SENT BY: 4-10-895 : 17:09 ;  AMTECH ALBUQ., NM-~S GARFINKEL

/RAMTECK

#1721

Fax Transmission

To: . r{r. F;'m;g') Gacly

E : From: __ Lron@ss _}_QBT)R?C"
Company: Date: 4{ (95
Fax #: (6 {r{) 8 76“ 5?‘?? Time:
You should receive ._é l page(s) including this one.
If you do not receive all pages, please call 856-8000 ext: §O[.
Message:

Mevie fod_copesed b alboched.
Eoit Logadds

Nl

(el

AMTECH SYSTEMS CORPORATION
Manufacturing & Technology Division
8600 Jefferson Street NE
Albuquerque, New Mexico 87113
505-857-0715 Main Fax



" SENT BY:

4-10-95 ; 17:09 ;  AMTECH ALBUQ., NM-=S GARFINKEL

J/AMTECHK

Technology a Generation Ahead

SECURED PATRON'S PRIVACY IN NEW ETTM AND ROAD PRICING
APPLICATIONS

Amtech Corporation
17304 Preston Road, Building E-100
Dallas, TX 75252 USA
Phone (214) 733-6600 « Fax (214) 733-6699

ABSTRACT

Preserving patron privacy while performing highly reliable transactions at all
traffic speeds and conditions represents a significant challenge i the design and
implementation of road pricing systems. Most systems available today use data
encryption for transaction security. However, the encryption methods employed
by these systems leave a trail of information which can be used to trace a specific
transaction to a specific patron. Amtech's DyniCash™ system, on the other hand,
uses a patented data encryption scheme with ISO smart card technology to ensure
reliable and secure transaction proccssing at high traffic speeds while providing
patrons' complete trangaction privacy.

1. INTRODUCTION

DyniCash™ combines Amtech's proven, high speed Dynicom® vehicle-roadside
communication technology with the most advanced digital electronic payment
technology. Dynicom® has been recently selected by the Union Internationale des
Chemins de fer (UIC) as the standard for European rail electronic vehicle
identification for its vehicle trackside communication and operates on the
European high speed train at velocitics of up to 400 Km/h. DyniCash™ has been
developed with European high speed requirement in mind and is able to complete
a full payment transaction at speed up to 300 Knvh. Each system component will
be presented in this document together with a description of cach phase of a
payment transaction. Algo, the high level security features which provide
complete privacy to the patron and which make the system unique will be
covered.
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2. SYSTEM QUTLINE AND COMPONENTS

The system as described in Figure 1 consists of three main parts, the charging
part, the paying part and the controlling part.

2.1. The Charging Part

The charging part is represented by the Roadside Charging Station (RCS) located
above the lane on an overhead gantry-or on the side of the lane. It consists of a
single enclosure which fully integrates an RF antenna, an RF module, a logic
board, a kryptor board and a power supply module. The RCS communicates via
RF link to the paying part (IVU-SC) at either 2.45 GHz or 5.8 GHz frequency.
The communication speed is 192 Kbps for uplink messages (RCS to IVU) and
192/384 Kbps for downlink messages.

2.2. The Paying Part

The paying part is represented by the In-Vehicle Unit (IVU) and the Smart Card
(8C).

2.2.1. The In-Vehicle Unit (IVU}
The IVU is equipped with a keypad to set up parameters or to enter the user's pin
code, 8 two-line display, a three-colour LED, a buzzer and a smart card interface.
The IVU is a passive tag which means that it does not transmit a signal
itself. The short-range radio communication link is based on Amtech's well
proven “modulated backscaiter® technology which is preferred to an active
technology for the following reasons:
- The reader alone controls the microwave signal characteristic
(frequency, frequency stability, transmitted bandwidth, power),
-~ The system is "frequency agile" in that IVUs track reader frequency,
- Many IVUs can be located in a small area (IVUs do not transmit),
- The bandwidth of receiver can be tightly controlled which reduces noise
and increases performance,
- As the signal decreases more rapidly than in conventional radio system it
is casier to control the reading zone,
- Both time division and frequency division multiplexing can be used.

2.2.2. The Smart Card (SC)

The smart card is ISO compliant and has two operating speeds, a normal speed at
10.752 Kbps and a high speed at 125 Kbps to allow fast payment transactions at a
gate. The smart card offers two operating modes, post-paid or anonymous
prepatd.

DyniCash™ Page 2
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2.3. The Controlling Part

The controlling part is represented by the Plaza Computer (PZC) and the lane
controller. The plaza computer controls all RCS on a toll plaza and communicates
with a central computer. The lane controller handles lane devices such as light
signals, enforcement camera and so forth.

COMPUTER

Figure 1 - System outline and components

3. TRANSACTION PHASES

An RF transaction between RCS and IVU consists of 4 phases (2 uplink messages
and 2 downlink messages). The sequence is different depending on the system
configuration, i.e. open/closed or prepaid/post-paid. Figure 2 describes the
sequence related 10 a closed system under prepaid mode.

