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[57] ABSTRACT

A security system having two-way communication with a
central monitoring station. The security system is equipped
with a computerized control and communications unit. The
control and communications unit is connected to a position
determination device and to a calling unit. The contro! and
communications unit is also connected to several intrusion
detection devices. Upon direction of the control and com-
munications unit, for example, in response to the detection
of a violation of an intrusion detection device, the calling
unit establishes a communications link with the central
monitoring station and communicates thereto the status and
location of the vehicle in which the security system is
located. The control and communication device is operable
to receive commands from a handset electrically connected
thereto. The central monitoring station, by communicating
with the control and communications unit, is operable to
control functional units of the vehicle. The central monitor-
ing station includes a display on which maps showing the
location of vehicles in communication with the monitoring
station and information about such vehicles. An operator at
the monitoring station may direct equipment in the moni-
toring station to initiate calls to law enforcement organiza-
tions and emergency response vehicles. Other systems and
methods are disclosed.

10 Claims, 36 Drawing Sheets
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/615

= Customer Information

Customer Name: | John Q Customer
Address: |654 Lake Line Road

Clarksville Ga 45604

Account Number; [ 0123456

Home Phone: |505-765-0453

Work Phone: |505-654-8000

Car Phone:  [505-345-5643
Number Of Times Logged In] 4
Date Of Last Log In: 12/25/92
Operator Last Log In:| Bulldog

(oK )
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PROGRAMMABLE VEHICLE MONITORING
AND SECURITY SYSTEM HAVING
MULTIPLE ACCESS VERIFICATION
DEVICES

FIELD OF THE INVENTION

The present invention relates to vehicle location and
alarm systems, and more particularly to a system for deter-
mining the location, speed and direction of a vehicle, if
moving, and a means for monitoring a set of vehicle
intrusion sensors to determine if a violation has occurred.
The system utilizes bi-directional cellular telephone network
communication to signal a remote central monitoring station
which can issue signal commands to the vehicle capable of
affecting various functions or mechanisms in order to immo-
bilize the vehicle.

BACKGROUND OF THE ART

In 1991 approximately 1.8 million vehicles were stolen in
the United States, about one vehicle every 20 seconds. Car
theft costs at least $8.3 billion yearly and accounts for
almost half of the total property lost to crime each year.
Additionally, approximately $1.0 billion is spent annually in
local law enforcement efforts to address car thefts and
related crimes.

While improvements to vehicle security systems, such as
car alarms and ignition and steering wheel locks, have made
auto theft more difficult to amateur auto thieves, such
devices are of little significance to the professional auto
thief. The chance of apprehension, conviction, and impris-
onment of an auto thief is less than one percent.

One drawback to the improvement of conventional alarm
systems and other anti theft technology is that the mode of
auto theft has changed. With increasing frequency auto
thieves steal cars by commandeering the car from the owner
at gun point—carjacking. While carjacking still accounts for
a relatively small fraction of all car thefts, its violent nature,
occasionally involving the murder of the owner of the
vehicle, and its increasing frequency, as many as 60 car-
jackings per day, makes it a crime which is very worrisome
to most motorists.

Conventional security devices such as alarm systems are
plagued by numerous drawbacks. First, most professional
car thieves are not deterred by or are able to circumvent the
alarm system. Second, conventional alarm systems are usu-
ally ignored by the public at large. Most casual passersby
ignore the sound of a car alarm as being the shriek of the
proverbial boy who cries wolf. Third, car alarms provide no
means for tracking a stolen vehicle, and, thus, do not aid in
the recovery of the vehicle. Fourth, car alarms do not aid the
victim of a carjacking. Most carjackers will not approach a
vehicle until the owner of the car has disarmed the alarm
system, and a person with a weapon held to his/her head is
very urnlikely to turn on an alarm for the fear of aggravating
the robber to the point of taking some violent action.

To address certain of these deficiencies in car alarm
systems, in particular the lack of tracking ability, systems
have been developed which enable law enforcement per-
sonnel to locate stolen vehicles.

U.S. Pat. No. 5,223,844 to Mansell et al. teaches a vehicle
tracking system in which the global positioning system
(GPS) is used to determine the location of vehicles. The
vehicles are further equipped with cellular telephone equip-
ment for continuously tracking the vehicles in a fleet.
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Mansell provides for a separate keypad for entering com-
mands to be sent to a control center.

These system suffer from the deficiencies that a separate
keypad is necessary for communication with the security
system. Further deficiencies include the lack of program-
mability and the inability to provide for a separate voice
mode in which the identity of an occupant of the vehicle can
be verified through spoken words. Prior art systems further
do not provide for visual identification of the occupant of a
vehicle.

It is therefore desirable to provide a system which pro-
vides for a security system which prevents theft and car-
jacking of vehicles, assists in the recovery of stolen vehicles,
and which overcomes the deficiencies in the prior art.

SUMMARY OF THE INVENTION

The present invention provides a security system for
protecting a vehicle from theft and from car jacking.

Generally described, the present invention provides a
security system installed in a vehicle which is in telecom-
munication with a central monitoring station to communi-
cate alarm conditions to the central monitoring station, and
to receive directives from the central monitoring statior.

