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The concept design on the cover of this report shows single pole technology, which combines E-
ZPass antennae and cameras for a congestion charging system in an urban environment.  Single pole 
technology has been successfully tested in London.  This concept design is by Q-Free, a company 
working on congestion charging in London and Stockholm. 
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GPS has been used for road pricing in a pilot project in Oregon, and on trucks in Germany. For the 
Oregon project, the state outfitted about 300 cars with GPS to enable charging based on vehicle 
miles traveled instead of fuel consumption. GPS is used to record distance and time of travel, and to 
facilitate peak period charging. It is a pilot program and no final report has yet been issued.27 In 
Germany and some other places, GPS has been used to track freight traffic. These programs have 
not required the level of accuracy and evidential integrity that would be necessary for congestion 
charging in New York City. 
 
Assuming the cost of each on-board unit comes down to $25 or less, multi-path effects can be 
mitigated without overly-expensive proprietary technology, and charging technology is the same as 
would be used for mesh networking, GPS would rank fairly well according to this report’s criteria.  
 
Customer Experience 
Payment – Excellent 
The method of payment would depend on the communications infrastructure used for GPS. Most 
options could be used: prepaid accounts linked to license plate data or post-payment as in 
Stockholm, using cash, credit or debit.  
 
Start Up – Poor 
The on-board unit is relatively expensive compared with other technology options. It can be made 
tamper-proof. However, that diminishes its flexibility. It can also be built in to the automobile 
directly. Installation can be costly, around $300 including labor. The unit would require a power 
source from either a battery or the vehicle. 
 
Fear of Tracking – Poor 
If GPS were used for congestion charging, privacy and tracking would likely emerge as a major 
concern. This is because, unlike other technologies, GPS is capable of determining the vehicle’s 
location at multiple points over time in effect establishing the path taken by the vehicle. Strong 
policies would need to be in place to ensure that private information is not made public. 
 
Administration 
Costs – Uncertain 
Start-up costs are now high but likely to decline over time.  Data for costs of back office, capital or 
operations are not available at this time. 
 
Enforcement and Accuracy - Good 
While accuracy has long been a challenge for GPS technology, it is quickly being overcome. 
 
Operations 
Area-Wide or Cordon – Excellent 
A main advantage of GPS is that it can be used to create a charging zone of any shape or size, and it 
can easily ensure vehicles are charged for travel within the zone, not just when entering or leaving.  
 
Interoperability – Poor 
GPS congestion charging would not operate with existing systems, since transponders are not 
capable of communicating with satellites. E-ZPass could be used in the same vehicle, but for 
different charging events.  
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Flexibility – Excellent 
GPS is enormously flexible. Charges can be made to vary by time of day, distance or time traveled, 
vehicle type, or any other specification desired.  
 
Reliability – Excellent 
The system depends on satellites, which are reliable.  
 
Physical Presence – Excellent 
A major advantage of GPS is that there is no visible off-board equipment necessary. Off board 
equipment is comprised of the 5 to 8 satellites above the horizon at any given time.  
 
Mesh networking 
Mesh networking is communication among many individual transceivers, often called nodes. Each 
node can detect other nodes and form links among nodes over which packets of data can be routed. 
The mesh network determines which collection of links gets the packet to the end user fastest, and 
chooses that one. Wireless mesh networking is mesh networking over a Wireless LAN (local area 
network). Wireless LAN uses radio communication to allow two or more computers to 
communicate without wires.  
 
Since devices in a mesh network are connecting to each other, and not to a single access point, less 
bandwidth is needed to accommodate each additional device. The software that runs the mesh 
network (sometimes referred to as routing protocol) is widely available. There are many different 
kinds, and most are free. Mesh networking does not necessarily imply access to the internet, but it 
easily facilitates free access to the internet in the area covered. All a laptop or computer needs to do 
to get free internet in an area covered by mesh networking is join the mesh using free downloadable 
software.  
 
Mesh networking can communicate the location of a vehicle. If used for congestion charging, each 
car would be outfitted with a chip or antennae, probably smaller than an E-ZPass transponder, 
which would communicate with small WiFi antennae placed throughout the congestion charging 
zone. These could be mounted on traffic lights or existing infrastructure. Unlike the E-ZPass 
system, these antennae need not be placed in a physically stable structure to function; if it wobbles 
or swings in wind, for example, it will still work. When the outfitted vehicle is passing though the 
congestion charging zone, its location information is communicated via the mesh network to a back 
office for the charge to be levied against a pre- or post-paid account. The back office is essentially a 
billing network. It can be a private digital network, such as the type used for ATMs, or it can be the 
Internet itself. 
 