As soon as the IVU enters an RT field and the RF signal power reaches a
threshold value, the IVU wakes up and starts scrolling its ‘commit’ message which
includes information such as transaction number, vehicle classification, payment
mode and others. At the entry gate, the RCS sends a 'get ticket' message which
inchides the answer to the authentication request by the IV1J and gate information
such a8 RCS identification code, time and date of transaction. The IVU
acknowledges the message and the RCS ends the transaction with a hush’
command requesting the IVU to stop modulating,

At the exit gate, the I'VU's 'commit’ message also includes the entry gate
information stored at the entry. This allows the RCS (o calculate the fare based
on the vehicle classification, the route and the time. The fare is sent by the RCS to
the TVU in the ‘challenge’ message together with challenge data which will allow

DyniCash™ Page 3
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the security scheme designed to protect each party involves not only the IVU and
the RCS but all facets of the system.

4._1. Protection of Patrons

The patron wants to be sure that he is correctly charged by a valid toll-collector,
i.c. balance correctly decreased by the proper amount and charging equipment
(RCS) is legitimate,

The IVU/Smart Card authenticate the RCS by sending a random number to
the RCS in the first ‘commit’ message. The RCS carties out a DES encryption on
that random number using & secret key and sends the result in the next downlink
message to the IVU. The [IVU compares the received result with its pre-
calculated result. If the results match, the transaction continues.

Moreover, transactions are stored in the smart card and can be displayed by
the IVU at patron’s convenience so as to allow him to check the validity of the
amount paid, A receipt number also stored in the smart card may be used by the
patron in case of clairn.

Finally, the use of a PIN code changeable by the user prevents fraudulent
use of the card.

4.2. Protection of Toll Charging Operators

The toll charging operator wants to be sure of the legitimacy of a patron's
equipment (smart card) and of the correctness of a payment message (unaltered
information).

The RCS authenticates the smart card by sending challenge data to the IVU
in the 'challenge’ message. The smart card pre-computes a table (‘preparation
matrix') before an actual transaction because encryption processes are time
consuming and thus not compatible with time-limited road pricing applications
{overall transaction time of 17 ms). The challenge digits are used by the smart
card to pick numbers out of its table. Those numbers are sent to the RCS in the
‘challenge’ message and used by the RCS to both euthenticate the smart card and
to reconstruct the digital check.

Moreover, in case of closed system configuration (entry/exit) with entry
data stored in the TVU, sent to the exit RCS and processed by this last RCS to
calculate the fare, there is the possibility of having entry data altered by a
defrauder so as to reduce the amount to be paid at the exit. This is why entry
information is encrypted by the entry RCS using a secret key unknown by the
user's equipment (IVU/smart card). At the exit, the RCS can check the validity of
the entry information received from the IVU before it calculates the fare to be
paid.

DyniCash™ Page 5
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5. PRIVACY

The privacy of the patron is a widespread requirement although not always easy
to achieve depending on the configuration of the toll system itself. With many
parties involved in a complete toll system using prepaid smart cards (toll charging
operator, bank or financial institution, clearing house, patron), it may be possible
to design a system such that no party can get enough information in order to trace
a specific patron's transactions but it is much more difficult to design the system
such that even in cagse of several parties combining information together, it still
remains impossible to trace transactions. Amtech’s DyniCash™ system based on 2
patented data encryption scheme provides the solution to a completely secure
system offering absolute transaction pnivacy to patrons.

5.1. Smart Card Reloading

The patron may use an automatic reload station located for instance in a bank, a
gas station or a grocery store. He inserts his toll smart card in the reload station,
selects the amount to be credited and inserts either bank notes, coins or a bank
credit card. The signature server located in a bank or other financial instituticn
authenticates the smart card and initiates the balance increase process, Once the
balance has been increased, the smart card generates random numbers simnilar in
nature to cashier's blank checks (see figure 3). Those checks are then *blinded’ or
masked by the smart card and sent to the signature server for centification. The
signature server signs the checks, but while it knows it validates a specific
patron's checks, it cannot know the actual check number (masked). The bank’s
signature process involves an asymmetrical algorithm (RSA) with the secret key
located at the bank. The signed, blinded checks are sent back to the smart card
which removes the mask or 'unblinds' the signed ¢hecks, The smart card which
has now an updated balance and a batch of signed checks is ready for use.

5.2. Toll Payment

When an IVU goes through a toll-gate, the RCS requests the smart card to
decrease its balance by the proper amount. The smart card decreases its internal
balance and filis in a signed check with the amount and date/time of the
transaction. Then, the IVU sends the check to the RCS which verifies the bank's
signature. The signature verification also involves RSA algorithm with the public
key stored in every RCS. If the signature is valid, the toll charging operator can
deposit the check later to the bank. When a bank receives a check for deposit
from a toll charging operator, it recognises its own signature on the check but can
not correlate the check number to a specific patron since the check was blinded
when signed.

