongside the bus rapid

transit corridor.

Additionally, to complete a full review of the FXQivision route corridor and its varying context, the team
collaborated with local jurisdictions including Washington County and the City of Hillsboro on this project.

EVALUATION GOALS, OBJERIDQEESTIONS

ODOT provided the FHWA with evaluation goals, objectives, and questions as part oidvanced
Transportation and Congestion Management Technologies Deploym@it CMTD) grant processhown in
Table 51. These are addressed in th&nalysis and Findingsection of this report.The evaluation questions
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presented below have been revised from the initial grant application, where the original questions for

improved reliability and mobility focused on transit travel speeds; However, speed data was not readily

available, and the questions were revised to reitt changes in average transit travel time and travel time
reliability wutilizing travel time data from Tri Met 6

TABLE 5.EVALUATION GOALS, QUESTIONS, AND PERFORMANCE MEASURES

GOAL AREA EVALUATION QUESTION PERFORMANCE MEASURE

IMPROVE Is the variability of bus average travelme decreased on the corridors

RELIABILITY where the TSP is implemented during the weekday evening peak hour? Bus OnTime Arrivals

. . Q
IMPROVE MOBILIT Are the bus average travel times decreased on the corridors where the TS

is implemented during the weekdagvening peak hour? Bus Average Travel Time

DATA COLLECTION

Data analysis over three scenarios (3) was performed to provide information on changes in the experience of

bus riders, motorists, pedestrians, and bicyclists. The Division FX BRT projeduded multiple physical and
operational changes such as bus stop relocation or removal, bus rerouting, new signalized pedestrian

crossings, access management, busnly lanes and signals, and implementation of TSP. Because of the

many changes, atypicsb bef or e and afteré study was not wuseful f
instead necessary to conduct data gathering with the on/off scenarios.

This project also had another unique variable, which is described in the analysis tables and content below as
OPBOT Il ogic on/offdé. The |l ong duration estimated ti
system, as compared to traditional legacTSP systems (infrared or GPS) with-BB seconds ETA, allowed

for several opportunities to improve how various modes are prioritized in the controller and served prior to

the bus arrival. To take advantage of this additional time, PBOT staff needed te@ep custom logic

programmed at the traffic signal controller as the controller firmware was unable to accommodate the

desired operation using the builin feature set. The PBOT logic refers to this custom logic that performed

several functions, includingsupporting the competing multimodal requests for signal timing (bike, ped,
transit, and auto), but also supporting PBOT&ds moda
logic is able to identify an approaching bus and serve a pedestriarossing phase to improve access to

transit without impact the arrival of the bus. It is this type of custom operation that is afforded by the cloud

TSP system, which would not be possible with a legacy TSP system. The logic also addressed a State of
OregonAdministrative Rule that does not allow for phase skipping with bus operations, in a manner that met

the rule requirement while achieving many of the same benefits of phase skipping. For example, at a bus

gueue jump signal phase, the controller is programed to lead and lag the adjacent through phase, but only

one phase is served depending on when in the cycle the bus arrives. PBOT wanted to explore what additional
operational benefits were or were not achieved with this custom logic, in order to consittex value of the

internal effort as the agency moves forward with subsequent TSP corridors.

The analysis utilizes TriMetds automated vehicle | o
details and location updates with an average reporting interval of around 4 seconds. The primary focus of
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the analysis relies on the GPS location, timestamp, and the relationship to bus stops as reported in the AVL
data to generate the following performance measures as detailed Trable 52:

TABLE 8.PERFORMANCE MEASURE DATA TYPES & SOURCES

PERFORMANCE APPLICABLE EVALUATIOM
MEASURE Dialia 2O IUREE QUESTIONS

TriMetOntime Performance (OPTData Report (TriMet internal report

ONTIME ARRIVAL based on TriMet AVL and schedule data)

Q1

TriMetAutomated vehicle location (AViprocessedvia LYT with the use of

AVERAGE TRAVEL TIME GPS location, time stamp, and stop relationship

Q2

Additional performance measures werevaluated in the TriMet On/Off Study to assess the benefits and
impacts to motor vehicles, pedestrian and bicycles by looking at segment travel times with INRIX data and
automated signal performance measures utilizing signal controller log data. The On/Off Study found no
significant impact a benefits to other modes of travel and are therefore not detailed further in this summary
of the pilot project.

The AVL data and subsequent performance measures were recorded over a thweek period capturing the
following scenarios of TSP on and off and PBOT logic on and Bdib(e 53). Data was also reported by

segments as shown irFigure 53. Note the Downtown and (River) Crossing segments do not utilize TSP as
previously described, and the PBOT logic is only implemented in the Inner and Outer Division segment,
except for two ODOT jurisdiction intersections along Outer Division where the ageriected to not

implement the logic. The City of Gresham also elected to not implement the PBOT logic to simplify the project
configuration.

TABLE 8.SCENARIO DATES

NUMBER SCENARIO NAME DATES

1 TSP off/PBOT logic off May 16 6 May 20, 2023
2 TSP on/PBOT logic off May 210 May 24, 2023
3 TSP on/PBOT logic on May 250 June 2, 2023

Note: TSP was maintained o0oné at t hr e eAve)wher theshbasid reqoiredto ufilizelafuete jukp e , 148t h
signal following nearside bus stops that is only activated with a call from the TSP system. Additionally, at some intersections (1Ave, 119, Ave,

122ndAve, 1420 Ave, 1450 Ave, 148n Ave, and 162¢Av e ) wi t h bus signals, aspects of the PBOT | ogi
reliable function of the bus signal to avoid the controller from holding the priority phase too long. This aspect of thecligho longer necessary as

the QFree MAXTIME controller firmware has provided an update (version 2.14) that resolves this issue without logic. Scenaridled additional

data collection days as there was holiday migeriod that needed to be removed.

noBackground, Methodology, and RRiswildisomfT&dSHkniOnd|Of Me Bareamdum,;s
(2023)
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ANALYSIS FINDINGS

Thissection details the analysis findings of the performance measures to answer the evaluation questions.

IMPROVE RELIABILITY (QUESTION #1)

Is the variability of the bus average travel time decreased on the corridors where the TSP is implemented
during the weekday evening peak hour?

Over the entire route (including noff SP segments), buses were on time more often with TSP on than
without (76% vs. 66%, respectively). This represents a 10% increase idiore arrival performance with the
presence ofcloudbased TSP. In segments with TSP, the improvement was even greater (78% vs. 64%). But
TSP was associated with higher percentages of early arrivals toward the end of the routes.

When looking at individual segments and analysis scenarios as showrfigure 53, the overall percentage

of ontime arrivals increased from the first scenario (without TSP or PBOT logic) with TSP and/or PBOT signal
timing logic, 65% versus 76%. The overall percentage oftime arrivals with TSP on and PBOT logic off was
the same as vith PBOT logic on. All segments had an increase irtome arrivals with TSP and/or PBOT

signal timing logic except the Downtown Segment to Portland (which did not have TSP deployed), which had
a large increase in tripsarriving early. On the Downtown segment to Portland, with TSP and PBOT signal
timing logic, the ortime arrivals decreased from 56% of buses to 46%, compared to when TSP and PBOT
signal timing logic were off.

The percentage of early arrivals increased with TSP and PBOT logic. The largest increases occurred in the
Downtown segment to Portland (from 13% of buses to 47%) and the Gresham segment to Gresham (from
3% of buses to 27%). The percentage of late arrivalscreased in all segments with TSP and PBOT logic. The
largest decrease on the percentage of late arrivals was from 59% of buses to 22% in the Gresham segment
to Gresham

ODODREGON SMART MOBILITY NETWORK EXALUATIDNE 2025 94



Oregon

@ TriMet Next Generation Traffic Signal Priority De artment

nsportation

Scenario
Direction Segment TSP off/PBOT logic off TSP on/PBOT Logic off TSP on/PBOT logic on
Outer Division 80% 19% 89% 9% 92% 7
7P |
LOGIC
Inner Division 67% 32% 87% 9% Wbt 82% :
| 757
LOGIC
Downtown 13% 56% N% 33% 59% 3% 47% 46% 7
To Gresham Downtown 88% 0% 90% _
Inner Division 57% 42% % 26% 75% 23%
[ TSP |
LOGIC
Outer Division 52% 67% 28% 9% 70% 2%
Gresham 38% 50% 15% 51% 4% 2% 51% 22%
Timeliness
Late
B on Time
. Early

FIGURE 3.BUS ONIME PERFORMANCE

IMPROVE OPERATIQMESSTION #2)

Are the bus average travel times decreased on the corridors where the TSP is implemented during the
weekday evening peak hour?

Over the course of a peak period rountlip on FX2, bus riders saved 8.2 minutes with TSP, a reduction of 6
percent. On the three segments with TSP, travel times were reduced by 8.8 minutes (9 percent). Travel times
on the segments without TSP observedtlé change, as expected.