Strictly speaking, mesh networking is a tool for communication, not for positioning.  However, if 
some nodes on the network are in fixed, known locations, it is possible to combine GPS and WiFi 
technology to accomplish both positioning and communication.  This is known as Wireless 
Positioning Services (WPS).  Combining GPS and WiFi technology yields a compelling synthesis, as 
evidenced by the recent collaboration between SiRF (a GPS manufacturer) and SkyHook Wireless (a 
WPS provider). This combination of technologies has some potential for location-based applications 
in an urban environment, but has not been used or tested for tolling or congesting charging. 
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Customer Experience 
Payment – Excellent 
A variety of payment methods could be used: prepaid accounts linked to license plate data or post-
payment as in Stockholm, using cash, credit or debit. This is the same as GPS.  
 
Start Up – Fair 
The mesh card, chip or antennae on board would probably be smaller than an E-ZPass transponder. 
The unit would require a power source from either a battery or the vehicle. This compares 
unfavorably to RFID, where many drivers in New York already have the on board unit, and to 
ANPR where no on board unit is required, but favorably to GPS where the unit is more expensive. 
 
Fear of Tracking - Poor 
As with GPS, privacy and tracking would likely emerge as a major concern. Strong policies would 
need to be in place to ensure that private information is not made public.  
 
Administration 
Costs – Excellent  
Costs to cover an area with mesh networking are very low: $350 per node, plus $300 more if each is 
equipped with an emergency backup battery. One cost estimate for cities is $70,000 per square mile, 
or only $600,000 for the 8.5 square miles of Manhattan south of 60th Street.28 Each node operates on 
10 watts of power; power costs will be nominal. These estimates apply to covering an area with 
mesh networking, not necessarily pricing. The back office administrative and billing costs are 
unknown, but would likely be comparable to GPS. The cost of on board units is uncertain, but likely 
inexpensive compared to GPS units. 
 
Enforcement and Accuracy - Untested 
The accuracy of mesh networks’ location sensing capabilities is not well known.  As with other 
technologies examined in this report, camera enforcement would be necessary for those vehicles 
that have not purchased the on-board unit. 
 
Operations  
Area-Wide or Cordon – Excellent 
Like GPS, mesh networking facilitates any size or shape congestion charging zone. Both area-wide 
and cordon designs are feasible.  
 
Interoperability – Poor 
Mesh networking does not function with the existing E-ZPass system. 
 
Flexibility – Excellent 
Like GPS, a location-enabled mesh network is highly flexible. Charges can be made to vary by time 
of day, distance or time traveled, vehicle type, or any other specification desired.  
 
Reliability – Good 
Testing is needed to determine the reliability of mesh networking for charging. However, the ability 
of a mesh network to ‘self heal’ and the fact that there is no single point of failure indicate that it 
may be sufficiently reliable for congestion charging. 
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Physical Presence - Excellent 
Mesh networking requires 802.11 transceivers, aka nodes, which are shoe-box sized devices, plus 
wireless mesh software. The nodes can be placed within existing roadside equipment, including 
traffic lights. 
 
 
 

VI Recommendations 
 
Congestion charging in New York is an ideal means to meet the goals of New York City’s Mayor 
Michael Bloomberg’s ambitious PlaNYC 2030 program. The plan calls for reduced travel times and 
increased transportation capacity, for improved air quality and public health, and for the needed 
funding for transit maintenance and expansion. These multiple objectives can all be met with 
congestion charging. The City has designed a pilot program with a charging zone of south of 86th 
street, a flat daily fee, and E-ZPass plus camera recognition for both charging and enforcement.  It 
has also laid out policies around use of revenue, exemptions, and interagency coordination.  As these 
details and others are debated at the State and City level, the recommendations in this section are 
meant to provide guidance for that debate. 
 