DyniCash™ Page 6
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Figure 4 - Toll payment with digital check
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6. FIELD TESTS

The system described in this document was tested under various conditions in
Tapan on February 26-27 and March 13-14, 1994, The test was organised and
conducted by our Japanese partner, Mitsubishi Corporation, on a professional
driving test course,

We tested the system under prepaid and post-paid mode, and open and
close configuration. We used two interrogators located on an overhead gantry of
5 meters height and a lane controller connected to a traffic light and a video
recorder in addition to the plaza computer.

We tested successfully the system under normat traffic condition, severe
traffic conditions (bumper-to-bumper vehicles, two motorbikes side-by-side, two

‘motorbikes side-by-side behind a large bus, heavy rain, snow on the windshield,

...) and high speed condition (up to 210 Km/h).
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IntelliTag" Vehicle-Roadside
Communication (VRC) System

System Components

Amtech's radio-trequency (RF) readfwrite IntelliTag™ system
has ewo primary units; the on-vehicle unit, or "ag," and the
roadside communiecator unit (RCU). The RCU consists of an
antenna, an RF transceiver (transmitter/receiver) module, and a
read/wrile transaction processor (sometimes called a "reader™).

Data processing devices may also be linked Lo the system,
either at the roadside (in the form of lanc controllers or auxiliary
data processors) or via lelecommunications (in the form of a
central host computer) to a network of RCUs,

Additional secondary components may inelude vehicle pres-
ence detectors, modems and patron feedbuck devices.

How it Works

The IntelliTag systemn uses s principle called "modulated
backscatter™ w0 ¢nable two-way vehicle-roadside communica-

tions (VRC). The backscatter 1ag is essentially  reflector; 1
docs vot generate or transmit a signal.

As atagged vehicls approaches the RCU, a presence dﬁ[ﬁ.tl)l‘
signals the system 1o lurm on and the RCU sends out a single-
frequency RF signal into the designated area termed the "cap-
ture zone.” Tnside the capture zone, the tag first eniets the "read
envelope,” which is a large as the capture zone itself. The RE
signal encounters the tag and is returned to the RCU antenna,
along with the 1ag’s identification (ID) and other data encoded
in a simple modulaliun of the original RF signal.

The RCU decodes and validates the identificd tag for use in
this system and determines the data to be written back into this
tag. Then the RCU begins 1o transmit the wrile command,
addressed specifically to the tag just read. ‘

As the tag cnters the smaller "write envelope” within the reusd
envelape, and the strength of the RF signal reaching the tag
exceeds a preset threshold, a switch in Lhe tag flips to permit the
write rransaction. The sipgnal from the RCU is aceepied by the
tayg and the new data is written into the tag’s variable memory.

‘To confirm the transaction, the RCU then reads back the 1D,
along with the new data in the tag, and compares it with the
message it senl.

The entire read/write/verify trunsaction takes place in only a
fraction of a second.

The IntelliTag iself contains 240 bits of user-sccessible data
which may be conligured by the system operator for storing
fixed or vaniazble data. Fixed data is information the system
operator wants to keep withthe tag. Vehicle 1D orclassification
may be stored as fixed data. Sech data js electronically locked

The complete readlwrite/verify
transaction takes place in only a
fraction of a second.

during initial programming and cannot be changed except by the
gystem operalor with a security-enabled master programming.
unit.

Remaining bits designated for storing variahle data will be
accessible for reprogramming by properly authorized RCUs in
the field during normal read/write vperation,

J/AMTECK

Technology a Generation Ahead




SENT BY: 4-10-95 7 17:20 ;  AMTECH ALBLQ., NM~S GARFINKEL 1#12/21

v

IT2000 TAGS

PRODUCT DESCRIPTION

The IT2000" tag is a small, self-contaived, purtable
uuit that provides wireless digital cammuwiication

and memory for achieving information, In 1¥115
uomenclature, the tag is a vehicle-roadside
communicativns (VRC) deviee capable of providing
gateway conunueication at high speeds when passing
within tens of meters of the reader. Intellitag Products
has designed the [12000 tag 10 perform reliable and
secure cowinunication for applications that include
electronic toll collection. resouece managenient, access
control, driver information svstems, and peneral VRC.

FREQUENCY AGHE TECHROLOGY

The wicroprocessor-controlled IT2000 1ags are
RF-programmable and battery-powered. They wie
wireless, barkscatrer technology that responds g

tnformition from a roadside reader hy reflecti ng
and mﬂdulall.ing the reader’s RF signal. And thcy

sutomatically adjust 1 and operate on any ader

frequeney within a broad band (eliminatirg the THE
cisk of obsuleseenee il die reader’s frequency
eney ONE TAG

must. be reallocated),

THAT
MOTOROLA PROGESSOR POWIR
The tag features the powerful new [TC22000 mixed- DOES IT ALL
niode signal processor family, specially designed hy
Motorola for [T2000 tags. The ITC22000 forms
the hasis for a product line of comparible and
interoperable tags for wireless gareway communi-
cation. Is architecture is capable of addressing

over 3 megabit of internal or external data memory.