The bus travel time for each segment and scenario is shownkigure 54. In general, bus travel time was
similar on the Downtown and Crossing segments in all scenarios. TSP was not implemented on these
segments, so this observation is expected. In general, bus travel time was faster on the Inner Division, Outer
Division, and Gesham segments after the implementation of TSP and the PBOT logic.

After implementation of TSP (but without the PBOT signal logic) travel time was reduced by about 5% on
segments with TSP implemented (Inner Division, Outer Division, and Gresham), however impacts varied by
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time period, direction, and segment. During the AM peak period, travel time on the Outer Division segment
was reduced by 7% for buses travelling towards Portland and 13% for buses travelling towards Gresham.

With the addition of the PBOT logic, travel time was further reduced by an additional 5% on segments with
PBOT logic implemented (Inner Division, Outer Division) for a total of a 10% reduction. However, impacts
varied by time period, direction, and segmenThe PBOT logic was not implemented on signals in the
Gresham segment. During the AM peak period, travel time on the Inner Division segment was reduced by
13% for buses travelling towards Portland and 10% for buses travelling towards Gresham comparetigo t
travel time when TSP was turned off.

Buses on the FXDivision route do not extend stop dwell time to realign the bus with the schedule.

Therefore, it is not expected for bus stop dwell time to change with the implementation of TSP or PBOT logic.
Bus stop dwell time is plotted in Figure 4 thighlight the portion of segment travel time the bus spends at

bus stops and confirm that bus dwell time remains consistent across the scenarios. For example, for bus
trips to Gresham on Outer Division during the AM peak period, when TSP was off, tranel for the segment
was about 16 minutes. Buses typically spent about 2.5 minutes of the 16 minutes at bus stops. When TSP
was turned on and PBOT logic was turned on the bus typically spent 2.5 minutes of theriBute travel

time at bus stops. Consideringhe time spent at bus stops accounts for one variable that may impact

segment travel time and helps isolate the benefits of implementing TSP and PBOT logic.

Transit Travel Time by Segment (Weekdays in May/June 2023)

Route  Segment

Start Pe.. (Segment) Scenario To Gresham To Portland Grand Total
AM  Downtown TSP off/PBOT off I 106 I 104 I 1.0
TSP on/PBOT off I 105 I .0 I ¢
TSP on/PBOT on I 0.6 I -4 I 0
Crossing TSP off/PBOT off P e D a2 -
TSP on/PBOT off o a2 D a6 I 128
TSP on/PBOT on G I I .0
Inner TSP off/PBOT off e D 152 D 254
Division TSP on/PBOT off .5 I 145 R 254
TSP on/PBOT on — 27 I 32 I
Outer TSP off/PBOT off R s I 17-¢ D 33.3
Division TSP on/PBOT off 13 I ez [ s0.1
TSP on/PBOT on I 30 I .0  ________________EU
Gresham TSP off/PBOT off D = B e - k=
TSP on/PBOT off 130 140 I 7.0
TSP on/PBOT on I I 4 I :::
PM Downtown TSP off/PBOT off I 2.3 I 0.6 I 229
TSP on/PBOT off I 124 I -3 I 3¢
TSP on/PBOT on I ¢ I 75 I
Crossing TSP off/PBOT off I 03 D 01 I 0+
TSP on/PBOT off — 02 ¢ I 20
TSP on/PBOT on —c [0 I 0.0
Inner TSP off/PBOT off T 14 O 156 = 4
Division TSP on/PBOT off I =6 I 150 I ¢
TSP on/PBOT on I 17 I < I -2
Outer TSP of /PBOT off I 174 I 123 I 365
Division TSP on/PBOT off I 7.0 I 15 I 55
TSP on/PBOT on I 5.0 I 127 I 549
Gresham TSP off/PBOT off D 14 I e D s
TSP on/PBOT off I .3 I 159 I 252
TSP on/PBOT on 15 I 50 N 2.7
0 10 20 30 00 10 20 30 00 10 20 30 40

Median Segment Travel Time (min) #| Median Segment Travel Time (min) #  Median Segment Travel Time (min) #

I TSP off/PBOT off
W TSP on/PBOT off
Ml TSP on/PBOT on

Measure Names
[] Median Time at Bus $top on Segment (min)

FIGURE &.BUS SEGMENT TRAVEL TIME BY SCENARIO
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BENEFIT/COST

PROCUREMENT, DEPLOMMENPERATIONAL COSTS

TheTriMet CloudBased TSP Pilot Project was funded through ODOT via the FHWA ATCMTD grant. The grant
total for this project was $6,380,000. These funds were allocated to several key project elements:

1 54%-TSP Vendor: System setup and provision of services for a period-g&éars;

1 28%- Consultant Team Support: Support for the procurement of the TSP vendor, pilot
implementation, ongoing monitoring, and program management;

1 14%- Siemens LRT System Testing: Systems development and testing of cloasked TSP for LRT
1 4%-INIT CAD/AVL System Update: Update of CAD/AVL system to provide probe data to TSP cloud.

For the TSP Pilot corridor, much of the signal and communication infrastructure, including fiber installation
and controller upgrades, were paid for by the Division Transit BRT Project, a Federal Transit Authority Small
Starts Project. This allowedriMet tomaximize federal funding by utilizing various grants to help complete

the BRT projectThese improvementsncluded an oversized 432 ribbon fiber cable to accommodate a range
of stakeholder needs, including signal connectivity for TSP operations. Alfficasignal controllers along the
corridor were also upgraded to Advanced Traffic Controllers (ATCs) wilig@ MAXTIME firmware.

BENEFIBSSAVINGS

It is commonly held that TSP is an effective tool in enhancing transportation systems. First, TSP often
reduces travel time for transit users. The U.S. Department of Transportation (USDOT) attributes an 8 to 12
percent time savings on routes using TSR Further, TSP has been found to improve schedule reliability.
Lastly, USDOT notes that TSP's increased efficiency leads to significant cost savingsstudy by USDOT
found that TSP reduces fuel and maintenance costs due to decreased vehicle st its debut year, FX2
Division served 40% more riders than the preceding ye&ar.

BUS TRAVEL TIME

TSP's many benefits led to its integration into the FXRvision project. As described in the Analysis Findings
section, the implementation of clouébased TSP as part of the TriMet FXRvision project resulted in a 6

20Mul ti modal Fundament al Course, 6 by Washington State Department of Transportat:i

BoTransit signal priority reduced average bus travel tChesady, 7r &s perdt il\be lpye,r& emyt
of Transportation (2013)

“ogTransportation Systems ManGQogsetmeArta laynsdi sO pGornapt e nodnisu nB,eén ebfyi tU. S. Department of Trar
50Comprehensive Evalwuation of Transit Signal Priority System |Impacts Using Field
®o0Evaluating FX2, First year of operationsé, by Keeling et al. (2023)
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percent overall average travel time savings and 9 percent on just the segments with TSP, consistent with the
national findings of TSP savings. In addition, @ime arrival performance was increased by 10%.

FUEL

The travel time savings additionally resulted in operational cost savings for TriMet with a reduction in fuel
consumption. During the TSP on/off study, TriMet saved approximately 680 gallons of fuel per week,
representing a 13 percent reduction in fuel casumption. This represents annual fuel savings of
approximately $90,000 for the FX line with TSP. This dollar value is based on the TriMet May 2023 price
for diesel of $2.54 per gallon.

PASSENGER TRAVEL TIME AND VALUE OF TIME

The passenger experience is evaluated looking at the total Annual Peak Period Passenger Travel Time
Savings and the Annual Peak Period Passenger Value of Travel Time Savings. The data and calculations for
these performance measures are detailed ifiable 54. In 2023 approximately 179,000 riders rode the

Division FX with an average trip length of 3.1 miles. As a result of the cldnaded TSP, these passengers
collectively saved approximately 2,500 hours of travel time in 2023. This represents a total savingsearly
$50,000 based on the United States Department of Transportation (USDOT) Value of Travel Times Savings
(VVTS) of $19.40 per hour for all purposes local travel.

