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Executive summary

Under development and operation since 1999, PeMS now is the de Jacto repository for all
Caltrans fixed-location detector data. The system is used to investigate everything from
the characteristics of individual loop detectors to hi ghly aggregated performance trends
across Caltrans districts. PeMS usage has grown continuously and it now supports 3000-
4000 reports per day (plots, tables, etc). It distributes data to 55 registered Value Added
Resellers, 20 of which actively retrieve real-time data.

PeMS is located on the U.C. Berkeley campus. During the past few months, a copy of
PeMS has been installed at Caltrans. Caltrans is currently determining the steps to
transition that instance of PeMS to active service. Once it goes live, Caltrans PeMS will
be a 24x7 production facility. UCB PeMS will then become a platform for developing
new algorithms and features.

The PeMS 6.5 effort completed six tasks.
1. Connecting D6 to PeMS

Caltrans District 6 has 14 VDS stations comprised of 42 lane detectors along State Route
41 through downtown Fresno. They started sending real-time data to PeMS in August of
2005. D6 is now fully integrated into PeMS.

2. Separate out D5 detectors into separate district

Caltrans District S has 10 VDS stations in the northern part of the district deployed along
State Routes 1, 17 and 25. Since these stations are so close to District 4, D4 has been
collecting data from these stations in real-time. This data has been flowing to PeMS
through the D4 feed since 2001. Due to the limitations of the original design of PeMS it
was not possible at that time to separate these detectors out of the D4 feed and associate
them with District 5. This limitation was changed with this task and now D5 is its own
district in PeMS.

3. “Joe Avis” reports — exporting to the TMG format

Joe Avis is the manager of the Traffic Census Group in Caltrans. For this task we built
into PeMS the ability to export data to a format that Joe Avis and his team can use to
import into TSN. More formally, this format is specified in the FHWA Traffic
Monitoring Guide and we refer to it as the TMG format.
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4. Additional PeMS user interface requests

As engineers in Caltrans have become accustomed to using PeMS, they have started to
request additional types of reports that more closely match their job functions. This task
included producing a few reports that were requested by individuals inside of Caltrans.

5. PeMS data server

PeMS now provides a mechanism for downloading bulk data. We’ve set up an automatic
mechanism to export the data from PeMS to an FTP site so that researchers and
consultants can download the data in flat-file format. The expectation is that this will
greatly extend the use of the data.

6. Web-based configuration management

We have transitioned all of the detector configuration management tools to web pages
within PeMS. The district personnel in charge of providing configurations to PeMS can
now upload their configurations to PeMS through a web page, see the resulting
configuration report which checks all of the configuration information for consistency,
and then activate the configuration inside of PeMS. All of this can now be done without
Interaction with PeMS system administrators.

Introduction

PeMS 6.5 is the latest of seven task orders devoted to research, development, and
maintenance of the PeMS system. While most PeMS research grants coincide with fiscal
and academic years (July-June), this project started mid-year in response to a number of
feature and maintenance requests (i.e. it was too late for PeMS 6 and too soon for PeMS
7).

PeMS collects, processes, stores, and makes available online data from nine Caltrans
districts (D3-8, 10-12). The data are obtained from 23,871 loops', grouped into 9,306
vehicle detector stations (VDS). These loops cover 3,495 out of 30,572 directional-miles
of interstate and state highways in California.

We-now describe the accomplishments under the six tasks that constitute the PeMS 6.5
project.

Task 1 Connect District 6 to PeMS

Caltrans District 6 is located in the middle of the State. They have 14 VDS stations along
State Route 41 running through downtown Fresno. District 6 collects data from the field
in real-time. This is collected in the district to a standard Front End Processor (FEP) and
subsequently forwarded on to an ATMS system. In this project we tapped into the real-
time data distribution mechanism and started collecting the data in real-time.

' Some of these ‘loops’ are microwave radar detectors that act like loops.
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Figure 1. Standard PeMS map interface showing Caltrans District 6 with detectors along SR-41 in

downtown Fresno.