.
a
-

It offers multiple data cates for interoperability with ‘ - :% l“t 6“ it a g p ro d uc _t S

other standards, exteasive digital /0 to implement .

oy T R T T A MOTOROLAZAMTECH tachnalagy partnership
andiovisual indicators. on-board-computer Lnks and

smartcard access, a3 well as analog inputs for recording
information such as wemperature and fuc! level. '

Indelitag b & oBgs d trademark ol Armtaoh Corp Siennge] to lamwilitag Produts, a
genaral perinaephip of Ammch and Moloiola. IT2000 i a brademark of Inlelitag Produots.
Al Aghi3 rogaryed, YWVEE
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Roadside Beacons Used in Advanced Trafflc
Management Systems and IVHS |

By Rand Brown, vice president of
marketing, Intellitag Products

With every passing day, more travelers
join the unorganized mass of vehicles
using & limited number of highways. This
increasing number of travelers all trying
to reach & variety of destinations at the
same time has been labeled “rash hour”
Those using the nation’s highways at these
times simply call it a headache. Ask anyone
who has ever traveled I-10 into Los
Angeles, “When does the traffic subside?”
The answer, most likely, will be “never.”
And in metropolitan areas, where major
arteries used by commercial vehicles and
conuuuters intersect, the need for efficient
traffic flow has reached the critical point.

, One way to improve the flow of traffic
it major urban centers is 1o track and
monitor vehicles with new vehicle-roadside
communications (VRC) systems that
provide two-way communications with
vehicles. An advanced VRC system lays
the foundation for most urban traffic plans.
Specifically, advanced traffic management
systerns (ATMS), one of five intefligent
vehicle-highway systems (IVHS) initiatives,
have been implemented in specific areas,
such as the federal and state highways in
and around Houston,

Improving the Flow

of Traffic

The roadside beacon and the technology
behind its development will advance
ATMS further into mainstream (raffic
management circles. A part of the fature
for IVHS, a roadside beacou is positioned
in stratepic locations along highways

and thoroughfares. Depending on the

complexity of the traffic patterns, readers
can be deployed just at major interseclions
or at every entrance and exit along a road.
Using a unique wireless technology, the
reader scads signals that scan multiple lanes
of traffic. The reader searches for specific
tags, also called transponders, attached to
vehicles traveling past at highway speeds.
Because only 1-in-10 vehicles may have a
tag atlached to it, this type of ATMS is ofien
referred t0 as managing traffic with probes.
Monitoring 10% of the vehicles on a road
can deliver an accurate representation of
traffic patterns at a given time.

When the reader has identified the
tags within its signal range, it completes
communications with each one based on
the information stored within the fap.

The reader can gather useful information
fram the tags - such as vehicle or driver
identification, the destination, origin, or
the cargo — and relay that to a database in
a tratfic control cepter. Since privacy is
an imporant issue, certain VRC systems
providz tag sccurity to keep private
information from being read by
unauthorized readers.

As vehicles move past one reader after
another on a motitored highway, the data
compiled atlows authorities af a control
center to assess the status of traffic flow.

If it takes an inordinate amount of time for
a tag 10 move from one reader to the next,
the traffic control center will know an
accident or other form of blockage has
occurred and can identify where it
happened. At that tirne, operators at the
control center, whether municipal, state

or federal authorities, can make emergency
as well os traffic management decisions

to assist all travelers.

intglitag’s IT2107 Tag
Advanced Technology
Lends a Hand
Monitoring walfic is just the beginning
of larger traffic management. The basic
functions of urban area traffic management
require read-only tags mounted in the
vehicles, This kind of tag — used worldwide
in non-stop electronic toll collection (ETC)
and automatic vehicle identification (AVD
applications - simply transmits programmed
data 1o the reader, which relays the
information to the host computer.
Read-write commimications is the
next level for ATMS. With this method
of communications, the reader is able to
identify the tag from the programmed data
and also “write” information into the tag
based on the 1ag’s individual identification.
Fuor exumple, as a reader identifies a
particular tag, information such as the
milepost number can be written in the
1ag. When the vehicle moves to another
highway, readers in the same ATMS can
identify from what location that vehicle
arrived. This shared information allows
traffic control centers in other urban areas
to monitor traffic as it moves across
boundaries, Obviously, the best sitvation
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for travelers would be to have one tag that
is capable of both read-only and read-write
communications with a roadside beacon.
New VRC systems developed by Intellitag
Products, the Motorola-Amtech partnership,
provide tags with this capability by
partitioning the available memory within
the tag for a variety of applications. A
universal communications tag, for example,
could be used for ETC and gate access
applications, which require read-only
technology, as well as read-write
applications such as advanced traffic
management and a future [VHS
application: advance traveler information
systems (ATIS).