TABLE 8.PASSENGER TRAVEL TIME AND VALUE OF TIME SAVINGS DATA

BUS ROUTE AVERAGE PEAK PERIOD TRAVEL TIME SAVINGS (MM:SS)

DIRECTION AM PM
TO GRESHAM 6:15 4:45
TO PORTLAND 3:45 2:00

Source: Background, Methodology, and Results of TSP On/S¢enarios on FXDivision, Kittelson & Associates (August 22, 2024)

AVERAGE PASSENGER TRIP LENGTH (MILES)

LENGTH MILES

TOTAL ROUTE LENGTH 15

AVERAGE PASSENGER TRIF 3.1

Source: TriMet Route Ridership Report, 2023

7“o0Background, Methodology, and RBisul $sonfTdSPniOnalOf MeBceaadiumsdé olmy FWRi ght et al .
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2023 PEAK PERIORIDERSHIP (PERSONS PER PEAK PERIOD)

DIRECTION AM PM TOTAL
TO GRESHAM 23,640 69,435 93,075
TO PORTLAND 55,875 29,760 85,635
TOTAL 79,515 99,195 178,710

Source: TriMet Bus Loads By Trip Report, 2023

2023 PEAK PERIOD PASSENGER TRAVEL TIME SAVIDIGS)

DIRECTION AM PM TOTAL
TO GRESHAM 505 1,125 1,630
TO PORTLAND 710 205 915
TOTAL 1,215 1,330 2,545

Source: Bus Route Average Peak Period Travel Time Savings * 2023 Peak Period Ridership

VALUE OF TRAVEL TIME SAVINGS §2023

$/HOUR

ALIPURPOSES LOCAL TRAVEL VTTS PE $19.40

Source: United States Department of Transportation (USDOT) 2016 Revised Value of Travel Time Guidance. 2023 inflation
adjustment based on US Census 2023 Median household Income of $80,610

2023 PEAK PERIOPASSENGER VALUE OF TRAVEL TIME SAVINGS ($)

DIRECTION AM PM TOTAL
TO GRESHAM $9,785 $21,800 $31,585
TO PORTLAND $13,760 $3,970 $17,730
TOTAL $23,545 $25,770 $49,315

Source: 2023 Peak Period Passenger Travel Time Savings * Value of Travel T3aéngs
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EQUIPMENT MAINTENANCE

There is no maintenance cost for the Clouse TSP system as there is no roadside equipment and no

mai ntenance beyond maintenance already covered for
TSP project. There were determined to be no substantial g&ys on maintenance with the Cloud TSP system

over the legacy TSP system for TriMet. The legacy TSP system utilized infrared emitters on the buses and
receivers on the signals. It was determined that the emitters on the buses are effectively cleaned with

regular bus washes and therefore there was no extra effort saved by not needing the emitters. The signal
agencies are responsible for maintaining the receivers. The infrared Opticom system is still in use for
emergency vehicle preemption and the receiverseacleaned during regular signal maintenance, as such

there is no savings by no longer using the receivers as part of the TSP system.

NETWORK

As part of the network setup, TriMet made an investment to protect against future data costs for the data
bandwidth needs of the cloud TSP system. TriMet refined the communications path by changing to a Google
Protocol Buffer to simplify the information edhange protocol. While TriMet does have an unlimited data plan
with Verizon, the availability of this plan in the future is unknown, and this change in the communications
allows for reduced bandwidth needs, while also being more secure and utilizing a spooprietary and an
actively supported open standard. The cost for this communications setup was approximately $50 thousand
to the onboard data system provider, INIT, and $25 thousand to LYT, for the configuration of the cloud side
of the communications.

MONITORING AND ANALYTICS

Further benefits are realized with the dashboard portal. The portal allows for more esfective operations,
where TSP can be constantly monitored in terms of both overall system performance and specific issue
detections. Since the portal is welbased, it is openly available to all traffic partners and allows them to
immediately identify potential issues at specific locations. This provides a great benefit over the legacy TSP
system where remote access and automotive performance measures were not avagablften resulting in

an unknown status of system condition and performance.

NONIRANSIT PERFORMANCE

NonTransit performance measures were assessed as par
travel time along the transit corridor and cross street travel time.

The On/Off study resulted in the following key findings:

1 There was no significant difference in motor vehicle travel time along the corridor with differences in
segment travel time no greater than 36 seconds (less than 5%) in difference.

Cross corridor vehicles travel times remained relatively constant for all scenarios. The greatest increase in
cross vehicle travel time was 6 seconds (11%). Some intersections experienced a slight decrease in cross
vehicle travel time with the TSP on
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AWARDS

of Transportation

Several prestigious organizations havecognized the innovative work of TriMet and its partners in
developing and implementing ClouBased TSP technology. Both Digi International and the Institute of
Transportation Engineers (ITE) have awarded TriMet for their achievements in improving traffétiency
and sustainability through cuttingedge transportation solutions.

Digi International, a global Internet of Things (IoT) technology company, recognizes organizations committed
to sustainability through their Green Tech Customer Innovation Awards. In 2024, TriMet won Digi

Il nternati onal

0s

CloudBased TSP work playing a key rofe.

a wa r datidn categotylioethelr lous feedt inanagenment, withrthein s p o r t

ITE hosts the Excellence in Transportation Awards to recognize outstanding achievements in transportation

and the vital role transportation professionals play in shaping communities. In recognition of their work on

CloudBased TSP for the Division Trangitoject, the team was the recipient of a 2023 Transportation
Achievement Award for its ability to use advanced transportation technologies to better address human

needs?® An article detailing the FXdivision project and its successful implementation was published in the

August 2023 edition of the ITE Journa?.

LESSONS LEARNED & CONSIDERATIONS

This section lists several lessons learned and additional considerations for a cléaased TSP
implementation, sorted by topic inrable 55.

TABLE 5.LESSONS LEARNED & CONSIDERATIONS

IMPLEMENTATION STRATEGIES

PILOT CORRIDOR IMPLEMENTATION

9 The Division FX project corridor was selected as the CleBaksed TSP pilot corridol
as it was Tri Metds first bu-BaseddPP sdlutid
offered increased performance and reliability to meet the goals of the Division F.
project. While this TSP pilot project was successful in allowing the Division FX
Project to achieve performance goals, implementing a pilot CleBdsed TSP
system concurrently on a new construction transit system that involved a new bt
fleet, new communicatons infrastructure, new traffic signal
installations/modifications, and new and complex mukinodal traffic signal
phasing made it a challenge to independently assess the performance of the Cle
Based TSP system, while also concurrently implementing aedting substantial
new infrastructure. It also increased the challenges in meeting project timelines.
TriMet ultimately was able to provide a full assessment by doing an independen

8o0Digi International

992023 Excellence

20 |ITE Journal, August 2023sage 27

n

Reveals 2024 Green Tech Customer Il nnovation

Transportation Awards, 6 by the Institute of
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IMPLEMENTATION STRATEGIES

on/off study approximately 8 months after the start of service by measuring tran:
and traffic signal performance with the system off for 2 weeks as compared to tt
operational TSP system.

1 Itis recommended for other agencies to consider implementing a pilot CleBedsed
TSP corridor along an existing transit line with known and tested infrastructure,
thus reducing the variables associated with the TSP project itself. This would he
with accelerated project implementation timelines and cleaner ability to assess tt
benefits of the TSP system itself in isolation.

1 TSP can be successfully implemented at single locations or along short segmen
However, the context of the surrounding corridor needs to be considered to avoi
downstream delay impacts. Implementing TSP at only a few locations along a-w
SPOT/SELECT LOCATIONS coordinated sgnalized corridor may result in downstream delay increases by
disrupting the vehicle platoon progression where the priority vehicle may arrive
substantially out of sync with the green band, offsetting upstream travel time
savings.

1 Substantial lengths of priority lane treatments are recommended leading up to a
gueue jump phase to provide enough distance to bypass adjacent lane traffic
gueues that results in enough travel time and reliability savings to offset any del:
impacts assocated with waiting for the bus queue jump signal phase.

1 CloudBased TSP calls for a queue jump phase may be placed up to 2 minutes
before the bus arrival. During less congested periods it may be more efficient fol
operator to merge into an adjacent through lane upstream of a traffic signal with
queue jump,however there is risk that the queue jump phase call may result in tl
through lane green phase being terminated and potentially stopping a bus that r
merged. To avoid this situation and to eliminate the need for operators to make .
judgmentbased decigon, there is a standard operating procedure (SOP) that all
operators must use the queue jump phase where present, regardless of adjacer
traffic conditions, unless otherwise directed by dispatch.

QUEUE JUMP AND@®NISY SIGNAL PHAS

1 Bus-only signal phase operations along the Clot®ased TSP corridor
implementations are called only by TSP from LYT. If communications are lost to
controller, then TSP is unable to place the call, and the bus will be unable to be
served by the busonly phase. When communications are lost, the LYT system
provides an alert that is routed to dispatch where they instruct the operator to
merge upstream of a queue jump operation. TriMet will work with signal agency
partners on future installations of CloudBased TSP at busnly signal phases to
identify redundant communication solutions to avoid the need for dispatch
intervention.
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ITS ARCHITECTURE/COMMUNICATION:

COMMUNICATIONS REDUNDANCY

1 Providing reliable and resilient communications to the traffic signals is critical to
the success of continued, efficient, and reliable ClotBased TSP operations. The
Division FX project utilized a fiber collapsed ring architecture where redundancy
provided by using different individual fibers within the same cable. This approacl
was cost effective, but resulted in vulnerabilities to full communication loss throu
cable breaks. Future CloudBased TSP implementations recommend a full
redundant ring archtecture that provides an alternate path back to the central hu
that is physically separated from the other ring segments.