In a preferred embodiment, the present invention provides
a system in which a vehicle is equipped with a plurality of
intrusion detection devices which are operable to detect
violation of a protection zone, and operable to output signals
to indicate a violation of the protection zone. A calling
device, such as a cellular telephone, operable to establish a
communication link to said central monitoring station is
connected to the intrusion detection devices via a comput-
erized control and communications unit. The computerized
control and communications unit, responsive to signals from
the intrusion detection devices, causes the calling unit to
establish a communication link to the central monitoring
station. The vehicle is further equipped with a position
determination device, e.g. a2 GPS receiver, connected to the
control and communications unit and operable to determine
position information of the vehicle.

The vehicle is further equipped with devices to determine
the identity of occupants of the vehicle. In one embodiment
the identification is obtained via a keypad on a cellular
telephone handset, in another embodiment the identification
is obtained using voice recognition, and in a third embodi-
ment a video image is obtained of the driver of the vehicle
and this video image is compared to archived images of
authorized users of the vehicle. The vehicle is further
equipped to receive and to process control signals from the
central monitoring station. These signals may, for example,
shut down the ignition of the vehicle or cause the head lights
of the vehicle to flash.

Itis an object of the invention to provide a security system
for vehicles in which a communications link is established
between one or more vehicles and a central monitoring
station.

It is a further object of the invention to provide a security
system in which a positioning device is used to determine
the location of the vehicle.

It is an additional object of the invention to provide a
security system in which intrusions trigger alarm situations
which are communicated along with the location of the
vehicle to a central monitoring station.

It is further an object of the invention to provide an
automotive security system with a pager so that a central
monitoring station can request the security system to call the
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central monitoring station and report the location of the
vehicle.

It is an additional object of the invention to provide an
automotive security system having a cellular telephone
handset which may be used both for verbal communication
to other telephones and for entering keyed and verbal
commands to the security system.

It is a further object of the invention to provide an
automotive security system in which features, such as the
arming and disarming of particular intrusion detection
zones, the automatic arming of the system, the range in
which the vehicle may travel, may be programmed through
the handset of a calling device connected to the security
system.

It is a further object of the invention to provide a security
systern in which a central monitoring station may take
control of certain vehicle functions.

Other objects, features, and advantages of the present
invention will become apparent upon reading the following
detailed description of embodiments of the invention, when
taken in conjunction with the accompanying drawing and
the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is illustrated in the drawings in which like
reference characters designate the same or similar parts
throughout the figures of which:

FIG. 1 is a perspective view of a landscape in which a
central monitoring station according to the present invention
is located and in which several vehicles equipped with the
security system according to the present invention are trav-
eling.

FIG. 2 is perspective view of a vehicle having a security
system according to the present invention,

FIG. 3 is a perspective view of the security system
according to the present invention.

FIGS. 4(a) and 4(b) are block diagrams of the internal
components of the control and communications unit of the
present invention.

FIG. 5 is a block diagram of an alternative embodiment of
the internal components of the control and communications
unit of the present invention. .

FIG. 6 is a block diagram of the equipment in the central
monitoring station.

FIG. 7 is a state transition diagram showing the interac-
tion between the security system of a vehicle and a central
monitoring station according to the present invention.

FIGS. 8(a) through 8(¢) illustrate the user interface of the
central monitoring station of FIG. 6.

FIGS. 9(a) through 9(c) are flow diagrams showing the
operation of the central monitoring station of FIG. 6.

FIGS. 10(a) through FIG. 10(0) are flow charts of the
operation of the equipment of the mobile units of the
security system according to the present invention.

FIGS. 11(a) through 11(c) illustrate a handset of the
security system during programming mode.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a perspective view of a landscape in which a
central monitoring station according to the present invention
is located and in which several vehicles equipped with the
security system according to the present invention are trav-
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eling. FIG. 1 shows a geographical area 101. A central
monitoring station 103 is located in the geographical area
101. Two vehicles 105 and 107 are also located in and are
traveling in the geographical area 101. There is no limit on
the number of vehicles which may be protected by the a
security system constructed as described herein. Similarly,
multiple central monitoring stations, for example, each
serving a different geographic area, is also within the scope
of the present invention.

Orbiting the earth somewhere above the geographical area
101 are a multitude of global positioning satellites, two of
which are shown in FIG. 1 as satellites 109 and 111. The
Global Positioning System (GPS) is a U.S. Department of
Defense developed system consisting of a constellation of
24 satellites. Each satellite constantly broadcasts precise
timing and location signals. A GPS receiver is able to
determine the distance between itself and a transmitting
satellite by knowing the location of the satellite and deter-
mining the elapsed time between the transmission and the
receipt of the signal. By receiving signals from several
satellites simultaneously, a receiver can pin-point its loca-
tion with an accuracy of 20 to 100 meters.

Each vehicle, e.g., vehicle 107 or vehicle 109, that utilizes
the security system according to the preferred embodiment,
has a GPS receiver and other circuitry (discussed below in
conjunction with FIGS. 2-9) to receive GPS transmissions
from several satellites simultaneously. By analyzing the
signals from several satellites, the on-vehicle circuitry is
able to calculate the location of the vehicle 107 and 109.

Each vehicle 107 and 109 is further equipped with cellular
telephone transceivers (discussed below in conjunction with
FIGS. 2 through 5, 10, and 11). The cellular telephone
transceivers transmit location data, using the cellular tele-
phone system, to the central monitoring station 103 (dis-
cussed in detail below in conjunction with FIGS. 6 through
9).