Which Technology? 
Figure 9 summarizes how various congestion charging technologies compare to one another. 
Automatic number plate recognition, which is used in London, ranks fairly well on most criteria but 
there are technologies available that are as good or better on all criteria.  GPS and mesh networking 
promise the highest level of flexibility, the best potential for a truly area-wide or distance-based 
congestion charging system, and minimal physical presence on the street, however there are 
unknown factors and other barriers that make these systems, in their present state of development, 
less favorable for use in New York City.  The E-ZPass system, as we now know it in the NY-NJ-CT 
region, ranks better than the other technologies in most criteria, however it has two major flaws: the 
reliance on large, unsightly gantries straddling the street, and reliance on relatively expensive 
transponders that require a credit card account from the driver.  There are solutions to these issues 
available now.  London has tested more attractive, smaller poles that can be used in place of the 
gantries.  The new poles can also facilitate area wide charging instead of a cordon, because unlike the 
gantries the poles can be placed throughout the congestion charging zone. Less expensive sticker 
tags are also available in place of the transponders now used by E-ZPass customers.  In addition, it 
is possible to establish an E-ZPass-like account with nothing but cash and a license plate number, as 
it is done in Stockholm.  These features alone show why ‘Next Generation Radio Frequency 
Identification’ ranks higher than E-ZPass for six separate criteria. 
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Figure 9: Technology Scorecard 
 

Automatic 
Number Plate 
Recognition

E-Zpass Radio 
Frequency 

Identification

Next Generation 
Radio Frequency 

Identification

Geographic 
Positioning 

Systems
Mesh Networking

Payment Excellent Fair Excellent Excellent Excellent
Start Up Excellent Good Excellent Poor Fair
Fear of tracking Good Fair Good Poor Poor

Cost Fair Fair Good Unclear Excellent
Enforcement and Accuracy Fair Excellent Excellent Good Unclear

Area/Cordon Good Fair Good Excellent Excellent
Interoperability Fair Excellent Excellent Poor Poor
Flexibility Poor Good Good Excellent Excellent
Reliability Fair Excellent Excellent Excellent Good
Physical Presence Good Fair Good Excellent Excellent

Customer Experience

Administration

Operations

Criterion     

 
 
This report concludes that New York City should rely initially on “Next Generation” E-ZPass 
technology supplemented with camera-based enforcement. E-ZPass is used today by the majority of 
motorists who would be affected, and other technologies are not yet far enough advanced or inferior 
to this option on key criteria.  However, the City should not simply adopt the E-ZPass system 
already in use around the region.  The City should ensure that congestion charging brings with it 
some improvements to E-ZPass that are available now, but not yet in use in this region.  Specifically, 
the City should encourage the next E-ZPass vendor to supply less expensive sticker tags, and to 
allow cash based and anonymous payments. The City should also assess whether using single-pole 
technology, which was successful in London’s technology trials, would be feasible in New York. The 
smaller roadside equipment, with cameras for enforcement mounted on the same poles as E-ZPass 
antennae, would be aesthetically preferable to road-straddling gantries.29 As in Stockholm, the 
congestion charging system would not involve any toll booths, slowing or stopping to pay. 
 
To bring these improvements to our current electronic tolling system to New York City so they can 
be used for congestion charging, the City should become involved with advancements now 
underway that will change E-ZPass in the future. The contract for the current E-ZPass vendor, 
Mark IV, is expiring in 2007. The new contract is being organized by the Interagency Group; a 
performance-based Request for Proposals for a new E-ZPass vendor will be issued in summer of 
2007. The City should work with the Interagency Group to choose a vendor that would best 
facilitate congestion charging technology trials, specifically including single-pole mounted 
transceivers with camera enforcement capable of covering multiple lanes of traffic. The City should 
also solicit improved equipment design outside of the Interagency Group structure. The City should 
ask private vendors such as Mark IV, Accenture, Skymeter and others to design the least visible or 
most attractive roadside charging equipment. Depending on the phasing of a congestion charging 
plan, this could be accomplished through a design competition.  
 