1 Providing redundant ring structures for future implementations can substantially
impact the cost of future TSP implementations depending on the length of
communications needing to be constructed and whether the lines are aerial or
underground in conduit.

TRAFFIC SIGNAL LATENCY

1 Traffic signal latency measures the time it takes for data to travel to and from
traffic signals. High latency can result in inefficient operations. While latency car
manually tested in the field, this can be time consuming. TriMet and the traffic
signa agency partners are able to leverage LYT's Live Operations Portal to mon
measured signal latency in redime. Locations with high latency are flagged and
alert the system operators of potential issues. [NOTE: communications latency
between bus and taffic signal controllers was not identified as a problem with the
solution as deployed by TriMet along Division.]

1 High traffic signal latency can be an issue for some traffic signals connected usil
cellular or copper communications. While copper communications are often
sufficient for CloudBased TSP operations, they are more prone to latency issues
than fiber commurications. All future communications installations to support
CloudBased TSP are recommended to be fiber.

1 Palo Alto firewalls were required by partner traffic signal agencies to maintain

CYBERSECURITY . .
satisfactory network security.
TRAINING
1 Itis recommended that bus agencies record how the busly lane is intended to
work on video prior to TSP implementation, for trainimgrposes.
VIDEO
i Take videos at the beginning of the project of a bus running the entire route in e
direction.
OPERATOR 1 Provide ample training opportunities for operators and budget sufficient time to

complete the training programs.
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DOCUMENTATION

1 Create a comprehensive Operations and Maintenance manual so maintenance,
operators, dispatch, training, and other staff understand the elements and
operations of the clouebased TSP system.

1 Considerdeveloping formal documentation about how to use the LYT portal and
any new features as they arise.

1 Work with signal agency staff early to identify any controller firmware custom log
OVERALL DOCUMENTATION needs to accommodate any unique phasing needs.

1 Conduct a "No TSP" study period prior to turning on the TSP system in order to
an accurate before/after study or have a planned and scheduled off period after
opening should TSP also be part of a new transit line and TSP is critical to the
success ofopening a new project.

1 Involve signal agency partners in the beginning of the project with a stakeholder
kick-off meeting.

1 Formally approve all testing documentation in the earliest phase of the project.

PREPROJECT CONFIGURATIONS 1 Have clear documentation about roles antesponsibilities to help plan staff and
sequence work appropriately. (i.e. When will roles change? Who is implementini
things and maintaining items? When does handoff occur?)

1 Streamline process for collecting intersection data including configuration and
timing databases through a data collection plan.

1 Work directly with the signal controller firmware developer to test new firmware
TIMING versions.

1 Signal agency to document and share with transit agency and other peer signal
agencies any custom signal logic necessary to implement TSP or advanced
features that complement TSP.

1 Understand safety certification in the early stages of the project.

SAFETY CERTIFICATION 1 Do the LYT Maestro configuration early. Educate personnel on how Maestro wo

and how to configure with firewalls.
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SCHEDULE

1 Define opportunities for testing concurrent with construction.

1 Provide a clear scope and schedule prior to construction so that it may be
integrated into the overall strategy.

1 Have LYT monitor th&efore-TSP data period. Collect data for a minimum of two
weeks with no TSP, then turn TSP on and continue to collect data.

1 Plan for delays in construction schedule. Testing of the TSP system was planne
SCHEDULE be done months ahead of the BRT project opening, however due to delays in th
fiber construction and subsequent traffic signal controller installation by signal
agency staff this left only a matter of weeks to complete the testing of the TSP
system. Despite the delay, the testing was successfully completed by the openir
of the BRT project.

1 When signal agency staff are implementing signal timing, staff time needs to be
scheduled to account for developing and testing T&Pecific signal timing.

1 Coordinate early with agency IT departments and network security efforts.

TESTING
1 Testing is a crucial step of the process that requires close coordination between
the transit agency, signal agencies, TSP vendor, signal vendor, and the consult:
team.
1 Produce a TSP integration test plan in advance. Determine early on who is goin
be involved and what needs to be done.
1 Having signal agency staff and the LYT team all together on a test vehicle was
instrumental in the beginning.
1 Anticipate schedule impacts of initial learning curve of testing procedure.
1 Consider developing a Memorandum of Understanding (MOU) between TSP an
signal vendor to allow for efficient communication and collaboration.
TESTING

1 Provide ongoing monitoring of signal and TSP operations after implementation t
identify and document any deficiencies that may arise from firmware bugs or
miscoding in the controller firmware.

1 On the controller, ensure there are sufficient ports available for LYT.
1 Ahead of testing, have bus operator training staff scheduled for testing.

1 Anideal testing environment would include a TV/display showing what the TSP
doing in realtime allowing the testing team and other stakeholders to observe th
operations. This testing display can be configured in both an office environment
and on a teg bus.

1 Consider robust public education, especially for the bus only lanes. The public
perception is often, "is that bus going through a red light?"
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NEXT STEPS

SYSTEM WIDE IMPLEMENTATION

The project's success stronglsupports the wider adoption of an equitable ClouBlased TSP implementation
as grant and agency funds become available, especially on higbquency corridors like Line 72 on

Portland's 82nd Avenue and Line 33 on McLoughlin Boulevard, which are alreadyedaor implementation.
Discussion is also underway about applying Clo&@&sed TSP along Portland's MAX Light Rail, with particular
interest in Hillsboro's 185th corridor. TriMet is actively identifying future CloBased TSP locations in
partnership with Better Bus and collaborating with Nelson Nygaard on an FX (BRT) Master Plan likely to
incorporate this technology.

As the CloueBased TSP network expands, its efficiency will increase due to greater coordination across the
system. Along with the continued implementation of Clot&hsed TSP, considering the implementation of

the Sydney Coordinated Adaptive Traffic SystdBICATS) could be beneficial. While CleBdsed TSP focuses

on improving the efficiency of specific vehicles, SCATS focuses on general traffic optimization. To provide an
enhanced transportation system, ClouBased TSP and SCATS could work together to ioy& overall
transportation efficiency.

Given the anticipated expansion of ClodBlased TSP, ongoing evaluation of its effectiveness is crucial,
particularly its impact on other modes of transit.

EXPANDING NEW MODES

As part of the implementation testing of the LYT system, a proof of concept was evaluated for implementing
the technology on the light rail transit (LRT) systemYTand Wir oni x, Tri Met 6 s vendor
information, explored the feasibility of using their light rail AVL feed from four traguipped with WATronix

Violet devices. LYT and Wionix validated the data available through the existing/iFTronix API and

confirmed that LYT could retrieve basic telemetry data for the four test trainghwthe Violets: vehicle ID,
timestamp latitude/longitude, speed, and bearing. The following improvements to the API were identified

that would make it suitable for LYT TSP:

1 Route ID: The existing Wironix API does not provide route ID. Providing a train route 1D would
enable LYT to determine when a train is eligible for TSP and use the collected data in LYT's machine
learning model training.

1 Pushbased architecture:WiTronix's APl made data availablarough a mechanism that requires LYT
to send a pull request every second for new data. Changing this architecture to automatically push
new data to LYT as it becomes available would make transsion more efficient with lower latency.

9 Schedule adherencethe existing WATronix APl does not provide schedule adherence. Providing
scheduleadherence would enhance LYT's machine learning models and enable LYT to determine
when to apply conditional business rules centered on scheduled adheren required by TriMet.

With this proven proof of concept, TriMet will be exploring applications for Clddsed TSP with LRT, such
as prepreemption calls to run traffic cleaout traffic phases or serve pedestrians ahead of a preemption
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call. Beyond bus and LRT applications, there is an opportunity to explore the use of CRasked TSP to
paratransit and streetcar applications. Paratransit is a critical service offered by TriMet to a transit
dependent population who would benefit from imeased service speed and reliability offered by the Cloud
Based TSP system. Further considerations for paratransit applications will need to consider the Oregon
Administrative Rules (OAR) and the ability of paratransit to legally use TSP, as well asdtggpment needs.
The City of Portland operates the Portland Streetcar, a predominately mixedfic streetcar system. This
system is prone to traffic signal delay given the mixdidw operations and would greatly benefit from Cloud
Based TSP. trthermore, as morediscrete systems are integrated in the cloudased system, there will be
more opportunities to improve multmodal traffic optimizations as all road usage needs will be easily visible
and available for analysis.

