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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
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 MPQO) 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 efficiently.

Key:
— Additional pressure to explain performance

© 2009 Berkeley Transportation Systems, Inc.
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Caltrans HOV Facilities: 80 facilities in State

[ California Summary of )
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SUMMARY OF HIGH-OCCUPANCY VEHICLE LANES

Length (lane-miles)
District Region Existing Under Construction Programmed Proposed
3 Sacramento 68.6 0 30.6 96.2
4 San Francisco 361.4 15.2 156.3 7.3
Bay Area
7 Los Angeles 471.4 45 93.7 89.8
8 San Bernardino 180.8 18 10.4 322.8
11 San Diego 33.24 30 19.2 296
12 Orange County 265.9 1.8 0 107.2

. 3
Statewide Total | 1381.34 | 110 310.2 | 919.3 _
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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, yov LANE PEAK HOUR VOLUMES

Oﬁ-ram pS’ etC) : Pea‘}?‘ll-!r:ﬂi.\-ehj F'eakpll—r:ll[lveh!-

. . R ALA-BOD ".-"..'ﬁ Bay Bridge Tell Plaza 3?30 105?_
o H IStO ry Of ConStru Ctlon ’ fu ndlng ALA-80 WB  Contra Costa County Ling to Powell S5t 1698 689
. . . EB  Powsll Stto Contra Costa County Line 199 1070
. lelted performance reportlng ALA-B4 WB  Dumbarton Bridge Tell Plaza 1229 354
. . ALA-92 WEB  San Mateo Br dge Toll Plaza 839 497
« Peak traffic volumes on each facility 7= Tocroroe o comem e T A
o Peak travel t|me SaV|ngS on eaCh AL R RAN SR Wlarine Bhod o (A hinele 9 e 1106 TIAN

facility

« Maps showing congestion locations
Travel Time Data (HOV Lane Time Savings)

“TRAVEL TIME

ROUTE LIMITS LENGTH{ PEAK DIRECTION . HOV LANE TIME SAVINGS
Mixed Flow HOV
13.8 mi. | Westbound {AM} | 35 min. - 18 sec.| 16 min. - 31 sec, 19 minutes *
Al t
10/ San Bemardino Frooway ameda to Route 605 14.0 mi. | Eastoound (PM) | 36 min. - 20 sec.§ 19 min. - 30 sec. 17 minutes *
Route 57 to S.B. Co. Line 5.4 mi. | Westbound (AM) | 05 min. - 36 sec.i G4 min. - 27 sec. 02 minutes *
i 5.9 mi. | Fastbound (PM) | 07 min, - 47 sec.} 01 min. ~ 40 sec. 02 minutes *
279 mi. | Southbound (AM) | 28 mirn. - 26 sec.| 25 min. - 19 sec. 04 minutes ***
14 | Antelope Valley F 5 b
nielope Vafiey Freenay Rouite 5 to Pearblossom 26.5 mi. | Northbound (PM) | 32 min. - 44 sec.| 24 min. - 13 sec, 09 minutes ****
Route 60 1 Co. Li 3.4mi. | Southbound (AM) { 14 min. - 21 sec.| 05 min. - 17 sec. 10 minutes
57 f Orange Freeway oute 8010 Orange Co. Line | 56 i | Northbound (PM) | 16 min. - 10 sec.| 13 min. - 34 sec. 02 mirutes
) 56 mi. § Westbound (AM) {15 min. - 09 sec.| 09 min. - 41 sec. 06 minutes
F .B. Co. . ‘
60/ Pomona Freeway Brea Canyon 10 S.B. Co. Line | 5o i | Eastoound (PM) | 06 min. - 13 se0. | 04 min. - 50 scc. 02 minutes
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Current Practices: Performance Reporting

Issues:
1. Reporting takes forever
. 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?

. 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
«  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 standards
« 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
actions

© 2009 Berkeley Transportation Systems, Inc.
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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.

4. Link performance measures to management actions.
Approach:

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

— Extend PeMS with new measures to help management actions

© 2009 Berkeley Transportation Systems, Inc.
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What is PeMS?