FIG. 2 is a perspective view of a vehicle having a security
system according to the present invention. A vehicle 200, for
example an automobile, is equipped with a security system.
The security system includes a control and communications
unit 201 connected to a number of intrusion detection
devices, for example, a pin switch 203 located to detect
when the trunk is opened, a pin switch 205 located to detect
when a door is opened, a pin switch 207 located to detect
when the hood is opened, a motion detection device 209
which is operable to detect any motion of the vehicle 200.

The control and communications unit 201 upon receiving
a signal from any of the intrusion detection devices may act
as a car alarm system and sound a siren, e.g., a horn 231.

The vehicle 200 is further equipped with a GPS receiver
unit (internal to the control and communications unit 201)
which is connected to a GPS antenna 220. The GPS receiver
unit is a multi-channel GPS receiver and can thus receive
time and location signals from multiple GPS satellites
simultaneously.

The vehicle 200 is further equipped to transmit and
receive voice and data over a cellular telephone system. In
an alternative embodiment the vehicle 200 is additionally
equipped to transmit images over a cellular telephone sys-
tem. Generally, vehicle 200 is equipped with circuitry oper-
able to transmit the location of the vehicle as well as security
codes, panic codes and voice to the central monitoring
station 103.

To be able to receive and transmit voice and data over the
cellular telephone network, the vehicle 200 is equipped with
a cellular transceiver 213 that is connected to the control and
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communications unit 201. The control and communications
unit 201 is further attached to a cellular telephone handset
211. The cellular telephone handset 211 includes a keypad
2115 with which the operator of the vehicle 200 can enter
commands and codes to the control and communications
unit 201.

The cellular telephone transceiver 213 is connected to a
cellular telephone antenna 215 via an antenna selection relay
216. During the theft of a vehicle, it is not uncommon that
the thief attempts to remove the cellular telephone equip-
ment, including any antennas. Therefore, a backup cellular
antenna 217 is also attached to the antenna selection relay
216. If the cellular telephone antenna 215 is removed from
the vehicle 200, the antenna selection relay is operable to
make a connection between the backup cellular antenna 217
and the control and communications unit 201.

The control and communications unit 201 and the backup
cellular antenna 217 are preferably located somewhere in the
vehicle 200 where they are inaccessible to a thief, for
example, underneath a floor board or in the trunk of the
vehicle 200.

The cellular telephone transceiver 213 is capable of
receiving commands transmitted from the central monitor-
ing station 103. In the event that the driver of the vehicle 200
fails to disarm the system or if the driver enters a panic code,
the operator at the central monitoring station 103 may
control certain aspects of the operation of the vehicle 200.
The operator of the central monitoring station 103 takes
control of the vehicle by transmitting control codes via the
cellular telephone system to the vehicle 200. These control
codes are received by the cellular telephone transceiver unit
213 and processed by the control and communications unit
201. The control and communications unit 201 is pro-
grammed (as described in conjunction with FIGS. 10(a)
through 10(0)) to accept these commands from the trans-
ceiver 213, parse the commands, and upon recognition of
certain commands, control certain operational functions of
the vehicle 200. Examples of such control functions are:
locking and unlocking the power locks, turning off the
ignition, opening and closing the power windows, sounding
the hom, flashing the head lights, flashing the interior lights,
turning off the fuel line.

To control these functions, the control and communica-
tions unit 201 is connected to certain relays. For example,
the control and communications unit 201 is connected to the
light relay 225. The light relay 225 is connected to the head
lights 227, 227", 227", and 227". By tumning off the current
to the relay 225 the control and communications unit can
flash (or otherwise control) the headlights 227' through
227, Similarly, the control and communications unit 201 is
connected to a horn relay 229. The horn relay 229 controls
the horn 231. The horn 23 1 may be either the horn normally
installed in the vehicle 200 or may be an auxiliary horn used
primarily for alarm purposes.

The control and communications unit 201 is also attached
to an ignition module 221. The ignition module 221 is, for
example, an electronic ignition module. The control and
communications unit 201, by turning on or off a current to
the ignition module 221 controls the operation of the engine
of the vehicle 200.

As an alternative means for disabling the vehicle 200, the
control and communications unit 201 is connected to a fuel
line control valve 223. The fuel line control valve 223 is
connected on the fuel line (not shown) between the fuel tank
(not shown) and the engine (not shown). The fuel line
control valve 223 is an electrically controllable valve. By
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turning on or off the current to the valve 223, it is either shut
or opened, thereby controlling the fuel supply to the engine.

The vehicle 200 is further equipped to identify any of its
occupants. In a first embodiment, the keypad 2115 is used by
the occupant to enter commands and codes. For example, if
the security system is armed and the door pin switch 205
detects that a door has been opened, the control and com-
munications unit changes modes into an AUDIT mode (the
different modes of operation of the security system accord-
ing to the preferred embodiment are discussed further
below). During AUDIT mode the operator of the vehicle is
allowed a predetermined amount of time (e.g., 30 seconds)
during which to disarm the system. Disarming is accom-
plished by entering a code on the keypad 2115.

In an alternative embodiment, disarming codes are
entered by speaking verbal codes to the cellular telephone
handset 211. These verbal codes are transmitted from the
handset 211 to a voice recognition circuit (discussed further
in conjunction with FIG. 4). The voice recognition circuit is
operable to distinguish the voice of authorized operators of
the vehicle 200.

