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Performance on Managed Facilities is Important

– Statewide California wanted to allow single occupancy hybrid cars 
into the HOV lanes.  Federal performance requirement:
• HOV facilities need to maintain a minimum average operating speed• HOV facilities need to maintain a minimum average operating speed 

90 percent of the time over a consecutive 6-month period during 
morning or evening weekday peak hour periods

The state passed out 85,000 stickers.  Now it has to monitor the 
performance of the facilities.

– In 2004 SANDAG (San Diego MPO) convinced voters to approve a 
$half-cent sales tax for transportation projects, $14B, mostly for 

additional HOV lanes.  It has promised (Independent Taxpayers 
Oversight Committee, ITOC) to monitor the facilities that it’s 
building to ensure that they are operating efficientlybuilding to ensure that they are operating efficiently.

Key:
– Additional pressure to explain performance
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Caltrans HOV Facilities: 80 facilities in State
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3 Sacramento 68.6 0 30.6 96.2

Length (lane-miles)
SUMMARY OF HIGH-OCCUPANCY VEHICLE LANES

District Region

4 San Francisco
Bay Area 361.4 15.2 156.3 7.3

7 Los Angeles 471.4 45 93.7 89.8

8 San Bernardino 180.8 18 10.4 322.8
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11 San Diego 33.24 30 19.2 296

12 Orange County 265.9 1.8 0 107.2

1381.34 110 310.2 919.3Statewide Total
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Current Practices: Yearly HOV Facility Report

Many different types of information in the 
yearly HOV reports:

• Descriptions of facilities
• Configuration of each facility (on-ramps, 

off-ramps, etc).
Hi f i f di• History of construction, funding

• Limited performance reporting:
• Peak traffic volumes on each facility
• Peak travel time savings on each 

facility
• Maps showing congestion locations
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Current Practices: Performance Reporting
Issues:
1. Reporting takes forever

It’ d l t t k th t d• It’s done as a yearly report, takes many months to produce
2. Reported measures don’t completely capture what’s going on

• Eg: Is the travel time difference constant for the entire day?  Or does it 
vary by time of day?y y y

• Eg: What if both the HOV and ML facilities are congested?  What is travel 
time difference actually telling you?

3. Can’t compare across facilities
Si h di t i t t diff t b th ’t b d• Since each district reports different numbers, they can’t be compared

• It is difficult to answer the question, “Compared to other facilities, are we 
managing this specific HOV facility properly?”

4. No ability to monitor according to federal standardsy g
• They aren’t monitoring continuously

5. No linkage from performance results to actions
• The measures that they are looking at aren’t suggesting any management 

ti
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Project: Automate HOV Performance Reporting

Goals of Project:
1. Extend and automate the reporting of HOV facility performance 

across the state (and do it in real-time).
2. Provide uniform reporting of HOV performance measures.
3. Provide the ability to highlight historical trends.y g g
4. Link performance measures to management actions.
Approach:

Enhance the Freeway Performance Measurement System (PeMS)– Enhance the Freeway Performance Measurement System (PeMS) 
to provide focus on HOV facilities

– Extend PeMS with new measures to help management actions
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What is PeMS?
• Real‐time Archive Data Management 

System (rt‐ADMS)

• Collects many types of detailed, raw 
data in real‐time and in batch mode

• Fixed location, real‐time ITS 
detectors

• Tag data: toll tags, bluetooth

• Traditional traffic count data: 
Census, WIM, AVCS

• Incident data

• Planned lane closures

• It processes the ITS data in real‐time:

• Diagnostics

• Imputation for missing values

• Speed calculations (if needed)

• Rollup over space and timep p

• Computes many performance 
measures (travel time, delay, 
etc).

• Large number of plots, charts, etc.
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• Caltrans deployment:

• Almost 27,000 sensors reporting 
every 30 seconds

• Started in 1999, ~12TB of data 7
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Enhance PeMS with a Managed Facility focus 
(engineering)(engineering)
1. Provided an easy way to navigate to HOV-specific performance 

reports for a single facility
• Display facilities in tables that allow for organization of reports• Display facilities in tables that allow for organization of reports

2. Implemented all the standard performance reports
• Provide reports on all standard measures: Delay, VMT, VHT, Q, Travel 

Times, Travel Time VariabilityTimes, Travel Time Variability
• All for plots versus Time, Time of Day, Day of Week, and aggregations 

over time
3. Implemented federal reports on single facilities

• Percentage of time in congestion, percentage utilization
4. Implemented easy HOV/Mainline Performance Comparisons

• Compare HOV/ML quantities down the freeway at one point in time
• Compare performance measures over time
• Simultaneous travel time comparisons

5. Develop new measures and new visualizations that link results to 
management actions
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management actions
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Managed Facility Listing Pages – Statewide 

• The Managed Facilities 
section at the statewide 
l llevel

• This is the jumping off 
point for managed 
facilities reportingfacilities reporting

• Developed database 
schema to store all facility 
information

• Users can now see 
performance tables 
across the state for 

t d laggregated values 
(delay) and travel time

© 2009 Berkeley Transportation Systems, Inc.
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Managed Facility Maps – Explore 