The City should also become involved with emerging in-vehicle systems technology that could affect 
congestion charging in New York. The City should ensure that as new technology emerges it is 
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consistent with and useful to the congestion charging system. Specifically, the federal government 
has committed to adopting the new 5.9GHz standard for dedicated short range communication 
devices that are built in to vehicles. This is being built into many new cars now, and over the next 10 
or 15 years most cars on the road will have essentially a built-in transponder.  The technology is 
primarily being pursued for safety applications such as collision avoidance. However, it can be used 
for tolling as well. The group exploring that possibility is the OmniAir Consortium, which works 
closely with the I-95 Corridor Coalition and others. If the City adopts congestion charging, its 
system will likely be used by vehicles with built-in dedicated short range communication technology 
in the future, and it should ensure these are interoperable.30

 
In the short term, however, it is possible to meet many of the criteria described above with existing 
technology. The City would require a vendor with smaller and less expensive transponders than exist 
now, would establish purchase points at retail outlets and easier electronic payment options, and 
accept cash payments in addition to credit card accounts. Enforcement would occur, as in London 
and Stockholm, with cameras recording license plates of vehicles without transponders and with 
under- or un-paid transponders. Appropriate privacy safeguards, such as prompt destruction of 
records, should be adopted.  Violators would be mailed bills with surcharges. Late payments would 
be accepted by phone, on-line, or at retail outlets. Perhaps the City could follow the example of 
Stockholm and create special kiosks throughout the city where users can view their accounts for 
free. 
 
Related Issues 
The issues involved in system implementation go well beyond what technology is selected. Based 
upon the successful experiences in London and Stockholm, the documentation of these efforts, and 
RPA’s research in the field, a number of important features of a congestion charging program in 
New York suggest themselves. 
 
Monitoring 
The City should commit to a monitoring program, similar to that of Transport for London. The 
monitoring program should track the traffic, community, economic, and environmental impacts of 
congestion charging.  The City should collect baseline data prior to implementation.  Once 
congestion charging begins, monitoring should be ongoing, and updates should be published every 
six months to one year.  Results should be publicly available throughout the process.  A formal 
monitoring program with a clear timetable will address legitimate concerns, putting the City in a 
position to continue, alter or suspend the program over time. The baseline study will be useful in 
determining the effectiveness of the technology and the program as a whole.  It can also help target 
the best transit improvements the City can make by quantifying the impact of congestion charging 
on the transit system, the amount of new capacity that can be accommodated on the street, and the 
potential for more express buses. 
 
Dynamic Pricing 
During the pilot program, the City should evaluate the potential for improving effectiveness by 
varying the price by time of day or level of congestion.  Following the Vickrey principle, congestion 
charges in New York could be more effective at reducing congestion if prices are lower during less 
congested times and higher during peak travel times. This encourages a shift in travel time and to 
travel by transit when transit service is more frequent and widespread.  Dynamic pricing, varying 
either by time of day or by congestion levels, tends to result in a smoother transition from rush hour 
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to off-peak hours, discouraging vehicles from rushing to avoid the charge.  For example, the City 
could charge $5 from 5 AM to 7 AM, $8 from 7 AM to 5 PM, and $5 from 5 PM to 7 PM. E-ZPass 
technology has this flexibility allowing the City to move toward a system of dynamic pricing.   
 
Education Campaign 
Congestion charging is highly controversial. The public needs to be informed and engaged if 
congestion charging is to be a success. The City has begun this effort and will need an ongoing 
campaign to educate the public on the way congestion charging works and its multiple benefits. It 
should develop a means of getting the message out, and answering the inevitable questions and 
concerns of the public. Such a program to “market” the idea will need to communicate the strong 
case that congestion charging is by far the most effective means to ease traffic, while acknowledging 
that other policies would also be helpful and should be pursued at the same time. Also, the argument 
that congestion charging is by far the most effective way to raise the revenue needed for the 
transportation program, and to argue that other revenue sources, such as borrowing, are poorer 
choices, must continue to be emphasized.31

 
Beyond the initial education, the City will need to develop a recognizable brand and communication 
strategy to inform the public about the program.  Branding should tie together official information 
about the program in many media.  The physical street signs themselves will be an important 
ongoing communications tool used by the City.  Signs should be clear, large and plentiful enough to 
be effective, yet they should not be a visual blight. To make use of the system’s flexibility, dynamic 
signs – such as LED screens – may be warranted in addition to regular signs demarcating the 
congestion charging zone. A design competition, or perhaps a sign streamlining program to 
eliminate dated or redundant signs, could help the City. 
 

 
Next Steps  
The most critical action is to proceed with the pilot program proposed by the City. All of the 
recommendations in this report can be implemented in the context of the pilot, and there is now 
way to test there effectiveness without it. Even prior to implementation of the pilot, system planning 
should include the following: 

• Join the E-ZPass Interagency Group to help choose the vendor to supply new technology 
and determine what the next generation of E-ZPass will look like. 