To accomplish this integration we performed the following steps:
1) Configure a new data collector. Fach data feed which is sent to PeMS is

2)

3)

4)

“captured” by a process running on a PeMS machine that we call a data collector.
This process is in charge of translating the data from the district format to the
PeMS format and then inserting it into the PeMS database.

Incorporate the detector configuration into PeMS. Since D6 has an ATMS system
we simply exported the database tables and pushed them through the
configuration conversion tools that we already had for the other ATMS-based
districts. We then imported this into PeMS.

Create the appropriate database objects to store the data. This involved setting
aside tables and database structures to store the data.

Implement the real-time processing for this district. In PeMS each district is
processed separately. This allows for the processing of a district to be placed on
hold if the data feed stalls for some reason. In this task we confi gured the
machines to start running the data processing for this district.




5) Bootstrap the district in order to compute the appropriate parameters. PeMS
performs a large number of computations on the detector data. Many of these
computations rely on historical data in order to compute parameters. Normally
this isn’t a problem because there is a lot of historical data. But when a district is
just starting out, there 1s no data and we need to “bootstrap” this district.

All of these tasks were completed and District 6 is now a fully functional part of PeMS.
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Figure 2. District listing page in PeMS showing District 6.

Task 2 Separate out D5 Detectors to a Separate District

In this task we separated the detectors that were coming in on the D4 real-time feed into
their own district. PeMS was designed with the assumption that there is a one-to-one
correspondence between a data feed and a District. This assumption has been built into
many different parts of the system, including the data collection processes, the
configuration management processes, and the data grinding processes. In this situation
the data feed which is coming from D4 actually contains detectors which are physically
located 1n DS. This caused a number of different problems with the PeMS system due to
this original design assumption. As a result, these detectors were not displayed on the
PeMS user interface.

In this task we did the work to pull the D5 detectors out of the D4 data feed and place
them 1n their own District within PeMS.
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Figure 3. Real-time map in PeMS showing District 5 detectors.

This required that we perform the same incorporation steps as a normal district, hike
District 6, but we also needed to modify the PeMS data collection and data configuration
management scripts. These steps were done and District 5 is now treated in PeMS as its
own district. Figure 3 is now the default real-time map for Caltrans District 5.

Task 3 Joe Avis Report — Exporting to the TMG Format

The Traffic Census Group at Caltrans is in charge of determining flows on the State
Highway System. This is done through a separate set of sensors on the roads, or through
the same sensors but through a different data collection mechanism. Counts are collected
from these sensors periodically by the local district. The district is in charge of verifying
that the counts are correct and that they represent typical days. These counts are then
formatted to fit the FHWA Traffic Monitoring Guide format (the “TMG Format”) and
sent to Caltrans Headquarters to be stored in TSN.

In this task we enhanced PeMS so that it can generate the TMG Format for any detector
feeding data to PeMS. This will allow Caltrans engineers to export the current data being
collected by the TMC sensors in the PeMS system to a format that can be fed directly
into TSN. These can then be compared with the associated, or closest, Census Station.




The first step of this task was to write a program that matched the Census Station IDs to
the VDS IDs stored in PeMS. While some of the stations might be the same physical
devices in the road, and others might be close by, the relationship between the Census
Station ID and the “matching” VDS IDs are unknown. In other words, nobody knew
which Census Station was closest to which PeMS VDS station. The program that we
wrote applied some simple matching rules in order to associate the two sets. We store
this matchlng in PeMS and the results are presented tO users via a series of pages
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Figure 4. Matching report that shows the association between the Census Station IDs and the PeMS
Stations IDs.

Figure 4 is a matching report for Caltrans District 3. We can generate this report for any
district or for any freeway. In this case it shows that we were able to match 47% of the
mainline stations in PeMS to Traffic Census Stations. It should be noted that there are
typically many more stations providing data to the TMC than to the Traffic Census
Program (hence the percentage matched will always be low). The table below the pie
charts gives the list of PeMS stations, mainline, on-ramps and off-ramps that match to
Tratfic Census Stations. In addition to looking at raw tables users can see all of the
matched stations on a map, as shown in Figure 5 below.
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Figure 5. Map showing mainline PeMS stations that are matched to Traffic Census Group stations.