* Real-time Archive Data \YETET{<Tag[<Io1 @l £ PeMS: California > Welcome - Mozilla Firefox

System (I"t-ADM S) Fle Edit Wew History Bookmarks Toolz Help
e Collects many types of detailed. raw P Inbox - karl@bt-systems co... (5] Berkeley Transportation Sys... B PeMS: California > Welc... &
4 -
data In real_tlme and In batch mode PeMS 101 Home | Feedback | Account (pettyk) | Help | Logout _
e Fixed location, real-time ITS california > Welcome
detectors el 33 pashboard| [EEREEL
California Statewide Performance Measures
i Tag data: tO” tagS, b|UetOOth Maps » Lost Prod #10% (lane-mile-hours/day) Last 30 Avg Q)/day (mph} Congestion Q4 2007
* Traditional traffic count data: Fresweys i Kl g s,
Arterials 4 I'II 15 2 izt PR
Census, WIM, AVCS Routos N A oo p a3 38.5% 3%
° |nC|dent data Managed Facilities » = f P ",
Field Elements 3 15 30 45 df*:,"
* Planned lane closures Detect . ANRERENEEEN L . Evcess
. ) stectors 78 1A 1A 3 sn 0 75= 18.3% S
d It processes the ITS data In real'tlme: Agaregates D Average Per Day Quantity Ower %-Y Days Ago
. . HICOMP » Last Productivity (lane-mile-hoursfday) & [mphl Congestion %
b Dlagnostlcs C tion Bi ; D 30-60 0-30 %o D 30-60  0-30 %o D PR Excess Coll Misc
eI P12 3 719 771 T2 3 a1 61 0.0 3 35,0 4.0 143 46,7
° |mputati0n for missing Values Detector Health p| 4 1,352 1,360 oLe 4 &3 63 0.4 4 4.3 2.9 1514 47.7
5 21 104 146 5 &0 59 16 5 2.4 0o 2.8 81,9
. . Data Fidelity £ £76 T2z £9 & S8 S 07 & 36 =04 134 526
b SpEEd calculations (|f nEEded) 7 3,025 2,011 05 7 58 s& 03 7 45.5 7.4 196 27.5
RS g 554 479 -13.5 & 63 63 11 = 26,1 147 20,6 385
+ Rollupoverspaceandtime [ weowmeciw do g mee o mon n o 4o
Events 1z 748 739 -08 1z 61 62 1.0 12 3.6 7.7 193 388
L Computes many performance P ; Total 8,060 5,236 22 Total &1 &1 0.3 Total 323 6.6 183 368
. Statewide Summary Conditions
measures (travel time, delay’ TASAS Incidents ¢ ¥MT/Day *10° ¥HT/Day *10° Good Detectors (%)
etC). Lane Closures ) - . -
e Large number of plots, charts, etc. Tools 30014 AAA AAAAS - BRDEPREF i e
] b LR L AL I_,' I_z".l -";. I./ | _.-'.I = f'nl '.I | ’-.. H 50
. ® Search/Explore 200 a1 V0N \
e Caltrans deployment: . Phetolo an
. : 100 2
* Almost 27,000 sensors reporting|; o~ =
every 30 Seconds ® Corrdor Module ?1-!"25'5.:’4 I5.I'I12I I5.I'I24I5.:'1 IB.:’Q IB.I’IIT"I l31-.?'25'5.:’4 I5.I'I12I I5.I’I24I8.:'l IE.:’Q IB.I’IIT"I 2 1.:’1 I 2.:'1 I3.:'1 : 4.:’1 I 5.:’1 : 5.:'1 )
. ® Systern Administration Average Per Day Quantity Over X-Y Days Ago
° Started 18] 1999, ~12TB Of data WMT [veh-miles) WHT [veh-hours) Sood Loops [36]) w
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Enhance PeMS with a Managed Facility focus
(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
2. Implemented all the standard performance reports