• Continue and Expand an Education Campaign. 

• Design and a Monitoring Program, and collect baseline data. 

• Solicit Improved Equipment Design, possibly through a design competition for roadside 
equipment. 
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1A further logical extension of the congestion charging concept is distance- or time-based charging.  
The London Technology Trials examined the potential of using GPS for distance-based charging, 
however it is not considered here.  Instead, since New York City is planning to implement charging 
in the near future, this report has shaped the criteria for an ideal system to accommodate the 
potential of existing and tested technology. 
2Transport for London.  Central London Congestion Charging Impacts Monitoring, Fourth Annual 
Report. June 2006: 183.   
3Transport for London. Congestion Charging Greater London Authority Act 1999, Schedule 23, 
Four Year Programme. August 2006: Annex A, page 5. 
4Transport for London.  Central London Congestion Charging Impacts Monitoring, Second Annual 
Report. April 2004: 116 
5Transport for London. London Congestion Charging Technology Trials, Stage One Report. 
February 2005: 59. 
6Transport for London.  Central London Congestion Charging Impacts Monitoring, Fourth Annual 
Report. June 2006: 188. 
7“Owners Must Pay Tolls for Stolen Cars.” The Local, Sweden’s News In English 5 January 2006. 
8Jonas Eliasson, Transek AB.  Cost-Benefit Analysis of the Stockholm Congestion Charging System. 
Note that there are other direct public costs and benefits to consider, including necessary transit 
capacity increases, decreases in revenue from fuel taxes and road maintenance, and revenue from 
fines. 
9The system was operational for over 99.9 percent of lane hours. Vagverket. Trial Implementation of 
a Congestion Tax in Stockholm, 3 January – 31 July 2006.  Second Edition, August 2006.  
10Stockholmsforsoket. Facts and Results from the Stockholm Trials. Final Version, December 2006.  
11Transport for London.  Central London Congestion Charging Impacts Monitoring, First Annual 
Report. 2003: Appendix 9.  
12Transport for London.  Central London Congestion Charging Impacts Monitoring, First Annual 
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Extended.” Friends of the Earth. Press Release, 17 February 2004.  
14Mayor of London. “Annual London Survey 2006, Final Topline Results.” 30 January 2007.  
15Transport for London.  Central London Congestion Charging Impacts Monitoring, Fourth Annual 
Report. June 2006. 
16Transport for London.  Central London Congestion Charging Impacts Monitoring, Third Annual 
Report. April 2005. 
17Vagverket. Trial Implementation of a Congestion Tax in Stockholm, 3 January – 31 July 2006.  
Second Edition, August 2006. 
18Stockholmsforsoket. Facts and Results from the Stockholm Trials. Final Version, December 2006. 
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21 Kommunforbundet Stockholms Lan. “TRÄNGSELSKATT – RESULTAT AV 
FOLKOMRÖSTNINGAR.” <http://val.cscs.se/> 
22Justin Rocket Silverman. “Thousands More Surveillance Cameras.” amNEWYORK. 14 December 
2006. “The number of surveillance cameras in Manhattan is increasing so fast that there are almost as 
many in Greenwich Village and SoHo now as there were in the entire city in 1998.” Councilman 
Vallone is quoted saying “there is no expectation of privacy on our city streets.” 
23Transport for London. London Congestion Charging Technology Trials, Stage Two Final Report. 
October 2006: 18. Example of single pole dedicated short range communication and automatic 
number plate recognition in one of London’s Urban Charge Points, established as a trial in 2006.  
24Next generation radio frequency identification, including built-in transponders, will use the 5.9 
GHz band, which has been allocated by the Federal Communications Commission for intelligent 
transportation system purposes. It is specifically for the type of communication pursued by the 
Vehicle Infrastructure Initiative. While transponders using the 5.9 GHz band are the basis for 
currently-conceived VII safety applications, the VII Coalition and USDOT are also considering 
wireless and other technologies to achieve the same ends. 
25“Product Brief: Skymeter Vehicle Location Billing Systems.” Skymeter Corporation. Toronto, 
Canada: 2002-2006. 
26Ibid. 
27Oregon Office of Innovative Partnerships and Alternative Funding. Road User Fee Pilot Program. 
See <http://www.oregon.gov/ODOT/HWY/OIPP/mileage.shtml>. 
28Tropos Networks. Metro-Scale Mesh Networking with Tropos MetroMesh Architecture: A 
Technology Whitepaper. February 2005. 
29It is uncertain whether existing E-ZPass transponders would remain useful if used with London’s 
single-pole technology, however it is likely. Even if the improved roadside equipment is not 
interoperable with the existing E-ZPass system, it is feasible to switch current E-ZPass users to 
another type of tag. The current E-ZPass system requires mailing addresses and full contact 
information of each user, and new tags can be distributed if necessary. 
30One opportunity to demonstrate congestion charging technology may be the 2008 Intelligent 
Transportation Systems World Congress, to be held in New York City. 
31Currently, there are approximately $35 billion worth of transit projects that have been proposed in 
New York, for which the majority of the funding has not been identified. 