That map shows only the PeMS mainline stations that are matched to Traffic Census
stations.

The TMG format itself is a fixed-width format without separating spaces or commas.
Hence it’s rather difficult to decipher visually. Nevertheless, the formatted TMG report
1s presented on a web page for verification purposes. In the web-based report users can
filter out data which has been heavily imputed as well as data where the lane detector is
simply bad. Figure 6 is a screen shot of the TMG report for a single VDS stations over
three days. You can see that we report the flow for each lane for each hour of the day.
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Figure 6. Sample web-report of TMG format for a single VDS.
This feature is now fully functional within PeMS.

Task 4 Additional PeMS User Interface Requests

We receive a continuous stream of suggestions and requests for features to add to PeMS
from various Caltrans engineers and Agency Partners. In this task we have implemented
a few of the recent requests. We provide a figure for each plot implemented.

The first new feature is a plot of congestion spreading, as given in Figure 7. This plot
shows the amount of time during the AM or PM shift that a single location spent 1n
congestion. This is similar to a peak hour plot, but it’s a measurement of the actual
duration of congestion, instead of the amount of traffic during a certain time of day. The
raw data 1s simply the amount of time spent per day with speeds under the selected
threshold speed. We also provide to the user the choice of aggregating the data up to a
weekly or monthly average. When doing so we then present the minimum, mean and
maximum values over the aggregation period. Figure 7 is a plot of the weekday AM
congestion with a granularity of a month over 2006 for a detector in Caltrans District 3 on
SR-99N, which is south of Sacramento. The northbound direction is the morning
commute direction. We can see that during the months of February-June there was
significantly more congestion than during the summer and fall months.

e T W e e T R e e b e S R = s s e R et e e s T




Al Congestitn Factor, threshold=50mph by Honth (B2% Observed)
| Segment Type: VDS, Segment Name: 312513
01/01/2006 00:00:60 to 12/09/2006 23:55:59 (Daus=Mo, Tu, We, Th.Fr)