SCATS INTEGRATION

There are several adaptive traffic signal systems in the Portland Metro Region that use the Sydney

Coordinated Adaptive Traffic System (SCATS). This system coordinates traffic signals along a route optimizing
cycle lengths and green times using reéime detector inputs. While this system does offer TSP inputs, the

SCATS system is not NTCIP 1211 compliant and is therefore not compatible with the LYT TSP technology.

TriMet currently operates several lines through these SCATS systems, but does not operate [TBP

possible, however, for SCATS to utilize the legacy infrared system in order to operate TSP with SCATS.
Through Tri Metds Better Bus Program, Tri Met is work
explore alternatives to provide the conneciity needs in order to operate ClouBased TSP with SCATS.

EXPANDBRDTOMATED PERFORMANCE MEASURES

TriMet is looking to expand the features available on the LYT dashboard to be able to monitor additional
performance measures that will be used to assess ongoing performance over time as well as support
reporting to stakeholders and the public on the syste improvements. These performance measures will
also be used to seek grant opportunities for further systemide implementation. Currently, TriMet is seeking
to monitor fleet fuel consumption and calculated emissions to provide new insights into maintenarand
operations costs and environmental impact. As the fleet upgrades over time, future measures may include
battery health and consumption.
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Washington County Cornelius

Pass Road Arterial Corridor

PROJECT DESCRIPTION

This Washington County Cornelius Pass Road Arterial

Corridor Management project implemented a variety of

Intelligent Transportation System (ITS) treatments to

enhance safety and mobility on Cornelius Pass Road fron

US30 to TV Highway. The ITS componentsialled were .
two rural curve warning systems with a road and weather MULTNOMA h/\
information station and a camera for locations with the s
most run off the road crashes, and cellular connection to VCOUNTY \
advise of weather conditions near the high elevation
points on CorneliusPass Road. A variety of signalized
intersections were modified to enhance the ability to
detect pedestrians and improve operations. Key ik
components of the traffic signal improvements of the 3l
project include:

Omelis P ass
y <

G
=

NW Old

9 Battery backup systems

9 Pedestrianbicycle counting and bike detection \
confirmation systems  NEJucobsonst.

Adaptive pedestrian safety system
Red light crash mitigation system
Traffic signalcontroller upgrades and reéiming

= =/ =4 =

Firmware development to support adaptive
pedestrian and red light running

1 Central traffic signal software licenses for
Washington County

Figure 61 shows the extent of the project area. &, Dynamic curve
& 4 wnseiess warning signs
FIGURE B8.PROJECT AREA BSANRSHINGTON COUNTY %‘— ® Traffic signal
CORNELIUS PASS ROAD ARTERIAL CORRIDOR MANAGE — S improvements
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The objectives of the project were to develop, implement, and operate the Cornelius Pass Road Corridor
Arterial Management treatments within budget, eachedule, and accomplish the expected safety and
mobility benefits along this rural, suburban key regiahroadway connection. The project treatments along
Cornelius Pass Road were expected to enhance traveler information regarding crash events, weather events,
and travel time, which will, in turn, enhance mobility and reduce delays and emissions. The ptdgc
expected to enhance freight mobility and safety by the implementation of truck extension at specific
locations along Cornelius Pass Road.

The treatments should have enhanced safety by reducing the frequency and magnitude of:

Run off the road crashes (curve warning system, weather information system),

Red light running related crashes (red light crash mitigation system)

Bike and pedestrian failure to obey traffic signal device events (adaptive pedestrian safety system)
Vehiclepedestrian crashes (adaptive pedestrian safety system)

Crashes during weather events, such as heavy rain, snow, ice (VMS and weather stations)

=A =4 =4 =4 4 4

Crashes due to missed trends in operations, such as neaisses (bikepedestrian performance
system andAutomated Traffic Signal Performance Measures, truck priority and transit priority)

1 The project was constructed and deployed during the period of September 2022 through January
2023. Total project cost was $2.7 million.

PROJECT BACKGROUND

As part of this Washington County Cornelius Pass Road Arterial Corridor Management project, two rural curve
warning systems, and several traffic signals were upgraded. The goals of the project included improving
safety and enhancing mobility.

The project was originally supposed to include a variable message sign (VMS) on northbound Cornelius Pass
near US 26 to alert motorists on Cornelius Pass Road of weather events and incidents. The VMS was deleted
from the project because of cost, utility ah right-ofway conflicts.

CORRIDOR OPERATIONS

The corridor operates differently in different sections. The northern section of the corridor is a ruraHame
highway that connects the Beaverton and Hillsboro areas with US 30. The corridor acts a conduit for people
commuting from the St. Helens an&cappoose area to tech firms in Washington County.

The southern portion of the corridor from NW West Union Road to Tualatin Valley (TV) Highway is an urban
signalized corridor providing access to US 26 and commercial and employment destinations in Beaverton
and Hillsboro.

North of US 26 the northbound peak is in the afternoon with traffic heading away from US 26 towards
residential areas north of the highway or towards US 30. The southbound peak is in the morning with traffic
heading towards US 26.

ODODREGON SMART MOBILITY NETWORK EXALUATIDNE 2025 10¢



of Transportation

@ Washington County Cornelius Raad Arterial Corridor Management m Derariment

South of US 26 both the northbound and southbound peaks are in the afternoon, although the northbound
peak is significantly higher. There are approximately 2,000 vehicles in the northbound peak hour versus
1,500 vehicles in the southbound peak hour.

EVALUATION

EVALUATION GOALS, OBJECTIVES AND QUESTIONS

The goals of the project include improving traveler information, improving safety, improving mobility, and
improving operations. The objectives of the befoand-after evaluation are to measure how well the
improvements achieved the project goalsiable 61 summarizes the project goals and specifically how the
goals will be evaluated.

TABLE 6.EVALUATION GOALS, OBJECTIVES AND QUESTIONS

GOAL AREA  DESCRIPTION/OBJECTIVES EVALUATION QUESTION
Reduce speed in vicinity of curve Determine if the average and median speed through the horizontal
warning systems curve is reduced.
IMPROVE o . . . .
SAFETY Reduce crash potential within the Determine if redlight-running and/or nearmiss events are reduced.
corridor Determine how effective weather messaging and VMS alerts are in
Reduce weather related crashes reducing weatherrelated crashes in the corridor
IMPROVE Determine if thevariability of average travel speeds has decreased on
Improve travel time reliability Cornelius Pass Road from US 30 to TV Highway during the weekday
MOBILITY )
evening peak hour.
Determine if the variability of average travel speeds has decreased on
IMPROVE Improve freight travel time Cornelius Pass Road from US 30 to TV Highway during the weekday
OPERATIONS mprove pedestrian service evening peak hour.
operations Determine how many times the pedestrian system is activated by mod:

call cancellation mode and interval extension mode.

PERFORMANCE MEASURES

Table 62 shows the performance measures and data sources that were used to evaluate project

performance. Video analytics were to be used to help determine before and after red light running events

and near misses. Unfortunately, the signals were not recorded in thefore period. As a result a before and

after comparison could not be completed. In lieu of video analytics, the team used crash reports from the
Washington County Sheriffdés Office to evaluate befo
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TABLE B.PERFORMANCE MEASURES AND DATA SOURCES

EVALUATION OBJECTIVE PERFORMANCE MEASURES ASSOCIATED DATA TYPE

1. DETERMINE IF THE AVERAGE AND ME[ &) Average speed

SPEED THROUGH THE HORIZONTAL CI b) Median speed
WERE REDUCED

1 Travel speed/time at 5
minute intervals
c¢) 95th percentile speed

2. DETERMINE IF REIHRUNNING AND/OR T) Number of redlight running activities T Crash Reports

NEARMISS EVENTS WERE REDUCED  g) Number of neamiss events 1 ATC controller logsred
clearance extensions

a) Average speed
3. DETERMINE IF THE VARIABILITY OF AV

TRAVEL SPEEDS DECREASED ON COR ¢) 95th percentile speed .
PASS ROAD FROM US30 TO TV HIGHW, ) puffer index 1 travel speed/time at 5-

DURING THE WEEKDAY EVENING PEAEk S minute intervals
e) planning time index

1 Road segment length

4. DETERMINE HOW OFTEN AND TO WHA
MAGNITUDE WERE TRUCK EXTENSION
PRIORITY SERVICE GRANTED

i) Number of requested and granted truck 9 ATC controller log$ truck
priority services priority extension

5. DETERMINE NUMBERMES THE . . .
PEDESTRIAN SYSTEM WAS ACTIVATEL J) Number of pedestrian call cancellations ¢ pedestrian actuations
EITHER CALL CANCELLATION MODE O} k) Number of pedestrian interval extensions system logs
INTERVAL EXTENSION MODE

Additionalconsiderations in using these performance measures in the before and after evaluation are
described in the following sections.