Traveling Down the High-
Tech Highway

In addition to monitoring and tracking
vehicles, a roadside beacon can be used in
conjunction with a read-write tag to provide
information to travelers as they move down
the highway. Information travelers need,

such as changes in speed limits to possible
downroad detours, can be written into the
ta¢ and communicated to the driver.

Roadside beacons used in ATIS also
will be able 1o deliver location information,
such as approaching crossroads and exit
points, as wel as drver agsistance
information, including upcoming stops
for food, fuel, lodging o government
centers. For commercial vehicles, ATIS
will increase efficiency by providing route
guidance, improved trip planning and
detailed, accurate messaging services,
The result will be improved delivery
time and increased productivity.

The roadside beacon can contribute
to increased capacity, efficiency, safety
and productivity of highway systems.
With a decrease in travel time and hiazards
to the environmert, and an increase in
trip efficiency and emergency response,
the guaranteed headache Los Angeles
drivers get as they inch their way down
[-10 will be a distant memory, Where

A roadside beacon, or reader, placed in & sirategic Jocation afong 8 highway can identity
mening velicles containing lage. Readans-manylactured by Inteliisg Frogucts, used in ks
vehicla-aciside communications (VCR) system, can identify vehicies and provide
information fo Iravelers on the highway thiough aavanoed tiaffic managemant.

travelers once dreaded making the long trip
from one city to another, the information
disseminated through roadside beacons
will make trips quicker, more comfortable
and convenient.

1tk
Rand Brown is vice presidend of marketing
for ntellitag Products, the Motorola-
Amiech technology partnership. He
holds a VRC patent and has supervised
the installation of more thon 50 VRC
systems in efght countries.

“#3 intellitag products

A MOTOROLA/AMTECH technolagy partnership

8201 E. McDowell Road
Scottsdale, AZ 83252
(602)441-7116
B0O-359-0873
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SUMMARY

Qctober 1994

TYPES OF APPLICATIONS

Electronic Toll and Traffic Management
Airport Operations
Intarmodal
Motor Freight/Fleet Management {U.S.)
Motaor Freight/Fleet Management (Outside U.S.)
Rail

Security/Accass Control
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SELECTED AMTECH INSTALLATIONS
October 1994
Electronic Toll and Trafflc Management Systams

Aberdeen Tunnel {also see "Cross Harbour” and "Lion Rock™) Hong Kong

A pilot ETC installation by Amtech and Mitsubighi at the Aberdean Tunnel in Hong Kong was
launched it April 1892; pilot testing began in June 1892, and full-scale implernentation began in
August 1993. AutoPaas Ltd., a jolnt venture with Crosg Harbour Tunnel Co. Ltd. and Amtach,
serves as a olearinghouse for customers to establish one account, with one tag, which can be
usad at three tunnals in Hohg Kang.

By September 1993, about 20 percent of Aberdeen Tunnel's traffic used AutoPass, which is
installed at four of the tunnel's 12 lanes. Total traffic at the Aberdsen, Cross Harbour and Lion
Rock Tuhnels is estimated at over 300,000 crossings per day, with approximately 80,000 AVI
transactions occurring daily. As of Septembaer 1994, 42,000 AutoPass tags have begen issued;
150,000 tags ara expected to be distributed within the next few years. This system may also be
expanded to other tunnels and car parks in Hong Kong.

Autoplstas (Acesa/Aucat/Autema/Tabasa), Barcelona Spain

In joint projects with Amtech’s international partners Elsyde! and IBM, ETC systems wers installad
on the Barcelona Acesa Highway and the Tabasa Toll Tunngl In Spain in April 1990, The initial
installation included four lanes at Acesa and two lanas at Tabasa. Contract extensions were
awarded to 1BM for additional lanes at Acesa, along with new implementations at Aucat and
Autema, for & total of 70 lanes.

The Autopistas is the largsst interagency ETC installation in Europe. A customer can use a single
tag on all four tollways. Twalve of the lanes are "Presto” AVI dedicatod lanes, Tag distribution
totals 70,000; an estimated 100,000 tags is projected.

Caminos y Puentes Federales de Ingresos y Servicios Conexos Moexico
(CAPUFE)

In April 1992, Amtech announced that Caminos y Puentas Federales da Ingresos y Servicios
Conexos (CAPUFE), the faederal toll administration for the Republic of Mexico, contracted to Install
134 lanes of Amtech AVI equipment on approximately half of all existing toll lanes at 58 lacations
throughout Mexico. This installation spans nationwide, from Tijuana to the border of Guatemala,
ard required the coordination of efforts across numerous regional delegations. CAPUFE operates
more toll collaction points in Mexico than any other authority — 14 toll reads and 32 bridges,
handling over 13 million transactions a month.