20 . S
Oy ; T T ] i ] ] ] ] i
i # r k) 5 ] * ] 1
* i - ] A
F} K 3 R
p 3 . I ¥ L] ] ] -
180 J—"'-"'-#r'!-.f-!:,-.-.--i-'. :l-i-'nt-t-.----j-.r ..*-:-'\._.r-!-iﬂlri-#-li-'vf.r L R L] = —
’ ] LE [} i * £ + %
r L 2 ¥ L] _." L] ¥a
i '] ¥ ] ¥
I [} X x " L3 r
A 160 :'_' Y T DO TR 3 - :" ) LI BT R TR T J.*..I- [ 4 g._a_\q.-:-.j -:' " f. i“ “} % —
m H 3 4 L] L2
c 4 . - % * 3
] x i 1 ' =
b | t— t ] 1 »
E iqa I - T T Boaw by gwm ko v v b -Fm s P L
LU ] x 8 - ¥
i ¥ . " 1 a w & ' * ¥
* ¥ /’*\*& a * + ' . '
o ¥ ¥ * ® ; 1 F L 1 Y
E s E » » . . e + 3 a 1 : »
el 120 Bk T W R b Woa o A M A AW A Ao _'_-au.).p_-f,: ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ :q-i‘ﬁ nnnnnnnnnn A S M A L B AR A A A R R S A AR T A AT R AR BN AR AA NN AR A —
e L # o . i * r " 3 » s ]
m k. - * i ¥ i ¥ % 1 '3
d Lk . « ® ER ¥ A ¥ L4 L
% g A H ] L - L] » r <«
3 - Jor t : - : . 4 L E : ] M
E: 1ﬁ¢ e s A AR ok -f.nl-n- w e A LT i v FEtE n mn‘m-ﬁ-t—.ap--.a.-—qi»pvi—r n..-b.-.nr' ....... Bl B I R Lt ol 0 B B B S .F’_i.i--d.é -'li..Jl_-a-.-plh.Aa.v-.P LLLLL A —
b3 4 ] X & & [ -y 4 ] H
; * 1 ] < X -t * ¥ »
I 4 » L a B 4 L ] Ll M-
Q 1 ¥ ; i n H ¥ ¥ + + i
i :-nl ﬁﬁﬁﬁﬁ ;-n-;;'l.-lﬂl - '!'-q- . \Av-"-s » e z.n--"--l-i- £ i L] J.-n;-u- - M L "} - . .ntvual-p - 3 LY a-.i;t'-q. 'S
# Bo ] :5',-- * - i L™ : - » o #* . T Y e = L o [ o i ok ' )
[y ] 3 * . 4 T # ] »
m ] H I 1 + 13
m ] ¥ - - L L L
& i . H ¥ ¥ *
g ! 'i. T Fwbav Nk awngaw : -, -i.u--\_»-v-v-r: iiiiiiii ;f vvvvvvvvvvvvv L. f-.-.\..--:. uuuuuuuuuuuuuuuuuuu g
LJ' 3 ¥ " = Y »
- 1 L - ]
L i .- : i : 3 ¥ 4 i ¥
E RSy rFY P vk R 4 R I ) Tk WEaE mo otk e R L] LU BT RO B TR Li-h.ﬂ-td-bi'sh-ll.:ﬁ'l-h-!l‘\)-t&ﬂ#-b.ﬂ-l#FP*&*-I{-\? el
L] ] 1 g 1 » E L
‘ : \ﬁ'\x . . x : %
¥ ¥ ¥ f 1 'R
o -+ ] : ", ¥ * 8 k.
”};;.ﬂ'-u‘h.ﬁ "q.r'rr I-J-.I-'MJ-_ dr 3 ...uidq.-i.n.l- ] LR 2 1;?& 2 ¥ b S ] 1-4|l~|:~..-. \p‘ ﬁ
[ 1 B ¥ i
. T A R
W ol ¥

A S S S . SN . T
| 03 Od 05 06 07 Q8 09 1¢ 11 12
2006 2006 2006 2006 2008 2006 2008 2006 2006 2006 2006 2008

Min =t Mean ——é-— Max ¥

Figure 7. Plot of congestion spreading.

The second request was that we provide the users with the option to put a trend line on
the AADT plot over years. This has now been implemented as shown in Figure 8 below.
The trend line is simply a straight-line fit to the median of the ADT for each year. We
present the user with the resulting equation for the fit line and they can see the projected
values in a table below the plot on the web page.
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Figure 8. Plot of AADT with trend line.

The third request was to expand the dashboard view. PeMS started off with relatively
simple dashboards that only provided for a few measures. In this sub-task we extended
the dashboards to have additional types of plots on them. Fi gure 9 below shows the
current incarnation of the dashboards with performance measures on the top row, causes
of congestion on the middle row, and route travel time analysis on the bottom row.
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Figure 9. Current version of the PeMS dashboard for D3.

The fourth request was to be able to see individual days of data when showing the time of
day plots. Originally PeMS only showed descriptive statistics (i.e.: mean, median, min,
max, etc). Figure 10 shows a plot of hourly flow for 8 days from one detector.
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Figure 10. Plot showing individual days of flow.
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The final request was to extend the hourly traffic volumes table to be able to sum up
values over multiple days and to do this for different quantities. We’ve extended this
table, as shown in Figure 11, to let users select a range of days and whichever quantity
they are interested in.
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Figure 11. Table showing total hourly flow over Tu-Th for all mainline detectors on I5-N in D3.

All of these features have been implemented in PeMS and are now on the live site.