A) AVERAGE SP&HIB) MEDIAN SPEED

For the southern portion of the corridor, average and median travel speeds are used to measure the
effectiveness of the mobility goal, specifically for the weekday evening peak hour. We propose to evaluate
the data fornon-holiday weekday(Mondayd Friday), during the hours 08-6 p.m.,and determine themost
appropriate 60-minute period for the evaluation.

The curve warning site includes a side fire radar unit capturing speeds, volumes, and occupancy. An
analysis of the radar data will show if motorists are slowing down for the curves. Speeds from the radar unit
were used to measure average and median speed

C) 95HPERCENTILE SPEED

Similar to the average travel speed, the 9%5percentile speed will aggregate data for the same time period,
and report the metric fomon-holiday weekdayMondayd Friday), during the peak 66ninute period within
the hours of3-6 p.m.
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D) BUFFER INDEX AND E) PLANNING TIME INDEX

Buffer Index and Planning Time Index will be calculated based on the average speed/travel time fi@e
speed/travel time, and 95h percentile speed/travel time. Therefore, these metrics will also be reported for
the same peak 60minute period.

F) NUMBER OF REEHT RUNNING ACTIVITIES

Number of redlight running activitiesis used to measure against the safety goal. For each location where
red-light crash mitigation system is deployed, summarize the reatension events in the after period.

H) CURVE WARNING INCIDENT RATE

Due to the substantially lagging availability of crash data, we propose to use traffic incident data to measure
the effect of curve warning messages. The traffic incident was calculated as the number of incidents at a
given location (a roadway segment, itis case.)

I) NUMBER OF REQUESTED AND GRANTED TRUCK PRIORITY SERVICES

This metric is used to measure against the operations goal. ATC controller logs record the truck priority
requests and grants. We will summarize how often this service is requested and granted during the after
period.

J) NUMBER OF PEDESTRIAN CALL CANCELLATIONS AND K) NUMBER OF PEDESTRIAN INTERVA

This metric is used to measure against the operations goal. The pedestrian actuations system records
pedestrian call cancellations and pedestrian interval extensions. We will summarize the number of activities
recorded by the system, by mode, during thetaf period.

EVALUATION PERIOD

Based on the actual project deployment schedule and evaluation data availability, the following periods were
used for the data collection. Eacldata collection periodaims to capture the most available data, within the
project timeline, for the evaluation purposes.

1 Beforedata collection period: July 2021 through June 2022
1 Afterdata collection period: July 2023 through June 2024

DKS will then screen the data sets for completeness and quality, perform preliminary statistical analysis, and
determine the evaluation periods for the before and after analysis. The goal is to have a minimum of six
months of data in each evaluation periotlb summarize meaningful traffic trends, and the actual evaluation
periods will depend on results of the data screening.
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DATA COLLECTION APPROACH

DATA TYPES AND SOURCES

Table 63 summarizes the data sources and how they will be acquired for each data type identified above.
The collection process will be a collaboration between the consultant and ODOT.

TABLE 8.DATA SOURCES

DATA TYPE DATA SOURCE RESPONSIBLE PARTY

ROADWAY SEGMENT LENGTHS Google Earth or GIS DKS

ODOT dispatch system and Washington Coun DKS/ODOT/ Washington

INCIDENT LOGS AND CRASH DATA Sherrifés Office County

INRIX data via RITIS
SPEED/TRAVEL TIME DKS/ODOT
Sidefire Radar

CONTROLLER LOGS @ERARANCE AND TRUC

PRIORITY EXTENSION ATC system Washington County

PEDESTRIAN ACTUATION LOGS Pedestrian actuation system Washington County

DATA PROCESSINGEWEW

This section summarizes data quality, processing, and completeness chepksformed for each data
source.

ROADWAY SEGMENT LENGTHS

Segment lengths were taken from the GIS shapefile matching the INRIX XD data segments and was verified
using Google Earth. Freeway segment lengths may include mainline segments and ramp or connector links if
needed. Segment lengths may be aggregated andreist of multiple INRIX XD segments.

INCIDENDGS AND CRASH REPORTS

Incident data was requested directly from ODOT. Incident data was reviewed to ensure that there are no
outliers, and all data is recorded as expected. DKS worked with ODOT to understand any potential
discrepancies in the data before using it for analysis.

Additionally, DKS requested crash data from Washing
intersections. This is crash data that is submitted to ODOT for inclusion in the statewide database. There is
a time lag before the ODOT data is available.
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SPEED AND TRAVEL TIMES

DKS will download travel time and speed data from RITIS which contains INRIX seginased speed data.
The higher resolution XD segments will be used for this analysis. Note that INRIX updates its XD segment
map twice a year and care should be taken to uske same map version and segmentation for both before
and after time periods. INRIX data will be downloaded in five and-itbnute increments based on the list of
study segments to be used in the analysis.

After the data is downloaded, quality checks can be performed by creating speed contour plots, which are
heatmaps of the speeds along the study segments by time of day. They show where the delays or
bottlenecks occur along the study corridor by time of dayd can be used to identify any speed anomalies.
Speed data will be reviewed for outliers at the XD segment level before aggregating as needed for the
performance measures.

Speed data in the curves was provided by ODOT from side fire radar that was installed as part of the project.

ATGONTROLLEBRGS

Controller log data will be requested from Washington County at the relevant signalized intersections along
the study corridor. Specifically, the log data should contain information on red clearance intervals and truck
priority extensions. This data willdreviewed for outliers and DKS will work with ODOT to review any
potential discrepancies before using the data for analysis.

PEDESTRIAN ACTUATION SYSTEM LOGS

Pedestrian actuation data will be requested from Washington County at all relevant signalized intersections
along the study corridor. Data will be requested at each individual actuation point as there maybe multiple
locations per signal. Specific data pots that will be collected include call cancellations and pedestrian
interval extensions. This data will be reviewed for outliers and DKS will work with ODOT to review any
potential discrepancies before using the data for analysis.

RESULTS

EVALUATION OF THE ITS SYSTEM IN THE HORIZONTAL CURVES

The results for the ITS System in the horizontal curves will be evaluated separately from the traffic signal
improvements as the performance measures are different, and the system does not impact the signals.

SPEEDS IN THE HORIZONTAL CURVES

In order to assess the impact of the curve warning signs on vehicle speeds through the horizontal curve at
M.P. 2.85 and 3.13, the team evaluated the speed of vehicle traffic with the signs on and with the signs
turned off.

Speeds were not collected systematically before the system was installed. It is impossible to do a true before
and after study. ODOT provided data from the systen
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2023 through February 28, 2023. (February 189 and February 2516 were weekends. All other days were
weekdays.

The signs were deactivated or O0OFF6 for the&angperi od
April 1516) were weekends. All other days were weekdays.

Table 64 below shows the difference in average and median speeds. In all cases the average and median
speeds were reduced with the signs O0ONO. The avera
median reduction ranged from 6% to 14%.

TABLE 8.WASHINGTON COUNTY CORNELIUS PASERABE AND MEDIAN SPEEDS WITH CURVE WARNING SYSTE

GNS ON PERCENTAC(
23) CHANGE

AVERAGE MEDI AN S| AVERAGE MEDI AN S AVERAGE ME D | S\RE E

( MPH) ( MPH) ( MPH) ( MPH)

2.85 SB %
WEEKDAY 31.9 33.8 30.2 31.3 6% 8%
WEEKEND 36.7 37.2 325 32.7 -13% -14%
3.13SB

WEEKDAY 29.2 30.7 28.0 29.0 4% 6%
WEEKEND 33.2 33.7 30.4 311 9% 8%
3.13NB

WEEKDAY 34.5 34.7 31.5 32.1 -10% 8%
WEEKEND 35.9 35.9 314 32.1 -14% -12%
2.85NB

WEEKDAY 36.4 36.4 32.8 33.9 -11% 1%
WEEKEND 38.1 38.0 33.8 34.8 -13% 9%

On average, travel speeds decreased more on the weekends than on the weekday, four versus two miles per
hour (mph). In thenorthbound direction average weekend speeds decreased by 14 percent versus 11

percent in the southbound direction. The implemented system achieved the project goal of reducing speeds
in the vicinity of curve warning systems.

TRAVEL TIMES ON THE RURAL SECTION OF CORNELIUS PASS ROAD

The analysis question asked about the variability of travel times on Cornelius Pass Rd. from US 30 to the
Tualatin Valley Highway (T.V. Hwy., OR 8). The nature of the project is that many of the signals were
improved at the southern end of the project frm T.V. Hwy. to NW West Union Road. North of NW West Union
Road to US 30, the corridor is primarily rural. The only improvement in this area was the curve warning

ODODREGON SMART MOBILITY NETWORK EXALUATIDNE 2025 11t



of Transportation

@ Washington County Cornelius Raad Arterial Corridor Management m Derariment

system. This would likely have a small effect of reducing the speeds on Cornelius Pass Road. The team was
concerned that including the rural and urban sections would make it difficult to distinguish the impacts of
the signalized intersection improvements.