- In a third alternative embodiment, the vehicle 200 is
equipped with a camera 233. The camera 233 is for example
a charge-coupled device (3D) camera. The camera 233 is
positioned such that it obtains an image of the driver of the
vehicle 200. The camera 233 is connected to the control and
communications unit 201 so that an image from the camera
233 may be processed by the control and communications
unit 201 and transmitted via the cellular telephone system to
the central monitoring station 103. At the central monitoring
station a determination is made as to whether the driver of
the vehicle 200 is an authorized driver. For example, the
image is displayed on a graphics display 605 at the central
monitoring station 103 (the equipment of the central moni-
toring station is discussed in conjunction with FIG. 6) and an
operator views the image and compares it to images in a
database 607. Alternatively, pattern recognition algorithms
are used to verify that the driver of the vehicle 200 is an
authorized driver.

The vehicle 200 is further equipped with a pager receiver
245 connected to the control and communications unit 201.
The pager receiver 245 is operable to receive a page from the
central monitoring station 103. The pager receiver 245 of
each vehicle 200 is operable to be paged on the same
telephone number. In a data stream following the page, an
identifying code is transmitted. The identifying code is
uniquely associated with each vehicle 200. Thus, while all
vehicles 200, which are within reach of the page, receive the
page, the unigue identifying code allows each vehicle 200 to
discern whether the page is intended for itself or for another
vehicle and to only respond to commands address to itself.

On the data stream following the identifying code, a
command is transmitted through the pager receiver 245 to
the control and communications unit 201. Commands
include “call central monitoring station”, “arm security
system”, “disarm security system”, “lock doors”, “unlock
doors”.

The vehicle 200 may also be equipped with an RF
receiver 253 connected to the control and communications
unit 201. The RF receiver 253 is operable to receive a signal
transmitted from a bhand held palm-sized transmitter for
example attached to a person’s key chain. The transmitted
signal causes the control and communications unit 201 to
either arm or disarm the alarm system and to lock or unlock
the vehicle’s 200 doors.

The control and communications unit 201 is further

connected to a buzzer 255, The buzzer 255 is sounded to
indicate an AUDIT state or an ALARMING state.
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The control and communications unit 201 and its associ-
ated peripheral devices, e.g., transceiver unit 213, are pow-
ered by the vehicle’s battery 234. To provide backup power,
for example in the event a thief removes the vehicle’s battery
234, a backup battery 238 is also connected to the control
and communications unit 201. The voltage levels of both the
vehicle battery 234 and the backup battery 238 are moni-
tored by the control and communications unit 201. A low
voltage on either battery causes an appropriate warning
message to be displayed on the handset display 211a.

FIG. 3 is a perspective view of the security system
according to the present invention. A security system 300
consists of the control and communications unit 201 that is
connected to the cellular telephone transceiver 213, the
cellular telephone antenna 215, the cellular telephone
backup antenna 217, and the GPS antenna 220. Furthermore,
the control and communications unit 201 is connected to the
cellular telephone handset 211 either directly or via a cradle
235 (as shown in FIG. 2). An RJ45 cable 241 forms the
connection between the control and communications unit
201 and the cellular telephone handset 211.

The control and communications unit 201 receives input
signals from various intrusion detection devices (as shown
in FIG. 2). These signals are transmitted to the control and
communications unit 201 on an input bus 237 that is
connected to the control and communications unit 201. The
control and communications unit 201 outputs signals to
several control devices (as shown in FIG. 2). The output
signals are placed by the control and communications unit
201 onto an output bus 239 that is connected to the control
and communications unit 201.

The cellular telephone transceiver unit 213 is connected to
the control and communications unit 201 via a RJ45 con-
ductor 243.

The control and communications unit 201 has a connector
247 for connecting a portable computer 249 to the control
and communications unit 201. The connector 247 is for
example a RS232 connector. The portable computer 249 is
equipped with a connector 251 with which the portable
computer 249 is attached to the control and communications
unit 201.

FIG. 4(a) is a block diagram of the internal components
of the control and communications unit 201 of the present
invention. The control and communications unit 201 con-
sists of a Central Processing Unit (CPU) 401. The CPU 401
is, for example, a Hitachi HD7180 CPU. The CPU 401 is
connected to an erasable programmable read only memory
(EPROM) 403 and a random access memory (RAM) 405,
The CPU 401 is further connected to a modem 407. The
modem 407 is connected via a switching network 417 to the
cellular telephone transceiver unit 213 for sending and
receiving data to the central monitoring station 103. The
handset 211 is also connected to the switching network 417
and to the CPU 401. The CPU 401 controls the switching
network 417 so as to enable and disable communication
between the handset 211 and transceiver unit 213. Commu-
nication between the handset 211 and the transceiver unit
213 is referred to herein as “normal communication mode”.
During normal communication mode the CPU 401 monitors
the communication between the handset 211 and the trans-
ceiver unit 213 to determine whether the user of the handset
211 has entered a command for the control and communi-
cations unit 201 or whether the central monitoring station
has sent a command to the vehicle 200. Commands for the
control and communications unit 201 are entered on the

keypad 211b of the handset 211. Any commands sent to the
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control and communications unit 201 are acknowledged by
the control and communications unit 201 by sending display
codes to the display 211a of the handset 211.

The switching network 417, upon control from the CPU
401, is further operable to disable communication between
the handset 211 and the transceiver unit 213 and enable
communication between the CPU 211 and the transceiver
unit 213 via modem 407. This mode of operation is referred
to herein as “alarm communication mode”. During alarm
communication mode all communication to and from the
handset 211 is completely disabled.