http://www.oregon.gov/ODOT/HWY/OIPP/mileage.shtml


Acknowledgements 
 

Regional Plan Association (RPA) is an independent regional planning organization that improves the quality of life and 
economic competitiveness of the 31-county, New York-New Jersey-Connecticut region through research, planning and 
advocacy.  Since 1922, RPA has been shaping transportation systems, protecting open spaces, and promoting better 
community design for the region’s continued growth.  We anticipate the challenges the region will face in the years to come, 
and we mobilize the region’s civic, business and government sectors to take action. This and other RPA publications are 
available at www.rpa.org. 
  
“Congestion Charging and Technology: A Resource Paper for New York City” was written by Alexis Perrotta and Jeffrey 
Zupan. Michael Frumin contributed to the section on GPS, WPS and mesh networking. This report was made possible with 
funding from the New York State Energy Research and Development Authority.  NYSERDA has not reviewed the 
information contained herein, and the opinions expressed in this report do not necessarily reflect those of NYSERDA or 

RPA Board of Directors 
*Member of Executive Committee 
 
Peter W. Herman*  
Chairman 
 
Christopher J. Daggett* 
Vice Chairman, Co-Chairman, New Jersey 
 
The Honorable James J. Florio 
Vice Chairman, Co-Chairman, New Jersey 
 
John S. Griswold, Jr. 
Vice Chairman, Co Chairman, Connecticut 
 
Michael P. Meotti 
Vice Chairman, Co Chairman, Connecticut 
 
Robert A. Scott* 
Vice Chairman, Chairman Long Island 
 
Robert D. Yaro* 
President 
 
Brendan J. Dugan* 
Treasurer 
 
Hilary M. Ballon 
Laurie Beckelman 
Stephen R. Beckwith*  
J. Max Bond, Jr.  
George Campbell 
Frank S. Cicero 
Jill M. Considine  
Kevin S. Corbett 
Alfred A. DelliBovi 
Brendan P. Dougher 
Nancy R. Douzinas 
Douglas Durst 
Barbara Joelson Fife* 
Michael C. Finnegan 
Timur Galen 
Michael Golden 
 

 
Mark B. Goldfus 
Maxine Griffith 
Kenneth T. Jackson 
Ira H. Jolles 
Richard A. Kahan 
Richard D. Kaplan* 
Shirley Strum Kenny 
Matthew S. Kissner* 
Robert Knapp 
John Z. Kukral 
Susan S. Lederman 
Richard C. Leone 
Charles J. Maikish* 
Joseph J. Maraziti, Jr. 
Nicholas Marshall 
John L. McGoldrick 
The Very Reverend James Parks Morton 
Peter H. Nachtwey* 
Jan Nicholson* 
Bruce P. Nolop 
Kevin J. Pearson 
James S. Polshek 
Richard Ravitch* 
Gregg Rechler 
Thomas L. Rich 
Rebecca R. Riley 
Claire M. Robinson 
Elizabeth Barlow Rogers 
Janette Sadik-Khan 
Stevan A. Sandberg 
H. Claude Shostal 
Susan L. Solomon* 
Luther Tai 
Marilyn J. Taylor 
Sharon C. Taylor 
Karen E. Wagner 
William M. Yaro 
 
Directors Emeriti 
Roscoe C. Brown, Jr. 
Robert N. Rich 
Mary Ann Werner 

the State of New York. 



 



 