Table 65 shows the time in which the speed data was collected. The speeds and travel time for the PM peak
hour in the rural segment are shown iffable 66. The same data is reflected in a bar graph igure 62 and
Figure 63.

TABLE 5.DATA COLLECTION PERNHEKDAYS NB 42®0 P.M. PEAK HOUR, SB&aD P.M. PEAK HOUR

CORRIDOR LENGTH = 7.13 MILES (NW W UNION RD TO HWY 30)

SEGMENT DATE
BEFORE 7/1/2021 to 6/30/2022
AFTER 7/1/2023 to 6/30/2024

TABLE 6.CORNELIUS PASS ROAD (RBEWMENT)

95TH

FREE FLOW AVERAGE g5TH FREE FLOW AVERAGE
SPEED SPEED PERCENTILE TRAVEL TIME  TRAVEL TIME 'II?RI'EAR\S:IELN:II:III\I#EE ﬁﬂg’;‘i" TF;',\'A’:‘ENI';‘\I'S'EGX
(MPH) (MPH) SPEED (MPH) (MIN) (MIN) I
m
@
8 NB 41.08 36.59 40.93 10.42 11.69 14.41 0.23 1.38
i,
o
SB 40.65 38.88 42.56 10.53 11.01 12.21 0.11 1.16
o
Lll_J NB 42.54 35.13 40.06 10.06 12.18 14.77 0.21 1.47
LL
<
SB 42.19 38.58 42.46 10.14 11.09 12.45 0.12 1.23
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Cornelius Pass Rd Travel Speeds
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FIGURE B.CORNELIUS PASS ROAD RURAISPEEDSL

Cornelius Pass Rd Travel Times

Free Flow Travel Time (min) Average Travel Time (min) 95th Percentile Travel Time (min)
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FIGURE &.CORNELIUS PASS ROAD RURAL TRAVEL TIMES

In the rural section, the variability of travel times increased for the most part. The section became slightly
less reliable. The 9% percentile travel time and the planning time index increased slightly in both directions.
The buffer index decreased slightly northbound and increased slightly southbound.

As noted previously, the only change in this segment was the implementation of the curve warning system
that generally lowered speeds in the curves. This would account for at least some of the changes in travel
time.
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[ WEATHER RELATED MESSAGES AND CRASHES IN THE
HORIZONTAL CURVES

The goal of this performance measure was to

# determine how effective weather messaging and
VMS alerts are in reducing weatheelated
crashes in the corridor. Unfortunately, a
northbound VMS on Cornelius Pass Road was
eliminated from the project because otosts, as
well as rightof-way and utility impacts. This VMS
would have provided specific information to
travelers on the road and weather information.

In lieu of this, the team evaluated wet weather
crashes in the before and after condition. The
team also reviewed VMS messages on nearby

| highways that would provide information to
travelers using Cornelius Pass Road.

CRASH METHODOLOGY

The evaluation used ODOT Incident Logs from its
dispatch software instead of reported crashes

because of the significant delay in processing

reported crashes from the Department of Motor
Vehicles (DMV). This allowed the safety analysis

to be completed much sooner than if the

analysis relied on official crash reports. The data

in this report are incidents that were |l ogged into
Incidents are recorded by ODOT dispatchers from reports from ODOT IncidespBnders or local agency
emergency responders. The dispatcher would note in the report whether the incident was a crash or

something else such as a disabled vehicle. Unfortunately, the incident data only notes the severity of the

crash if it is a fatal cash. As a result, assessing changes in crash severity is challengifgr this report,

when the term o0crashdé is used, i tTheaerafysisdbaovorilysappkes i nc
to the segment of Cornel i uten m&S 30 MPD.00) o U286 (7.88DDOT DI s

CURVE WARNING SIGN INSTALLATION

CRASHES IN THE HORIZONTAL CURVES

In the horizontal curves, there were a total of 2 crashes in the before period and 10 in the after. As a
comparison,Table 67 below shows the number of crashes in the before and after period at the horizontal
curve (MP 2.753.25) and the part of the corridor under ODOT jurisdictiohable 68 below shows the count
of attributes of each crash including roadway conditions, rain during the day, and rainfall during the crash
hour. In a few cases, rainfall data was not available.

The after period was observed to have more crashes than the before period both in the horizontal curve and
the corridor. There was also more rain during the day and crash hour in the after period.
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TABLE B.CRASHES ON THE HORIZONTAL CURVE VS CRASHES ALONG THE CORRIDOR

SEGMENT BEFORE AFTER
HORIZONAL CURVE 2 10
CORRIDOR 33 46

TABLE 8.CRASHES ON THE HORIZONTAL CURVE BY ATTRIBUTE

RAIN DURING NO RAIN DURING  RAIN DURING NO RAIN DURING

STUDY PERIOD THE DAY THE DAY CRASH HOUR CRASH HOUR NO DATA
BEFORE 2 0 0 2 0
AFTER 5 2 3 4 3

Crashes may have increased in the after period because of normal statistical variation in the number of
crashes or there may have been more periods of wet weatheknother possibility is that ODOT took
jurisdiction of the highway on March 31, 2021. 911 Dispatchers may not have integrated this information
and have been |l ess |likely to report incidents to
period.

CORRELATION WITH REPORTED CRASHES

ODOT has official reported crash data through December 31, 2022 available. This period covers the before
period of the analysis. The team compared incidents reported as crashes in the before period with actual
reported crashes.

For the entire segment, there were 32 reported crashes compared with 33 incidents reported as crashes. Of
those 32, 8 were reported occurring when the pavement was wet. 14 of the 32 crashes were property
damage only while 18 were reported as injury crashegth 30 total injuries occurring.

The segment in the curve (MP 2.75 to 3.25) had 4 total reported crashes compared to 2 incidents reported
as crashes. Of the four crashes, one was reported as occurring in wet conditions. 3 of the 4 crashes
reported injuries.

VMS MESSAGES

ODOT has two permanent VMS messages that would likely provide travelers who migh@#€ornelius
Pass Road. One is US 26 westbound just east of the 18Bve Interchange. The Cornelius Pass Road
Interchange is the next exit to the west after NW 18%Ave. In both the before and after period the VMS
provided no messages regarding road and weather information on Cornelius Pass Road. It did provide
information when Cornelius Pass Road was closed for a crash or construction.

Thereis also a sign on eastbound US 30 just west of the junction with Cornelius Pass Road. Similarly, the
sign provided information when Cornelius Pass Road was closed or delayed by a crash or road construction
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however, the sign did not provide specific road and weather information on Cornelius Pass Road. In the after
period, it did provide 9 warnings of icy conditions compared to none in the before condition, but those
warnings were not specifically for CornebuPass Road.

EVALUATION OF THE TRAFFIC SIGNAL IMPROVEMENTS

SAFETY AT TRAFFIC SIGNALS

This section covers the safety evaluation of the traffic signal upgrades.

CRASH EVALUATION

The team evaluated crashes at the signalized intersections in the corridor. All of these had controller

upgrades. The team used Washington County Sheriffds

following intersections:

NE Imbrie Drive

NE Evergreen Parkway.

NE Ronler Drive

NE Cornell Road

NE Walker Road/Northeast Butler Street
NE Walbridge Drive/ Northeast Aloclek Drive
NE Cherry Drive

NE Wilkins Street

NE Quatama Street

W Baseline Road/E Main Street

SE Lois Street

=A =4 =4 =4 4 -4 4 4 -4 -4 -4

The number of crashes in the before and after conditions are shown belowliable 69:

TABLE 8.CRASHES AT IMPROVED SIGNALIZED INTERSECTIONS

SEGMENT BEFORE AFTER

SIGNALIZED SECTION 33 28

The team then looked at signals where specific safety measures were implementédble 610 shows the
specific intersections and the crash history.
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TABLE 60: CRASHES AT TRAFFIC SIGNALS

SIGNAL IMPROVEMENTS BEFORE AFTER

NE IMBRIE DR Truck Extension, Red 2 3
Extension, Bike detection

NE EVERGREEN PKWY Truck Extension, Red 6 6
extension, Pedestrian
Extension

NE CORNELL RD Truck Extension, Red 13 9
Extension

W BASELINE RD/E MAIN ST Truck Extension, Red 7 9
Extension, Pedestrian
Extension

NE QUATAMA ST Bike Detection 5 1

TOTAL 33 28

RED CLEARANCE EXTENSION (RCE)
Washington County provided RCE data to the DKS team. They provided a week of data from the following
intersections.