 Provide reports on all standard measures: Delay, VMT, VHT, Q, Travel
Times, 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 guantities 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

© 2009 Berkeley Transportation Systems, Inc.
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Managed Facility Listing Pages — Statewide

) PeMS UCB Development: California > Managed Facilities - Mozilla Firefox

b The M an aged FaC| I ities Ble Edit View Higtory Bookmarks Took Help
SeCtl 0 n at th e St ateWI d e @ - C g [ htp:ffmarin:3008, 7dnode=Statefcontent=Ffadiities #rone 7 - G- 5
B Peiis B Pes UCE Develop... B Pels UCE Develop... B Pers UCE Develop... B PeMS UCB Devel... B
Ievel PeMS 101 Home | Feedback | Account (admin) | Help | Logout _
1 1 i 1 california > Managed Facilities
e This is the jumping off g
. MyPeMs Listing | BEGEG: s | Travel Times | Time 5
pOInt for I I lan ag ed Califarnia Exportto Xls | wiew on Map | Add Managed Facility
e . . Maps * Lane-Miles
faCI I Itl eS re O rtl n Freeways District Open Construction Proposed Total 1000
p g 032 - Morth Central 67.8 E.8 159.0 232.6
Arterials 3 00
- 04 - Bay Area 311.8 0.1 1230 4748|
. Developed datab j o
eVe O e a a ase Managed Facilities »| |07 - Lasventura 476.5 189 250.8 7461 2
400
Schema tO Store a” faCi I it Field Elements ¥/ |08 - San Bernardino/Riverside 155.5 18.6 335.0 509.1 E
y Detectors 11 - San Diego/Imperial S54.4 o 220.5 274.9 a0
Informatlon Agareqates * |12 - Orange County 237.1 1.8 0 2380 L 3 T T 11 e
RNEXEP Y | Totals 1,303.1 g5.2 1,088.1
Congestion Pie (3
« Users can now see escorbeatn 3! All Facilties
Drata Fidelity Lane
performan Ce tables Census Facility Dist State Fwy-Dir Fromm To Description Lanes Miles AcCcess
D3 1-5 3 Proposed IS-M SAC  5AC  Laguna Blvd to Pocket Rd 1 4.1
AADT/Peak Hour 12.0 161
acrOSS the State for Event 3 Proposed  IS-M SAC SAC ISt toAirport Blvd 1 89
vents 238 327
r t d V I CHP Incidents L4 3 Proposed  IS-M SAC SAC  PocketRdto ISt 1 77
. 15,1 238
3
agg ega e a ues TS Welitons 3 Proposed  15-5 SAC  SAC  1Sttn Pocket Rd 1077
- Lane Closures 3 238 1841
(delay) and travel t“ I Ie 3 Proposed 15-5 SAC  SAC  Airport Blvd to I St 1 89
Tools 32,7 23.8
3 Proposed 15-5 SAC  SAC  Pocket Rd to Laguna Blvd 1 4.1
® Search/Explore 6.1 120
® Photalag O3 Us-50 3 Proposed  USS0-E ED ED Bass Lake Rd to Ponderosa Rd 1 51
. R3Z RB6
Data Clearinghouse
o Holidays 3 Proposed  USS0-E SAC  ED ED Hills Blvd/Latrobe Rd to 1 27
¥ 0.2 R2.9 BassLake
® Corridor Module 3 Open USSO-E SAC  SAC  Sunrise Blvd to Prairie City 1114 Hov
® System Administration 125 0.8 Foad to El Dorado Hills
Blvd/Latrobe Rd.
- ) 3 Proposed  USS0-E ED ED Ponderosa Rd to Greenstaone 1 38
This is a cooperative effort REE  R1Z.2 Rd
between UC Berkeley, PATH ! '
Ty b Pronoced 0] ) i) A St Ave to Sunrse Blyd O v

© 2009 Berkeley Transportation Systems, Inc.



© 2009 Berkeley Transportation Systems, Inc.