Amtech teamed with Integra Ingeniera S,A, de C.V. of Mexica City to provide hardware and
software for this automatic toll collection system, Components of the project included plaza
computers and lang controllsrs, traffic control gates, and & vehicle classification system.
Installation was completed in April 1993, Phase i was the distribution of 5,000 tags for CAPUFE-
exempt vehiclas. Phase Il will be to tag commercial transportation vehicles. 100,000 tags are
axpected to be distributed by mid-1996. CAPUFE expects the system to improve the flow of
traffic, especially around Maxico City.
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Cofirouta France

Cofirouta is the only privately owned toll company in Franee. This heavily traveled highway,
covering 730 kilometers (454 miles) in southwestern France, was equipped with 20 reader
systems at Two tall plazas near Towrs. Amtech teamed with Sama Group on this installation,
completed In May 1991 with 2,500 tags ordered.

Cofiroute is opening eight new lanes around Tours and is discentinuing its magnetie tollcard
subscription in favor of electronic tags. Cofirouts is also considering the Amtach systern for other
Cofiroute highway projects in various parts of the world.

Crescent City Connectlon, New Orleans, Louisiana UsA

In January 1989, Amtech instafled its toll system on all 12 lanes of the Crescent City Connection
spanning the Mississippl River at New Orleans for the Loulsiana Departiment of Transportation and
Development. The project was the first 100 percent implementation of AVI across all lanes.
Three of the lanes on the bridge are dedicated tag-only lanes that include traffic control gates.

With Amtech's assistance, the Department implemented a TallTag Ristribution Center in New
Onsans. More than 34,000 tags have bean issued by the Department as of June 1994. Of the
70,000 average daily tranzactions, more than 21,000 are AVI. During rush hour, 98 percent of
tag users have used the dedicated Janss.

Regional multi-agency compatability allows thesa same tags to be used on the Lake Pontchartrain
Causeway in New Orlaans.

Cross Harbour Tunnel {also see "Aberdesn” and "Lion Rock™) Hong Kong

Along with the Aberdeen Tunnel, the Cross Harbour Tunnel in Hong Kong began ETC operations in
August 1993, Although they are independent operations, tha Cross Harbour, Aberdeen, and Lion
Rock Tunnels use the same AutoPass tag. Autopass Ltd., a joint venture with Cross Harbour
Tunnel Co. Ltd. and Amtaech, sarves as a claaringhouse for customers to astablish one acocount,
with one tag, to use at the thres tunnels,

ETC is installed at four of Cross Harbour Tunnal's 1§ lanes, with an additional lana ready to be
switched on when demand warrents. Total traffic at the Crosg Harbour, Aberdean and Lion Rock
Tunngls is estimatad at over 300,000 crossings per day, with approximately 80,000 AVI
transactions occurring daily. As of September 1994, 42,000 AutoPas=s tags have been issued;
150,000 ara expected to be distributed within the next few years. Expansion of tag use to other
tunnels and car parks in Hong Kong is being considered.

Salactad Amtech tnstallations 2 10/7/84
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Dallas North Tollway, Texas Tumpike Authorlty, Dallas, Texas USA

The Dallas North Tollway was the first toll road in the U.5. to incorporate ETTM, It is an excellent
example of the benefits of Amiech's automatic toll collection systam. The systam was instatled
under a private/public-participation agresement (build/operate/tranafar) between the Texas Turnpike
Authority and Amtech. The projact included design, manufacture, and installation of all host,
plaza and lane computers, interface to existing equipment, and implementation of tag store
aperations.

On August 1, 1989, full linplementation of ETC for 60 lanes (10 plaza computers] of tha tollway
was completed. Due to its enormous succesgs, the Texas Turnpike Authority implemented four tag-
anly tanes as an added benefit for tag users in November 1980. After only two weeks of being in
affect, more than 11,000 daily transactions were registered in just these four lanes, Amtach
installed equipment for 28 more lanez, of which two are tag-only, construeted as part of &
highway extension and opened In September 1594,

Asg of Juna 1894, more than 90,000 TollTags have been issusd. An avarage of 85,000 AV
transactions out of nearly 300,000 occur each day. Patrons enjoy convenience, decreased tratfic
back-up, and shortened cammuter time due to the Amtach systam,

Esterel-Cota d’Azur Toll Agency {ESCOTA} France

ESCOTA serves as a major link 1o ¢ities along the Franch Rivera for thousands of commuters sach
day and is the first truly cormmercial elegtronie toll cellection ayatem in Eurepe, Implemanted In
January 1991. Amtech teamed with Elsydel to [nstall 62 Janes on thizs 250 kilometer {155 miles)
of highway near the city of Antibes in southern France.