Task 5 PeMS Data Server

In this project we implemented a system to provide bulk PeMS data to the public,
researchers and consultants. The main way for users to interact with PeMS is through the
web pages. These are intended for users that want to see plots of data and various reports
for individual detectors or corridors. They were never intended for users that want to
extract large amounts of data in order to run their own analyses. To address this need we
have placed all of the PeMS data in compressed flat files in a variety of temporal
granularities. We have also put in place a process to automatically export the latest data
to augment this data set.

This task involved three steps. First, we needed to configure an additional amount of
disk space to hold all of the exported data. We are using the disks that we purchased
when the project first started to host this data. For the live data we have transitioned to
new, faster disks. We have rearranged the old disks into the appropriate RAID volumes
to be able to handle this data.
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Second, we needed to export all of the current data to compressed flat files. We export
the data to the following formats:

1. Raw data, 30-second, lane-by-lane data of flow and occupancy for every detector
in the district. One file for each district per day.

2. 5-minute, lane-by-lane data of flow, occupancy and speed for every detector in
the district. One file for each district per day.

3. 1-hour, station (VDS) data of flow, occupancy and speed for every detector in the
district. One file for each district per month.

4, 1-day, station data of flow for every detector in the district. One file for each
district per month.

Users can download the data by navigating through the web site and selecting the
appropriate file. We keep track of which users have downloaded which data sets through
the standard web request fracking mechanisms.

The last task of this project was to write the automated scripts that export the new data
every night.

Task 6 Web-Based Configuration Management

In this project we enhanced the detector configuration management functionality of the
current PeMS systems so that the district personnel can perform all of the steps to update
their configurations via the web site without interacting with PeMS system administration
personnel. In previous versions of PeMS, the constant flux of information about the
detectors was managed through a mixture of automated and manual steps.

The detailed steps for a District to update their configuration under this new scheme are
as follows. First, a District determines themselves that they need to update the
configuration in PeMS. They would know this because they know that they’ve changed
something recently; either installing or removing detectors. Second, the District contact
person packages their configuration into a dump file. Each district already has the ability
to create a dump file from their own system.

Third, the District person.opens a web page inside of PeMS in their browser. The current
version of this page is given in Figure 12. We’ll refer to this collection of web pages in
PeMS as the Configuration Management Interface (CMI). The web page presents the
user with a form that they can use to upload their configuration. Access to this page is
controlled by an extensive permission system inside of PeMS. Users in each district are
assigned as managers of their district and only they are allowed to upload and manage
configurations.
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Figure 12. Detector configuration management starting page. Users can upload a configuration for

a district if they have the permissions to do so.

Fourth, the CMI receives the configuration from the District and performs the standard
The CMI presents the user with the results of the
In addition, users can see all of the previous

PeMS consistency checking.
consistency checking process.

configurations that they have uploaded.

Fifth, the user can now review all of the results and determine if the configuration is good
or not, as shown in Figure 13. Further down on that page (which is not visible in the
screen shot) there are explanations as to why certain detectors failed consistency checks
as well as links to relevant metadata that can assist in explaining the failure. If the user
decides that the errors warrant changing the configuration then they can do so and
resubmit the new configuration in step (2). All uploaded configurations are available to

see, but aren’t activated in PeMS yet. They are essentially in a staging area.
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Figure 13. Configuration management page showing conversion report for a single configuration.

Sixth, once the user decides to use a particular configuration then they can simply click a
button to active the configuration within PeMS, as shown in Figure 14. On the activation
screen, users can enter a small note about the configuration — something explaining why
the configuration update was made, or why the errors were ignored, etc.
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Figure 14. Configuration management screen where user can activate the configuration.

Once a configuration is activated PeMS automatically notifies the data collection
infrastructure to start collecting data and PeMS itself incorporates this configuration as
the active one.

With this new approach there 1s no longer any interaction between the District contact
person and the managers of the PeMS system. All of the steps are taken via the web and
are owned by the District contact person.

Conclusion

The collection of work items with this project reflect a number of operational tasks and
feature requests that came up during the course of the year. By quickly implementing
these we are able to keep PeMS up to the standards expected by Caltrans.
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