Berkeley Transportation Systems

Managed Facility Maps — Explore

Standard integration
with maps

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

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

Little popups show the
occupancy
requirements for the
facility

) PeMS - Mozilla Firefox
File Edit Wew History Bookmarks Tooks Help
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Y
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9 Dower 9 b PR
iol0sc 0600
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Caltrans and is subject to our Terms of Use,

Powered by BTS, @
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E[ ol

A
Sheldon
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Single Facility Reporting

) PeMS UCB Development: California > |80/ 5 East > Travel Time, - Mozilla Firefox

File Edit View History Bookmarks

o -c

e Standard solution for
reporting: add all the

§ Peiis

PeMS 101

reports and graphs that
make sense

LR

Toolz Help
[ BB | http:/fmarin:3006 f7report_form= 1&dnode=Route&content=tt& 77 | |[G]-

EE Pets UCE Dev... 8 PelMs UCE Dev... BB PeMs UCE Dev...

Home | Feedback |

California > I80 5 East > Travel Time

California QRS Comparison | Time of Day | Departure Timeseries | TOD Timeseries | Prediction
Routes From To
_ J w5 w2009 v |0 v J w11 w2009 v | 23 v
* We have two types of an L
= I80 5 East Include Days
reports: travel time values 154 Elno B Elwe EIm B Bss Blroidars
. - = Granularity Mainline HO¥/HOT
ravel Time Thour Magg 1020204 Magg 10z
and aggregate values e | _ ‘o
oraw pLOT BB viewTeste | expoRT TERT | B EMPORT to KLs
A - B testing »

(spatially summable

Level of Service

Travel Time (92% Observed)

1 Segment Tupe: Route, Segment Name: IS0 5 East
Va|UeS Ilke delay) (EEEEED 01/05/2000 00100100 to U1/11/2008 23:50:50
Detector Health 2
) h H I o g T T T T T T
3
* Here we’re showing trave
. Events 7k
.
time for each mode: CHp inedents B
6|
= I' d H OV TASAS Incidents L3
I I l 1]
aln Ine an Lane Clasures [ E 5F
Tools ﬂé 4 I
—
® =Zearch/Explore % 3tk
#® Photolag =
® [Data Clearinghouse 2k
* Holidays i
® Corridor Module 1 B
® Systern Administration
0 i i i i i i
0105 OL/06 0107 01408 0109 01/10 01/11
This is a cooperative effort [eHY (200 [UvH 0000 LH] 00 200 Q200
between UC Berkeley, PATH
and Caltrans and is subject P
to0 our Terme of Use. Mainline Agg —— HOYAHOT Agg ——
Fowered by BTS.
v-scale: @acte O min Max Muines Mraints M Grid
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Mainline Congested Ln-Mi (452
Segment Tuype: Route, Segment Mame: Z10W-FruitTolake
12002008 000000 ta 12/30/2008 23:59:59 (Days=Mo,.Tu . We, Th, Fr

Berkeley Transportation Systg

Time of Day 6‘”

L

4o -

e This is an example of an
‘aggregate” measure

* This is showing the
“Congested Lane Miles”
for a facility o f _

e Top plot = ML S R R R D B e = ==
* BOttom pIOt - HOV HOV/HOT Congested Ln-Mi <452
Segment Tupe: Route, Segment Mame: Z10W-FruitTolLake

o000 02:00 04100 06100 08:00  10:00  12:00 1400 16:00  18:00 20500 22100
e Threshold is 45 mph 12/01/2008 00:00:00 to 12/30/2008 23:59:59 (Days=Mo,Tu,le, Th,Fr

30 r

20 F

Mainline Congested Ln-Mi ©d52

(anything below 45 mph 60
Is considered congested) o
 Versus time of day :
« Over a month, weekdays 5
« Can see that the HOV j; 1
congestion is quite a bit ; 2oL
less than the ML 5
congestion B A““ P

0000 0200 0400 0500 0F:00 1000 12:00 14:00  16:00 1500 200 ZZ2:00
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New Measures and Visualizations

