VII California Tolling Test Results

February 13, 2012
Executive Summary

The Vehicle Infrastructure Integration (VII) California Tolling Test System was implemented at the Dumbarton Bridge facility in the San Francisco Bay Area.  The system is composed of two major elements - the VII tolling infrastructure developed as part of the VII Consortium (VIIC) Proof of Concept (POC) testing and the revenue generation elements.  This test was focused on the functionality of the revenue generation elements.  The primary goals of the VII California Tolling Test were to show that the VIIC tolling application can integrate with a real revenue collection system, and, to demonstrate an implementation of open road tolling using VII technology that is compatible with BATA’s existing tolling infrastructure. 

The VII California Tolling Test results have shown the functionality of the system hardware and the software and that the VII tolling concepts have merit.  
Background 
The VII California Tolling system is a logical extension of the testing being performed by the VIIC as part of the VII POC.  An earlier test was performed to verify this basic functionality (see test plan document Tolling Application Test Procedure 20080801.doc).  The VII Toll Test has two primary goals:

1. To demonstrate that the planned VIIC tolling system can integrate with a real revenue collection system

2. To demonstrate an implementation of open road tolling using VII technology that is compatible with BATA’s existing tolling infrastructure

The test was deployed at a location adjacent to an existing toll collection facility at the Dumbarton Bridge (the physical toll plaza) in the San Francisco Bay Area.  An aerial view of the Dumbarton Bridge toll plaza is shown below:
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Tolls are only collected here in one direction (S/W bound traffic).  The toll plaza includes seven lanes, and there are three lanes in the non-tolled (N/E bound) direction.  The VII Toll System defines a virtual toll plaza just downstream of the physical toll plaza.  The Local Transaction Processor (LTP) and toll plaza configuration was defined in the earlier POC testing.  For that test the plaza zone was defined to include the entire WB road area, the pull-out area to the right, and the parking lot next to the toll office building as shown in diagram below:
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The VII Toll System builds on earlier work done for BATA to implement a hybrid tolling system to support toll collection for hybrid vehicles using the region’s HOV lanes, particularly those that bypass the existing toll collection infrastructure.  The hybrid tolling system uses a process developed for the State of California’s Title 21 agencies which is the standard that enables interoperability amongst tolling agencies; e.g., exchanging toll reimbursements for tag holders that use facilities in areas other than those managed by the agency that issued their tag.  This uses a simple structured file format to exchange transaction requests.  
The MTC’s tolling branch (BATA) enabled their tolling system (FasTrak) to support the VII Toll System test.  In addition, they created an account and associated a number of (non-revenue) tags to support the testing.  These tags acted as the controls for the test – they registered as the vehicles passed through the existing toll plaza.  The VII based transactions were collected and sent in one batch for subsequent processing by BATA.  Both the VII-based and plaza-based transactions appeared on the account management web site and were received as a report via email.  All tests were conducted using an OBE equipped vehicle that also had a non-revenue FasTrak ETC tag installed.

Testing Overview

The test of the VII Tolling Revenue system was performed on September 30, 2008 at the Dumbarton Bridge toll facility. This test was based upon the VII Tolling Test Plan dated September 29, 2008.  Minor revisions were made to this test plan to make it conform to the actual configurations used.  The testing started at about 9AM with 2 teams driving 2 cars.  At this point the configuration of the roadside equipment (RSE) and local transaction processor (LTP) was checked, the onboard equipment (OBE) was checked and their settings adjusted, and all of the equipment was restarted in preparation for the drives.  A few items are worth noting in the setup:
· The OBE ID is specified as a value, which is apparently pre-pended with another value somewhere within the system.  In this case the ID’s were set as D530 and D466, and these end up as CAD530 and CAD466 when they arrive at the LTP

· An attempt was made to change the vehicle ID in one car to match the value stated in the test plan (CAD446), but this did not appear to work.  See notes on test # 6.
We were not able to get a completed transaction between the OBE and LTP from the test area in the parking lot.  At about 9:45AM, we took one car to the start of the test drive area in case the LTP issue could be resolved, since the HOV lanes close at 10AM.  We attempted a drive at 10AM without any obvious resolution to the problem, and it did not register in the OBE or LTP.  After this we returned to the staging area and continued to investigate the issue with the LTP.  We contacted the manufacturer (Mark IV), and they provided assistance with the diagnostics.  After about 2 hours of various checks the suggestion was to power the unit off, and let it cool down (they had observed a similar problem in the Detroit tests), and this resolved the problem.  The onsite team cycled the power and took a lunch break.  One of the drivers (and test car) had to leave at this point, but the remaining team and car returned to the staging area, powered up the LTP, and determined that it was working properly.  At this point the ‘Revenue System’ test plan was started.  A few modifications were required that should not affect the overall outcome.  These changes included:
· The HOV lane was initially closed, so we started in lane 2 (and did the lane 1 test later in the drive after it opened)

· Lane 4 was closed for the entire test period; therefore, lane 4 was not tested.