• Standard integration 
with maps

• Overlaying the status of 
the facility (active, 
construction, 
programmed) withprogrammed) with 
sensors

• Here we’re painting the 
Census Traffic Counting 
Stations on the map

• Little popups show the 
occupancy 

i t f threquirements for the 
facility
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Single Facility Reporting

• Standard solution for 
reporting: add all the 

t d h th treports and graphs that 
make sense

• We have two types of 
reports: travel time valuesreports: travel time values 
and aggregate values 
(spatially summable
values like delay)

• Here we’re showing travel 
time for each mode: 
mainline and HOV

© 2009 Berkeley Transportation Systems, Inc.
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Time of Day

• This is an example of an 
“aggregate” measure

• This is showing the 
“Congested Lane Miles” 
for a facility

• Top plot = ML• Top plot = ML
• Bottom plot = HOV

• Threshold is 45 mph 
(anything below 45 mph(anything below 45 mph 
is considered congested)

• Versus time of day
• Over a month, weekdaysOver a month, weekdays
• Can see that the HOV 

congestion is quite a bit 
less than the ML 

© 2009 Berkeley Transportation Systems, Inc. 12
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New Measures and Visualizations

Fundamental diagram: shows speed versus flow 
(veh/5min) for an individual detector for one day( ) y

© 2009 Berkeley Transportation Systems, Inc. 13
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Fundamental Traffic Diagram

We can divide different regimes into three groups

Under‐utilized At capacity
Flow = 1000 v/l/h

Speed = 50mph

In congestion

© 2009 Berkeley Transportation Systems, Inc. 14
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Translation to a Performance Measure

How much time was spent in each regime?  Simply count 
the number of points.p

29% 56%
Flow = 1000 v/l/h

Speed = 50mph

15%
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Translation to a Facility Measure

The previous measures were for a single location.  But down a 
freeway we’ll have different regions in congestion for different 

t f ti d i th damounts of time during the day.
For the spatial factor (regions) need to weight the percentage of 
time in each regime by:

Number of lanes
Length of freeway segment assigned to each detector
This will give us lane-miles

For the time dimension, we need to perform this for an hour at a 
time
The final units are “lane-mile-hours”

© 2009 Berkeley Transportation Systems, Inc. 16
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Translation to a Facility Measure

• Another way to think 
about it: speed contour 
didiagrams

• Simply looking for the 
regions when the facility 
is in congestionis in congestion

• On this diagram you can 
clearly see the 
congestion

“How much of the time is spent in congestion?  When it’s not in 

© 2009 Berkeley Transportation Systems, Inc.
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Translation to an HOV/Mainline Facility Measure

For a single facility, either HOV or Mainline, we can compute the 
following types of statistics:
1. % of lane-mile-hours spent in congestion (speed < 50 mph)
2. % of lane-mile-hours spent under-utilized (speed > 50 mph; flow < 

1000 v/l/h)
3 % f l il h t t it ( d 50 h fl 10003. % of lane-mile-hours spent at capacity (speed > 50 mph; flow > 1000 

v/l/h)
We can plot the Mainline and HOV quantities against each other
C tCaveat:

HOV capacities are typically less than ML capacities
For the HOV threshold of “under-utilized” we used 750 v/l/h
This can be changed, of course

© 2009 Berkeley Transportation Systems, Inc. 18
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Facilities HOV Facility‐Level Performance

• We’d like to get a sense 
of how the HOV + ML 
f ilit i d ifacility is doing as a 
whole

• Plot HOV quantity versus 
ML quantityML quantity

• Each facility-shift will be a 
dot on this map

• Use % lane-mile-hoursUse % lane mile hours 
congested

© 2009 Berkeley Transportation Systems, Inc. 19
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Actions HOV Facility‐Level Performance

• Each region suggests a 
management action Overly congested; 

demand• The facilities can be 
further studied (through 
other plots in PeMS) to 
determine the correct

Unlikely
demand 

management to 
keep vehicles off the 

roadsdetermine the correct 
action

If HOV utilization is 
low, then you need 
to move people into 

HOV l

If underutilized 
then get rid of 
HOV lanes

HOV lanes
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Facilities D7 405S PM

• Each dot is a facility-
direction-shift

HOV Facility‐Level Performance

• This size of the dot is 
related to the HOV lane-
miles

• The darker circles are• The darker circles are 
more under-utilized

• This is for the month of 
May 2009, weekdays,May 2009, weekdays, 
peak periods only

• You want light circles in 
the lower right corner

• A dark circle in the lower 
left-hand corner implies 
you don’t need an HOV 
lane at all
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D7 405S PM

WeekdayWeekday 
travel time vs
time of day

Mainline – 761526 (4 lanes)HOV – 761523 (1 lane)

Flow, Speed 
vs Time

Speed vs
Flow
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Summary

Caltrans is transitioning to automated HOV facility performance 
monitoring
Drivers: compliance with federal standards, political pressure
Implementing many different types of measures

Improving usability
Working on measures and visualizations that directly link to actions
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Questions?