The switching network 417, upon control from the CPU
401, is further operable to disable all communication to the
transceiver unit 213 and enable communication between the
handset 211 and the CPU 401. This mode of operation is
referred to as “programming communication mode”. Pro-
gramming communication mode is used during system
installation to enter user programmable features into the
EPROM 403, or after installation to alter user programmable
features. Programmable features of the security system 300
are discussed below.

The CPU 401 is further connected to a series of input-
output drivers which are collectively labeled as element 409,
The input-output drivers 409 are connected to the input bus
237 to receive signals from the various intrusion detection
devices, e.g., the pin switches 203, 205, and 207, and the
motion detector 209. The input-output drivers 409 are fur-
ther connected to the output bus 239 for transmitting control
signals to various control units, e.g., the relays 225 and 229,
and ignition module 221. Control of the various relays are by
means of one or more relay drivers (not shown). Automotive
relays are typically controlled by a voltage of 12 volts.
However, computer applications, such as the control and
communications unit 201, typically use a voltage of 5.5 volts
to signify a logic high. A logic high at 5.5 volts may be used
to control a relay sensitive to 12 volts by providing the 5.5
volt signal to a relay driver which in turn produces the
required 12 volt signal.

The CPU 401 is further connected to the GPS receiver
219. The CPU 401 polls the GPS receiver 219 to receive
position data. The GPS receiver 219 is connected to the GPS
antenna 220.

The portable computer 249 is optionally connected to a
serial connector 247.

The camera 233 is connected to a digitizer 413 which is
connected to the CPU 401. The digitizer 413 obtains video
signals from the camera 233 and converts these signals from
analog form to a digital representation, which may be
processed by the CPU 401. The digitized signals are trans-
mitted to the CPU 401 from the digitizer 413. The digitized
signals from the digitizer 413 may be compressed by the
CPU 401. The digitized signals are transmitted from the
CPU 401 to the central monitoring station 103 via the
modem 407 and the cellular transceiver unit 213.

The microphone 211c of the cellular telephone handset
211 is connected to an analog-to-digital (AD) converter 415
via the switching network 417. The AD converier 415
converts voice input spoken into the microphone 211c¢ from
analog form into a digital representation which can be
processed by the CPU 401. The digitized representation of
the voice is transmitted to the CPU 401 from the AD
converter 415.

FIG. 4(b) illustrates an alternative embodiment for the
connection of microphone 211 to CPU 401. In the alternative
embodiment of FIG. 4(b), a digital signal processor (DSP)
421 is connected between the CPU 401 and the analog-to-



9

digital converter 415. The DSP 421 is used to execute voice
recognition algorithms to compare a spoken password to a
stored password. For purposes of clarity, additional elements
from FIG. 4(a) are not repeated in FIG. 4(b).

Returning to FIG. 4(a), the CPU 401 is protected from
being caught in an infinite loop by being connected to a
watchdog timer (WDT) 419. The watchdog timer 419 is
connected to the reset pin of the CPU 401. Unless the
watchdog timer 419 is toggled within a specified time
period, the watchdog timer 419 sends a reset signal to the
reset pin of the CPU and thereby caunses the CPU 401 to
reset.

The CPU 401 is also connected to the buzzer 255. By
toggling a value on a control line between the CPU 401 and
the buzzer 255, the buzzer is either sounded or silent.

FIG. § is a block diagram of an alternative embodiment of
a control and communications unit 201' according to the
present invention. The control and communications unit 201'
contains a CPU 401' which is connected to a EPROM 403'
and a RAM 405'. The functions of the EPROM 403' and the
RAM 405’ are similar to the functions of the EPROM 403
and the RAM 405 shown in FIG. 4.

The CPU 401' is connected to a micro controller com-
munications bus 501. The micro controller communications
bus 501 provides for data communication between the CPU
401" and several micro controllers 503, 505, and 507. Each
micro controller 503, 505, 507 is responsible for the input or
control of external devices. To receive input for or to control
an external device, the CPU 401" places an instruction and
an address onto the micro controller communications bus
501. The address is latched into a latch 509 that is also
connected to micro controllers 503, 505, and 507. Each of
the micro controllers 503, 505, and 507 decodes the address
stored in the latch 509. The address is indicative of with
which of the micro controllers 503, 505, and 507 the CPU
401’ seeks communication. Thus, when one of the micro
controllers 503, 505, or 507 detects that the address stored
in the latch 509 corresponds to itself, that micro controller
503, 505, or 507 accepts the data on the micro controller
communications bus 501 and processes that data as a
command or other data.

Micro controller 503 is an analog-to-digital (A/D) micro
controller. The A/D micro controller 503 is connected via an
/O connector 511 to the vehicle battery 234 and to the
backup battery 238. The A/D micro controller 503 is further
connected to an RF link 532, which in turn is connected via
an RJ11 connector 531 to a pager micro controller 533 and
a RF micro controller 535. The pager micro controller 533
is connected to the pager receiver 245 (shown in FIGS. 2 and
3) and the RF receiver 253 (shown in FIGS. 2 and 3). The
A/D micro controller 503 continuously monitors the vehicle
battery 234, the backup battery 238, the RF receiver 253,
and the pager receiver 245. The CPU 401’ periodically polls
the A/D micro controller 503 to determine if input has been
received from the RF receiver 253, the pager receiver 245,
or to determine whether the voltage level of either battery
234 or the backup battery 238 has dropped below a permis-
sible level.