Three of the lanes are "Presto™ AVI dedicated lanes, and two lanes are AVI dedicated only {not
high-speed). The remaining 57 lanas are "mixed" lanes. Average daily transections total
360,000, with about 40,000 being AVI. About 45,000 tags have been distributed.

A unique benefit available to tag users Is a direct interface with the national Minital service, which
anables usets to directly check their balance accounts and curreint registered tag transactions, as
well as requast electronic funds transfers from their bank 1o tag accounts, Other tag-related

oparations, such as reporting stolen or lost tags, can also be directly transferrad to the toll
authorlty from the user's home terminal.

GA-400, Atlanta, Georgia USA

Lockhead IMS chose Amtech to provide ETC and closed circuit (CCTV) systems, and install a
majority of the subsysteims including vehicle classification and video enforcament systems, for 18
lanes of the Georgla Route 400 sxtansion In Atlanta. Amtech also coordinated all the civil work
activity associated with this project. Unique to this contract is the provision of a licanse plate-
mounted tag, The installation opened in August 1993,

Tha Georgia Department of Transportation estlmatas 693,000 vehicles cross the plaza daily with
about 15,600 AVI transactions. Administrators have stated that the system is exceeading all
expectations, with avarage daily transactions as high as 80,000, Four lanes are designated AVI-
only exprass lanes. As of June 1994, & total of 35,000 tags have been orderad for this
installation and about 28,000 tags have been distributed.

Lelagted Amtech Installations 3 1072484
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Harris County Toll Road Authority [HGTRA), Texas usa

The Harris County Toll Road Autharity (HCTRA} operates the Sam Houston Tollway and the Hardy
Toll Road. Cubic Toll Systems chose Amtech for design, installation and integration, and
meintenance training services to provide ETC systems for 69 lanes, interfacing with Cubic's
existing lanc equipment.

The HCTRA system was retrofitted to 31 existing toll plazas. Five main barrier plazas were
designed to provide tag-only lanes located on the left-hand side in each direction, that allow for

non-stop AVI transactions at speeds up to 50 mph. Amtech also provides sygtem monitoring
services.

Average dally transactions total 290,000, with about 30,000 AVI transactions. As of June 1994,
over 26,000 of the 40,000 tags ordered were distributed. This system also accepts tags issuad
by the Oklahoma Turnpike Authority and the Texas Departmant of Transportation,

Lake Pontchartrain Causeway, New Orleans, Louisiana USA

Amtech's ETC system operates on the world's longest double-span bridge (42 kilometers or 28
milas) over Louisiana's Lake Pontchartrain in New Qrleans. Six lanss were commissioned in
December 1990. Two lanas an the bridge are dedicated AVI only during peak-hour traffic. The
AVI system interfacas with the existing plaza computer and vehicle classificatlon systam,

Mare than 27,500 crossings are registered daily, and 15,800 of these are AVI transactions. Tag
usags approaches 90 percent of total rush hour transactions. As of June 1994, more than
15,600 tags have been issued. Regional multi-agency compatibility allows these same tags to be
used on tha Crescent City Connection in New Crleans.

Lincoln Tunnel, Port Authorlty of New York and New Jerzey UsSA

Amtech assisted SAIC in equipping the Lincoln Tunne] with an ETC system to collect tolls from
buses for the Part Authority of New York and New Jeisey. This is the longest continuously
operating ETC system in the U.S., performing reliably and aceurstely in 8 vary rigorous
environment since April 1988,

Two dedicated bus-only lanes of the tunnel's 12 lanos are equipped with the ETC system and
handle about 2,000 daily transactions, Approximately 3,100 buses are tagged. This system has
significantly increased tolf collection reliability and revenuas.

Lion Rock Tunnel {also see "Aberdesn” and "Cross Harbour") : Heng Kong

The Lion Rock Tunnel in Hong Kang began ETC oapserations in September 1994. Although they are
independent operations, the Aberdean, Cross Harbour and Lion Rock Tunnels use the same
AutoPass tag. Autopass Lid., & Joint venture with Crose Harbour Tunnel Co. Ltd, and Amtech,

serves as a clearinghouse for customers o establish one account, with one tag, to use at the
three tunnels.

ETC is installed at three of Lion Rock's 13 lanes. Total traffic at the Aberdeen, Cross Harbour and
Lion Roeck Tunnels is estimated at over 300,000 crossings per day, with approximately 80,000
AVl transactions occurring daily. As of Septembar 1994, 42,000 AutoPass tegs have been
issued; 150,000 are expected to ba distributed within the next few yvears. Expansion of tag use
to other tunnels and car parks in Hong Kong is being considerad,
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New York State Thruway, New York USA

The Naw Yark State Thruway Authority integrated a complete ETC systermn using Amtech AV!
systems et six locations: Spring Valley, Tappan Zee Bridga, Buffale Grand Island {north and south
plazas), Harriman, and Yonkars.