9 SE Cornelius Pass Road at W Baseline Road/E Main Street

9 NE Cornelius Pass Road at NE Cornell Road

1 NE Cornelius Pass Road at NEvergreen Parkway

1

NE Cornelius Pass Road at NE Imbrie Drive

Washington County provided RCEOG6s wer e -adhursdayaamcetie over
weekend peria (Figure 64-6.6).

The RCE will in all cases extend the red time for a particular phase. If a phase reaches its maximum green
time, it borrows green time from the next phase. If that phase maxes out, the signal will go into transition
and be out of coordination until it trasitions back into coordination.

NE CORNELIUS PASS ROAD & NE IMBRIE DRIVE

NE Imbrie Drive sees more RCEs in the southbound direction than other movements at the intersection,
particularly during the weekday morning peak. Weekend activity is lower, indicating possible commuter
related traffic patterns or a relationship between lgher traffic volumes in the peak period with increased

RCE. The southbound direction has random arrivals since this is the beginning of the coordinated section for
the southbound direction This may lead to more activations of the RCE. This is the end efctbordinated
section for the northbound directions and most of the northbound arrivals are within the green band. Further
investigation into volumes, speeds, and detector placement could clarify this directional trend.
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FIGURE4.SOUTHBOUND RCE ACTIVATIONS AT NE IMBRIE DRIVE

CORNELIUS PASS ROAD & NE EVERGREEN PARKWAY

NE Evergreen Parkway shows a consistently higher number of red clearance extensions (RCEs) than other
signals along Cornelius Pass Road, especially in the northbound direction, with activity increasing during the
midday and tapering into the night. Southhnd RCEs are lower but steady throughout the day. This pattern
is similar on both weekdays and weekends. Despite being a large, higllume intersection (similar to
Cornelius Pass Roa& NE Cornell Road), NE Evergreen Parkway has significantly more RQiggesting
possible issues with driver behavior, detection setup, or signal operations. Additional data on 85th percentile
speeds, vehicle types, crash history, and detector configuration would help explain the elevated RCEs. The
intersection is very largeand is in the middle of the corridor. Balancing progression in both the northbound
and southbound directions may lead to entire platoon not making it through the intersection, resulting in
activation of the RCE. False calls, especially at night, may algodontributing factors.
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FIGURE 5 NORTHBOUND RCE ACTIVATIONS AT NE EVERGREEN PARKWAY

CORNELIUS PASS ROAD & NE CORNELL ROAD

NE Cornell Road shows minimal RCE activations across all directions. The only notable activity is on the
northbound approach during weekdays, and even then, counts are significantly lower than at the other
intersections.

CORNELIUS PASS ROAD & W BASELINE ROAD/E MAIN STREET

W Baseline Road experiences an increase in the number of RCEs as volumes increase throughout the
morning. This could indicate high speeds, or detection issues. The westbound approach also shows higher
numbers of RCEs during the midday, which suggests tmaview of traffic behavior, detection zones, and
timing settings on that leg could determine the cause.
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FIGURE & WESTBOUND RCHIVATIONS AT W BASELINE ROAD/E MAIN STREET

TRUCK EXTENSION

Washington County provided example truck extension data from Cornelius Pass Road at NE Imbrie Drive
from the Wavetronix detector at the signal. The detector data shows when the criteria for truck extension
was met based on vehicle speed, and length. Thetdadoes not say when the signal phase was actually
extended.

The data indicates that the detector is detecting trucks but does not indicate how often signal phases are
being extended.

Discussion with County staff indicated that an alarm would need to be set in the signal controller to identify
truck extensions. They were not sure if that was possible and had not investigated setting up the alarm to
date.

PEDESTRIAN EXTENSION

The County installed pedestrian extension technology at the intersection of Cornelius Pass Road and NE
Evergreen Parkway and the intersection of Cornelius Pass Road and W Baseline Road/E Main Street. The
detectors were set up to support pedestrians crosgy Cornelius Pass Road &E Evergreen ParkwayThe
detectors were set up to detect pedestrians crossing W Baseline Road/E Main Street at the intersection with
Cornelius Pass Road.

The detectors support pedestrian call extension and pedestrian call cancellation. Both the call extension and
cancellation are supported by passive pedestrian detection.
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Pedestrian call extension extends the Solid Dond6t W
during the Flashing Dondt Walk (FDW) phase, when pe
guideline of 3.5 feet per second or when a tge group of pedestrians enters the intersection. The goal of

pedestrian extension is to maximize pedestrian safety, by minimizing the potential for vehjmelestrian

conflicts.

Pedestrian call cancellation results from a pedestrian pressing the push button, but abandoning the
detection zone because they jaywalked, crossed elsewhere or chose not cross. The goal of pedestrian call
cancellation is to maximize operational efficiendpr motor vehicles by limiting unnecessary calls for
pedestrians who do not wish to cross the street.

Staff at Washington County provided a week of pedestrian extension data at the intersections of Cornelius
Pass Road andNE Evergreen Parkwagnd W Baseline Road/E Main Stredbr the week of March 31, 2025.
On weekdays, extension was only required in the 8 PM hour. This may indicate the pedestrian extension
zone was stuck on for a part of the hour. Sdeigure 67.

Evergreen Ped Extension T-Th

1 2 3 4 &5 & 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24

W Evergreen Ped Extension T-Th

FIGURE B.CORNELIUS PASS ROAD AT NE EVERGREEN PARKWAY WEEKDAY PEDESTRIAN EXTENSIONS
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On the evaluation weekend there was more demand fpedestrian extension, but the calls were confined to
the noon and 9 PM hours. Again, this may indicate an issue with the pedestrian extension zone being stuck
on during these periods. Seé&igure 68.
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FIGURE & CORNELIUS PASS ROAD AT NE EVERGREEN PARKWAY WEEKEND PEDESTRIAN EXTENSIONS
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The County also provided extension data for E Main Street. In this case the extensions are for pedestrians
crossing E Main Street not Cornelius Pass Rodegure 69 shows activations throughout the day on
weekdays.

Main Ped Extension T-Th

—
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FIGURE &.CORNELIUS PASS ROAD AT E MAIN STREET WEEKDAY PEDESTRIAN EXTENSIONS
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Extensions on the weekend are limited to 2AM, 11 AM, and 11 PM hours. Again, this may indicate an issue
with the pedestrian extension zone being stuck on during the 2 AM and 11 PM hours &égure 610.

Main Ped Extension Weekend

1 2 3 4 5 6 7 8 9 10 1M 12 13 14 15 16 17 18 19 20 21 22 23 24

B Main Ped Extension Weekend

FIGURE 80: CORNELIUS PASS ROAD AT E MAIN STREET WEEKEND PEDESTRIAN EXTENSIONS

PEDESTRIAN EXTENSION AND CANCELLATION EVALUATION

The County worked with Oregon State University (OSU) to evaluate the effectiveness of the pedestrian
extension and cancellation system. Unfortunately, the research report was not completed at the timthizf
report.

OSU had previously evaluated pedestrian and cancellation functions at a signalized-bhigtk trail crossing

at the intersection of the Rock Creek Trail and NE Evergreen Park&aVhe study included installing
temporary optical cameras at the signal to observe pedestrian behavior. The researchers combined the
outputs of the controller log with crossing and waiting behaviors of pedestrians while 20 to 25% were slow
moving pedestrians.

21 Washington County and Oregon State University Research Collaboration, Project #4: Evaluation of the Reliability and Effestive
of a Pedestrian Call Extension and Cancellation System, Hurwitz et al

ODODREGON SMART MOBILITY NETWORK EXALUATIDNE 2025 12¢



of nsportation

@ Washington County CorneliusRaad Arterial Corridor Management I Dopartment

The pedestrian extension primarily served pedestrians entering the intersection on the FDW versus the
pedestrian moving slower than their assumed speed. More than 70% of the extension served normal to fast
walking pedestrians entering on the FDW.

The evaluation attempted to answer the following questions:

1 How accurate is the pedestrian call extension and cancellation system?

1 To what extent does the pedestrian call cancellation system reduce vehicular delay and increase
pedestrian delay?

1 To what extent does the pedestrian call extension system increase vehicular delay and reduce
pedestrian delay?

91 Does the pedestrian call cancellation system impact the number of pedestrians who choose to
jaywalk at the crossing?

9 Are the cancellations messages effective at getting people to return the waiting zone to push the
button? Do they stay in the zone or depart after the second button push?

1 Does pedestrian behavior change with increasing exposure to the pedestrian call cancellation
system?

Figure 611-13 show the camera angle for the detection system.

Il o) 13236 / 10:00:00

FIGURE B1: OPTICAL CAMERA FOOTAGE AT STUDY INTERSECTION
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FIGURE B2: OPTICAL CAMERA FOOTAGE AT STUDY INTERSECTION

FIGURE B3: OPTICAL CAMERA FOOTAGE AT STUDY INTERSECTION
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