Micro controller 505 is an input and control micro con-
troller. The input and control micro controller 505 is con-
nected to the I/O connector 511 to receive inputs from
various intrusion detection devices, e.g., the pin switches
203, 205, 207, and the motion detector 209.

The micro controller 505 is further connected to two relay
drivers 513a and 513b. The relay drivers 5134 and 513b are
connected via the input/output connector 511 to relays for
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controlling various operations of the vehicle 200, e.g., light
relay 225 (thereby controlling flashing of the lights 227,
227', 227", and 227'"), horn relay 229, and fuel line valve
223. The relay drivers 513a and 513b are connected to the
various relays through the input/output connector 511.

Whereas automotive relays are typically controlled with
12 volts, logic high in computer applications, such as the
control and communications unit 201, is typically approxi-
mately 5.5 volts. The role of the relay drivers 5132 and 513b
is to provide a 12 volt signal upon a logic high output from
the input and control micro controller 505. The input and
control micro controller 505 raises the control signal to logic
high on command from the CPU 401'. Using two relay
drivers is illustrative; a person skilled in the art that one or
more relay drivers may be used to drive the relays.

The micro controller 505 is further connected via the
input/output connector 511 to any digitally controllable
switches, e.g., the electronic ignition module 221.

The CPU 401' is connected to the GPS receiver 219 which
in turn is connected via a GPS antenna connector 529 to the
GPS antenna 220.

Cellular telephone communications is plagued with a lack
of a standard for the communications protocol between
handsets and transceiver units. The control and communi-
cations unit 201 of the present invention is able to commu-
nicate with a cellular telephone handset 211 and transceiver
unit 213 of any manufacture by having an interchangeable
handset specific module 515. The interchangeable module
515 is connected to the micro controller bus 501 through a
connector 517. The connector 517 may be a card edge
connector and the interchangeable module 515 may physi-
cally resemble a Single Inline Memory Module (SIMM).

Micro controller 507 is a phone micro controller and is
located the interchangeable module 515. The phone micro
controller 515 is connected to an EPROM 521. The EPROM
521 is for example an electrically erasable read only
memory (EEPROM). The EPROM 521 is programmed,
when the control and communications unit 201 is installed
into the vehicle 200, with information which is unique to the
owner of the vehicle 200 and the particular cellular tele-
phone transceiver 213 and handset 211. Programmable
features of the control and communications unit 201 are
discussed below.

For each protocol of cellular telephone handset and trans-
ceiver unit communication there is a specific interchange-
able module 515. By exchanging the interchangeable mod-
ule 515, a cellular telephone handset and transceiver of
different manufacture may be connected to the control and
communications unit 201. Thus, the architecture of the
control and communications unit 201 is independent of the
communications protocol used by the telephone handset and
transceiver unit connected thereto.

The interchangeable module 515 is further connected to a
transceiver unit RJ45 connector 523 and to a handset RJ45
connector 525,

The control and communications unit 201 further contains
a modem 407'. Modem 407" performs the same functions as
modem 407 of FIG. 4. The modem is connected to the
interchangeable module 515 through the connector 517.

The interchangeable module 515 further contains a
switching network 417" which is connected, via the connec-
tor 517 to the transceiver unit RJ45 connector 523, the
handset RJ45 connector 525 and the modem 407", and, via
a communications bus 527, to the phone micro controller
507. The transceiver unit 213 is connected to the transceiver
unit RJ45 connector 523 and the handset 211 is connected to
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the handset RJ45 connector 525. The RJ45 connectors 523
and 525 are connected to connector 517, and, thus, commu-
nicate with the interchangeable module 515. The switching
network 417" operates similarly to the switching network
417 of FIG. 4. A difference between switching network 417’
and switching network 417 is that the CPU 401’ controls of
the switching network 417' by sending commands to the
phone micro controller 507.

As an altemative to GPS positioning FM triangulation
may be used. In such an embodiment, reception of FM
station identifying call letters are received on an FM sub-
carrier signal from at least three FM stations. The call letters
of the three FM signals and the direction of the strongest
reception for each FM station are transmitted to the central
monitoring station 103. Using triangulation algorithms, the
central monitoring station 103 is then able to calculate the
position of the vehicle.

FIG. 6 is a block diagram of the equipment in the central
monitoring station 103. The core of the central monitoring
station 103 is a computer system 601. The computer system
601 may be any of a large variety of general purpose
computers, e.g., a multi-user UNIX system. In an alternative
embodiment the computer system may be a number of
networked single user computers, e.g., IBM PC compatible
computers. The operations of the central monitoring station
103 is controlled by software 617 loaded into the memory
(not shown) of the computer system 601.

One or more operator consoles 605 are attached to the
computer system 601. The operator consoles may be either
terminals connected to the computer system 601 or com-
puters in their own right, in which case, each is connected in
a client-server relationship to the computer system 601.

The computer system 601 is further connected to a
database 607. The database 607 is typically stored on a hard
disk and may be a relational database managed by a database
management system such as SQL. The database 607 con-
tains a variety of information about each vehicle monitored
by the central monitoring station 103.

The following is an exemplary list of information stored
in the database 607:

* identifying key (e.g., a unique identifier for each
vehicle)

* Make, model and year model of the vehicle

* license plate number

* Color of the vehicle

* Owner

* Owner’s Address and telephone numbers

* Telephone number for the cellular telephone in the
vehicle

* Voice samples of the owner of the vehicle and other
authorized users

* Photographic image of the owner and other authorized
users

* Last known location, direction and speed of the vehicle.