Spring Valley implemented ETC on eight of its 16 lanes, and the Tappan Zee Bridge on alt of its 13
lanes in August 1283. In Qetober 1993, Grand Island Bridge implemented ETC on all 12 of its
lanes at two toll plazas. Each location has two AVi-only lanes that can expand to four as demand
increases. Two other plazas represanting eight lanes at Harriman and Yonkers were recently
addad, for a grand total of 41 lanes associatad with this project,

These facilities average approximately 169,000 dally transactions; about 68,000 are AVi-basad.
As of September 1994, about 87,000 tags ware distributed. Tags issued by the E-ZPass Center
can be used at any of the locations.

Gklahoma Tumpike Authority, Cklahoma USA

As the world's largest currently installed ETC project, this system covers 209 lanes on 940
kilometers (585 miles} of all 10 Oklahoma turnplkes. Constituting the PikePass system, the first
88 lanes were commissioned in January 1991, followed by another 97 (anes in September 1291,
The remaining 24 lanes were aquipped in March 1992, This state-of-the-art ETC system allows a
PikePass user to continue on the turnpike at highway speeds while an overhead tag reader

automatically records and bills or debits the account. Those who are not PlkePass users must axit
to complete a cash toll transaction.

This geographically broad inztallation raguirad Amtech to design & systern that would interface
with & massive telephone communications network and remote plaza computers. A total of 21
plaza computers ware installed. In addition to providing reader systems, auxiliary equipment,
softwars, and malntenance services, Amtech opsned and now oparates PikePass retsll officas in
Tutza and Oklahoma City.

Amtech lane controllars were later integrated with all the tumplkes' AV, manual collection and
automatic ¢oin maching systams, Armtech also provided PikePass' video enforcamant system. As
of June 1984, 240,000 tags were distributed. Of the 160,000 average daily transactions,
approximately 70,000 are AV transactions.

San Juan-Rio Piedrag Bridge, Puerto Rice Puerto Rico

SICE, a systams integrator from Spain, purchased and installed Amtech ETC systems for Dyorax,
the contractor for a new private toll brldge that links the beach community of Rio Piadras with the

airport in San Juan, Puerto Rico. Eguipment for six lanes were provided and 10,000 tags initially
otdered.
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Severn River Bridge, Bristol Engtand

The Sevarn Bridge spans the boundary betwsen England and Waeales. Cofiroute, a French-based
agency, awarded thig installation to Elsydel who selectad Amtech for ETC and video monitoring
systems. The installation wag compléted in October 1882,

Thege of the eight lanes of the Savern Bridge are equipped with Amtech hardware and software.
This bridge serves approximately 35,000 vshicles per day in each direction, with abeut 4,000 AVI
ansactions. Amtech software was developed for thres clasges of vehicles: cars, vans and
trucks. As of June 1994, 8,000 tags have besn shipped.

Saciote des Autoroutes Parls Rhin Rhome (SAPRR] France

In November 1981, Amtech's marketing partner, Elsydel, instetled an ETC system in Villefranchae,
France, on its Parls to Lyon route for the Societe des Autoroutes Paris Rhin Rhone (SAPRR]. The
initial SAPRR system, called SVT (Systeme Voies Telepeages), included four mixed AVI lanes (with
the potential of up to saveral hundred), and one high-speed "Presto" AVi dedicated lane.

An extension of the systam to the Genay toli plaza (also north of Lyon} with four AVI mixed lanes
officially openad in October 1992, Daily AV! transactions total approximately 9,000, About
5,800 tags have been delivered to Elsydal, with 2,500 distributed to usera to date.

Texas Dapartment of Transportation USA

In May 1993, the Texas Department of Transportation awarded a contract to Amtech for an AVI
system to moniter traffic conditions on three Houston freeways {I-10, |-45, and US-280). The
project includes design, hardware, ingtellation, and maintsnance services, utilizing & large
communications network and spread-spectrum radio. Amtech also supplied data collaction and
maonitering services,

This iz the first application of AVI for elactronic traffic monitoring on a congested highway
syatein, Amtech AVI tags installad on vehiclea serve as intelligent "probes” that relay information
regarding highway traffic flow and travel times to a traffic management facility operated by the
Texas Transportation Institute (TT1). With the data from the Amtech tags, TTI Is able to assess
travel conditions and provide motorist information regarding travel times and alternate routing
advisories via varieble message digplays an the roadway or through local radio broadeasts.

Phase | of this installation, already instelled and oparating, covers 36 sites {161 lanes}. Phase |l
cavers an additional 52 sites {315 lanes) across five mora highways, including the Hardy Tolt
Road. ‘

As of February 1994, abhout 4,200 tags have been orderad for distribution to commuters. The
system i3 now used in conjunction with tags issued through the Harris Counry Toll Road Authority,
as well a3 other compatible tags from public and private entities.
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