Overall, the testing team was able to complete nine traversals of the physical and virtual toll plazas with the corresponding return trip, which resulted in nine transactions.

Copies of the driver log and BATA transaction report are included in Appendices A and B respectively.   
Test Results

	Test #
	Description
	Comments from Testing
	Expected Result
	Actual Result

	1
	Lane coverage test #1

A test vehicle will drive through the physical toll plaza in lanes 1, 2, and 3 (lane 1 is leftmost – the HOV lane), and return in the same lane number (out in 1, return in 1).
	The initial test at 10AM failed due to problems in the LTP.  We were not expecting a result, but wanted to make the trip to have access to the HOV lane.  This will not be included in the results.

The other tests worked as expected.
	The LTP will submit a transaction report for each of the toll plaza traversals, but not for the non-tolled return trips (N/E bound).*
	Percentages will be shown in test 2 results

	2
	Lane coverage test #2

A test vehicle will drive through the physical toll plaza in lanes 4, 5, 6, and 7 (lane 1 is leftmost – the HOV lane).
	All lanes were traversed per the original test plan with two exceptions.  The first was that the listed order was not followed - for example, lane 1 was done later in the day, not first.  The second exception was that lane 4 was closed for the entire test period.  These changes have no notable effect on the test or results.

Since one of the cars left the test site before the LTP was repaired, the number of samples was cut in half.  A total of 9 transaction eligible trips were completed.  Of these the OBE and LTP worked properly on 8 of the trips, but they did not communicate on the 3:34 PM pass.

Another anomaly concerned the first trip.  We inadvertently went through the parking area revenue zone (2:00PM), and then through lane 2 (2:04PM).  Both transactions were read by the LTP and backend system, but because of the proximity (in time) of the reports, only one of them was accepted by the BATA revenue system.
	The LTP will provide a transaction report for each of the toll plaza traversals, but not for the non-tolled return trips (N/E bound). *
	89% (8 of 9) of trips generated expected transactions. These were the trips made from 2:00 PM to 4:35PM.

Provisionally Passed

	3
	Single transaction per traversal

Examine the logs from test #1 and 2.


	See note on 2:00PM test under test 2.  Both trips were registered by the LTP and back end, but not by BATA.  This is the expected behavior.

Note that if the samples had been separated by 1 more minute then BATA would also have processed both – their rules use simple time separation, whereas the OBE/LTP use a more complex set of rules based on the location and headings.
	Each trip through the toll plaza should result in only one transaction report

There is only a single revenue report for each ID for each trip they made through the Virtual Toll plaza


	Passed

	4
	Driver proceeds through the toll plaza in the right lane (#7) and pulls off in the parking area on the right beyond it.  They remain in that area for 10 minutes with the car running.


	Worked as expected
	Only a single revenue request is generated during this trip


	Passed

	5
	Driver proceeds through the toll plaza in the right lane (#7) and pulls off in the area beyond it.  They remain in that area for 2 minutes, fully turn off the vehicle, wait 1 minute, turn the vehicle back on, wait 5 minutes and proceed.


	Worked as expected
	Only a single revenue request is generated during this trip


	Passed

	6
	The OBE will be reconfigured with an ID that is listed as ‘BAD’ in the system.

The driver should traverse the toll plaza in lanes 3 and 4 (but the lane isn’t really critical).
	The LTP did not receive the changed ID (or didn’t pay attention to the value reported), but continued to use the original ID.  This was processed as a valid transaction.

This issue resides in the OBE or LTP.  Manual tests of this show that it performs as expected on the backend system (negative response to OBE and no transaction generated).  This problem has been reported to the OBE/LTP vendor.
	System receives the transaction requests and generates an appropriate ‘rejection’ response.
	Failed

	7
	Transactions are processed by the revenue collection system

The system will generate the revenue requests from the earlier tests and submit them to BATA as configured.  BATA will process this request and return the results within the agreed upon time frame.
	BATA’s FasTrak system missed reading the vehicle on the 3:34PM pass, and it incorrectly read it at 4:49 PM while it was in the parking lot.   The LTP generated 10 transactions, and BATA processed 9, with the first pair being rejected based on its rules for a minimum gap between two transactions.


	All transactions should be submitted for revenue collection, and processed by the revenue system.

Verify that all transactions were sent to the back end system (examine request and compare to received transactions).  These trips should result in a revenue request (generated daily) within 24 hours, and the request results (typically also generated daily) reflecting acceptance should be returned.