* Status, e.g., “Intrusion zone violated”, “vehicle left

designated area”, “vehicle

* Special instructions: e.g., “on violation of an intrusion
zone immediately disable the ignition” or “on violation
of an inirusion zone allow vehicle to operate for five
minutes then disable the ignition and disable the power
door locks and power windows™, “owner on vacation,
vehicle should not leave airport parking lot for next two
weeks”.

The CPU 601 is connected to telephone network 603 via
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information pertinent to any vehicle which is in communi-
cation with the central monitoring station 103.

A voice telephone 611 is also connected to the telephone
network 603. An operator of at the central monitoring station
103 uses the voice telephone 611 to talk to the occupants of
a vehicle 200 or to listen for any sounds from within a
vehicle 200, e.g., conversation between its various occu-
pants. Such conversation may be indicative of a carjacking
in progress or other criminal activities.

The computer system 601 is also connected to a voice unit
613 for artificially creating voice output from digitally
stored text. Many operations of the central monitoring
station may be fully automated, but require the interaction
with human beings. For example, when the security system
300 of a vehicle 200 has detected an unpermitted intrusion,
the monitoring station 103 may automatically call the resi-
dence of the owner of the vehicle. This call may be made by
an automated voice. Similarly, certain communication may
be made with the occupants of the vehicle over the cellular
telephone system, e.g., “Please identify yourself”. These
communications may also be partially automated.

The operator console 605 contains a graphic user interface
(GUI) display 615. When a vehicle has contacted the central
monitoring station concerning an alarm situation, a window
containing database information is displayed on the GUI
display 615. Another window displays a street map of the
vicinity of the current location' of the vehicle. Mapping
software in the operator console 605 or in the computer
system 601 allows the operator to display street names on
the map window and to zoom in and out of the map. Maps,
e.g., vector maps are stored either in the database 607 or on
separate CD ROM 621. The maps may be based upon U.S.
Census Bureau Tiger files.

The windowing environment of the GUI display 615
provides control of simultaneous calls from multiple
vehicles. Upon the receipt of a call from a vehicle, the
software 617 resident in the central monitoring station 103
automatically initiates a handshake protocol with the calling
vehicle and automatically begins logging location, direction
and speed data into the database 607. The software 617
displays and tracks the vehicle position in a map window on
GUI display 615, logs the position information to a backup
file 619, and displays the database information on the
vehicle 200.

The software 617 also provides the operator with the
functionality to control the vehicle 200. The operator con-
trols the vehicle 200 by sending control messages to the
security system 300 of the vehicle 200.

The software 617 has the following modes of operation
which are selectable by an operator by way of a menu on the
GUI display 615:

POSITIONING—this is the default mode in which the
central monitoring station 103 tracks the vehicle’s
position and allows command messages to be sent to
the umit.

LISTEN-—when this mode is selected, all MODEM data
is terminated and an operator at the central monitoring
station 103 may listen to noises picked up by the
microphone 21 ¢ of the cellular telephone handset 211.

VOICE—when this mode is selected, all MODEM data is
terminated and the operator may speak with an occu-
pant of the vehicle using the cellular telephone handset
211.

The software 617 provides the following functionality:

* Zoom in or out on a map displayed on the GUI display
615 for better resolution.

* Display all surrounding street names automatically.
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* Display any chosen street name.

* Display the current county and state.

* Display detailed information about the vehicle and its
owner from the database 607.

* Send control messages to the security system 300 of the
vehicle o control operation of the vehicle by switching
relays, etc.

* Read the position, direction, and speed of the vehicle.

* Playback a log file (of past position, direction, and speed
of the vehicle) at high speed.

* Display the police jurisdiction in which the vehicle 200
is currently located.

FIG. 7 is a state transition diagram showing the interac-
tion between security system 300 and the central monitoring
station 103 and the various states of the security system. The
system starts in a power up state, state 701. State 701 is
described in greater detail below in conjunction with FIG.
10(a). An automatic transition is made to the UNARMED
state 703. Two separate paths are possible from the
UNARMED state 703, first, the automatic arming of the
system on certain predefined conditions, e.g., all doors
closed and the ignition off for a specified amount of time,
and, second, the forced arming of the system by the user
entering a code on the handset keypad 2115 or by voice
activation, i.e., by speaking verbal commands through the
handset microphone 211c. Both of these transitions lead to
the ARMED state 705.

There are two transitions possible from the ARMED state
705. First, an event which leads the system into AUDIT
mode, state 707. An example of such an event is the opening
of a door. In AUDIT mode the occupant of the vehicle has
a specified amount of time to disarm the system. Failure to
disarm the system within the specified time period causes an
alarm condition, exemplified in the diagram by a transition
to the ALARM state 709. If the system is disarmed within
the specified audit period, a transition is made back to the
UNARMED state 703.

An alarm condition can also occur directly from the
ARMED state 705. Any violation of an intrusion zone which
is not in the category that leads the system into AUDIT state
707 leads the system in the ALARM state 709,

From either the UNARMED state 703 or the ARMED
state 705, the EMERGENCY state 711 can be entered by the
user entering an emergency code on the cellular telephone
handset keypad 2115 or by speaking a voice command
through the microphone 211c. The EMERGENCY state 711
has an automatic transition to the ALARM state 709, where
“emergency” is one type of alarm condition.