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

Speed vs. Flow
VDS 715918 - ORR - DAY
07/21/2008 00:00:00 to 07/22/2008 00:59:59

T T T T T T T T T T 1
a 20 40 &0 g 100 120 140 160 150 200 220

@ Lane {
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Fundamental Traffic Diagram

We can divide different regimes into three groups

Flow = 1000 v/I/h

ppeed vs. Flow
VDS 415918 - ORR - DAY
072172008 00:90:00 to 07/22/2008 00:59:59

405

a0
N
70 P

Sy

20
-.‘- @

Speed = 50mph °
t§' 404 e @
30 @ L4 ..:- .
. o %0 In congestion
201 ® ® -.' L
104 L oo @ ‘ i
" 0 EIEI 4IIII EIEI EIEI 1EID 1éIII 1¢I1EI HISIII HI3EI EIEIEI EéE
Flow
@ Lane 1
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Translation to a Performance Measure

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

Flow = 1000 v/I/h

ppeed vs. Flow
VDS 415918 - ORR - DAY
072172008 00:90:00 to 07/22/2008 00:59:59

a0
N
70 P

20
-.‘- @

Speed = 50mph

T T T T T T T T T T 1
a 20 40 &0 g 100 120 140 160 150 200 220

@ Lane {
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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
amounts 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.
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Translation to a Facility Measure

Aggregated av? Weekday Speed lgrnphj for Sep 2006 (99% Observed)
District: 11, Segment Type: Freeway, Segment Name: [5-5
Traffic Flows from Bottom to Top

« Another way to think

about it: speed contour 20 | . : . .
diagrams

« Simply looking for the B J
regions when the facility 30 7

IS In congestion

Pastrmile 35 —

. . (Abs)
e On this diagram you can k
clearly see the * il
congestion 45 /|
a0
0o:aa 05:00 11:00 1700 23:00
Time
N 000 | |
10 20 30 40 50 a0 70

“How much of the time is spent in congestion? When it's not in
congestion, how much of the time is spent being fully utilized?

© 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/lI/h)
3. % of lane-mile-hours spent at capacity (speed > 50 mph; flow > 1000
v/l/h)
= We can plot the Mainline and HOV guantities against each other
= Caveat:

= 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.
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Facilities HOV Facility-Level Performance
3
 We’'d like to get a sense | |
Low ML Congestion
of how the HOV + ML and High HOV Congestion ML and HOV both congested
e . . (not likely) {high demand)
facility is doing as a =
whole
e Plot HOV quantity versus
ML quantity T 2-
« Each facility-shift will be a U
dot on this map $
« Use % lane-mile-hours 2 <7
congested
o=
™
High ML congestion and
low HOVW congestian
_y , . Y (If underutilized, further
|I:_|§1 g’lel_maannddzll-liw Congestion action could be taken)
o

| | | | | |
0 20 40 60 g0 100

Mainline % Congested

© 2009 Berkeley Transportation Systems, Inc.




- Berkeley Transportation Systems

Actions

« Each region suggests a
management action

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

© 2009 Berkeley Transportation Systems, Inc.

HOY % Conested

100

80

60

40

20

HOV Facility-Level Performance

Overly congested;
demand
management to
keep vehicles off the
roads

Unlikely

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

If underutilized
then get rid of
HOV lanes

20 40 60 80

Mainline % Congested
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Facilities D7 405S PM

HOV Facility-Level Performance

« Each dot is a facility-
direction-shift

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

 The darker circles are
more under-utilized

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

* You want light circles in
the lower right corner

« Adark circle in the lower
left-hand corner implies
you don’'t need an HOV
lane at all

100
I

Circle radii are proportional to HOV lane-miles
Darker circles are more under-utilized

40 60 80

HOY Lanes % Conested

20

D7 110S PM
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Travel Time Variability ¢dd¥ Observed)
Segment Tupe: Route, Segment Mame: 405 Santa Monica Blwd Cnear) to 710 South
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Weekday
travel time vs
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Flow, Speed
vs Time
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Travel Time (mind
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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

© 2009 Berkeley Transportation Systems, Inc.
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Questions?