Supplemental verification: Check the FasTrak Web site for the associated account after the reconciliation is received.  All planned (and executed) trips for the vehicle(s) should be shown, both for the FasTrak tag in the car (or via its license plate) and from the VII system request.


	Passed

	8
	Determine transaction processing time

Examine the timestamps in the revenue system logs for each request and calculate the time from when the request is received to when the response is sent to the LTP
	There are two areas in which this can be measured.  At the back end system, or from the OBE.  At this point the wide-area-network (WAN) connection from the LTP to the back end system is via a fairly slow wireless connection, which would likely not be used in a production system.  The OBE based numbers include the time to send the requests to the LTP via DSRC, the WAN link from the LTP to the back end system, and for the reply to make the reverse trip back to the OBE.  Both results are shown
	None
	See raw data log in Appendix C.

Within back end system:

Maximum 16 ms

Minimum  0 ms

Average     4 ms

From OBE:

Maximum 1479 ms

Minimum  349 ms

Average     782 ms




* It is worth noting that the OBE was in communications with the RSE on all return trips, but it correctly determined that it should NOT generate a transaction request in all cases.

Conclusion:
The revenue portions of the tests behaved as expected.  The transactions were processed correctly by the back-end revenue collection system, and the processing time was minimal.  As confirmation to the previous VIIC POC tolling testing, the lane coverage and vehicle transactions worked correctly during 8 of the 9 traversals. 

The sample size of nine (number of trips completed) was not as large as we had hoped for, but the functionality of the concepts has been shown.  Once the system picked up a read from the OBE, the software of the tolling application processed the transaction and revenue was generated.  What is important is that the functionality of the software works: that OBEs were seen, and that information was passed to the back end, which enabled the revenue system to correctly debit an account.
While it was not a goal of this test, it should be noted that there were problems with the field elements (the LTP) of the system that delayed the start of testing.  This is not a major setback or unusual for a test using prototype equipment.  We recommend that the VIIC continue the development of these systems to insure that they are more robust and reliable.  These problems led directly to the reduction in the number of test runs mentioned earlier.  

The primary goals of the VII California Tolling Test were to show that the VIIC tolling application can integrate with a real revenue collection system, and to demonstrate an implementation of open road tolling that is compatible with BATA’s existing tolling infrastructure. The VII California Tolling Test results have shown the functionality of the hardware and the software and that the VII tolling concepts have merit.  
Appendix A: Driver log
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Appendix B: BATA Toll System Transaction Report
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Appendix C: Raw Transaction times at the OBE

	Time
	LTP Request
	LTP Response
	Transaction Time

	2:04
	1222808682654
	1222808683196
	542

	2:16
	1222809396551
	1222809397974
	1423

	2:27
	1222810063489
	1222810063908
	419

	2:38
	1222810728540
	1222810730006
	1466

	2:49
	1222811418527
	1222811420006
	1479

	3:01
	1222812192581
	1222812192930
	349

	3:13
	1222812869361
	1222812869737
	376

	3:33
	NA
	NA
	

	4:22
	1222817034222
	1222817034727
	505

	4:50
	1222818581517
	1222818582400
	883

	
	
	
	

	
	
	
	

	
	
	Min
	349

	
	
	Max
	1479

	
	
	Average
	782
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 Edit statement delivery
 Make a payment


THOMAS #50787871 is Logged
In


  


   Transactions


Statement View | Toll Tag View| Parking View |
 
Below is a list of toll and parking transactions deducted from your prepaid balance recorded by each Toll


tag.You can view specific transactions by selecting a Toll Tag number, a date range of activity, and
clicking Go.
 


TOLL TAG: ALL         


Facility Legend 09/21/2008 - 10/01/2008 09/21/2008     10/01/2008     


Start Date               End Date (mm/dd/yyyy)


Date Posted


to Account


Transaction


Date


 


Time
Facility Lane No. Toll Amt  


09/30/08 09/30/08 16:23:37 DUM 01 $.00  


09/30/08 09/30/08 15:33:53 DUM 01 $.00  


09/30/08 09/30/08 15:14:18 DUM 01 $.00  


09/30/08 09/30/08 14:50:13 DUM 02 $.00  


09/30/08 09/30/08 14:38:40 DUM 03 $.00  


09/30/08 09/30/08 14:04:36 DUM 01 $.00  


09/30/08 09/30/08 14:27:37 DUM 05 $.00  


09/30/08 09/30/08 14:16:31 DUM 06 $.00  


*** Please note that the transactions displayed above are selected and sorted by posting date. ***
*** Parking charges of $10 or less are displayed above .All Parking charges greater than $10 can be


viewed on the Parking View tabs***
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