From the ALARM state 709 a call is made to the central
monitoring station to report the event, e.g., an emergency, an
intrusion detection zone violation, a carjacking, or an emer-
gency vehicle request, action state 713. If the central moni-
toring station does not answer the call, state 713 is repeated.
Once the central monitoring station 103 answers the call, the
security system 300 sends the current status (e.g., EMER-
GENCY) and the vehicle’s location (as determined by the
GPS receiver 219) to the central monitoring station 103,
state 715. Next, the central monitoring station 103 receives
the information sent in state 715, and, in turn, logs the status
and location information, state 717.

Next, the central monitoring station 103 attempts to verify
that the occupant is an authorized user of the vehicle 200,
state 719. The verification process may be accomplished
either by accepting a security code which the occupant of the
vehicle 200 enters on the cellular telephone handset 2115, by
accepting voice input from the cellular telephone micro-

15

20

25

30

35

40

45

50

55

60

65

14

phone 21lc, or by observing an image of the occupant
obtained by the camera 233.

If the central monitoring station 103 verifies that the
occupant of the vehicle 200 is an authorized occupant of the
vehicle 200, the central monitoring station 103 causes the
security system to disarm, state 721, and a transition is made
to the UNARMED state, 703.

However, if from state 719 it is determined that the
occupant is not an authorized occupant of the vehicle 200,
or if it is determined that a carjacking is in progress, then the
central monitoring station 103 sends control signals to the
vehicle, state 723, and calls law enforcement officials to
inform them about the crime in progress and the location of
the vehicle, state 725.

The central monitoring station then waits for the alarm
situation to be resolved in some way, state 727, e.g., by the
determination that a false alarm occurred or by the success-
ful recovery of the vehicle 200.

FIGS. 8(a) through 8(;) illustrate the interaction through
the GUI 615 of FIG. 6 in a exemplary session at the central
monitoring station 101. FIG. 8(a) shows the central moni-
toring station awaiting a call from a vehicle 200. The GUI
615 shows a main interaction window 801 and a “waiting”
window 803. The GUI 615 further contains a menu bar 805
containing menus by which the operator may select between
various commands of the central monitoring station 103.

FIG. 8(b) shows the interaction after an alarm event in a
vehicle 200. In particular, the GUI 615 communicates, to the
operator the name and the account number of the owner of
the vehicle 200 that has a triggered alarm, and information
describing the vehicle. Furthermore, the GUI 615 commu-
nicates the location of the vehicle 200 by showing a map
with a dot 805 indicating the position of the vehicle with
respect to the map, and by displaying the name of the nearest
street as well as the name of the state and the county wherein
the vehicle 200 is currently located. The GUI 615 also
displays to the user the current date and time, and the speed
and heading of the vehicle. Furthermore, the GUI 615
indicates what type of alarm condition has occurred and the
telephone of the appropriate law enforcement agency.

FIGS. 8(c) and 8(d) shows two different options of
showing names of streets on the map of the GUI 615. In FIG.
8(c), the name of only one street is shown. However, the user
has pulled down a menu with an option for displaying all
street names. Selecting this option causes the display of FIG.
8(d), in which all street names are shown.

FIG. 8(e) shows a customer information window dis-
played after the selection of the “Customer Info” menu. The
customer information window contains information about
the owner of the vehicle.

FIG. 8(f) shows an interaction in which the operator of the
central monitoring station 103 has pulled down the “control
car” menu. Through the control car menu the operator may
cause the central monitoring station 103 to send commands
to the vehicle 200 to shut off the ignition, to flash the lights,
to unlock the doors, to lock the doors, to sound the alarm, or
to acknowledge the alarm.

FIGS. 8(g) through 8(:) show the zooming in and zooming
out feature of the central monitoring station GUI 615. In
FIG. 8(g) the map window displays a map of a geographic
region that is 2 miles square, in FIG. 8(k) the map is shown
at a scale of 5 miles square, and in FIG. 8(Z) the map is
shown at a scale of 1 mile square.

HIG. 9 s a flow chart of the operations of the software 617
in the central monitoring station 103. FIG. 9(a) shows the
main program of the software 617, which starts at entry
point 900. The software 617 operates on an infinite loop
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basis alternatively checking for input from the vehicles
monitored by the central monitoring station 103, step 901,
and from operator at central monitoring 103, step 903. If an
input has been received from a vehicle 200, a call is made
to a SERVICE-VEHICLE-COMMUNICATION procedure
(described in conjunction with FIG. 9(b)), step 905. If an
input is received from the operator, a call is made to a
SERVICE-OPERATOR-COMMUNICATION  procedure
(described in conjunction with FIG. 9(c)), step 907.

If the user interface is currently executing in POSITION-
ING mode, set from the mode menu (see FIG. 8(b)), as
determined by decision box 908, the vehicle’s current posi-
tion is displayed on the map on the GUI 6185, step 910.

The main program of the central monitoring station
software 617 is an infinite loop. Thus, after any of steps 905,
907, 910, and the NO branch from decision box 908, control
is returned to the beginning of the program, at decision box
901.

FIG. 9(b) is a flowchart showing the operation of the
SERVICE-VEHICLE-COMMUNICATION procedure,
entry point of which is 909. The first step of the procedure
is to log the position of the vehicle into a log file in the
backup file 619, step 911. Next, the SERVICE-VEHICLE-
COMMUNICATION procedure displays a map of the vicin-
ity of the location of the vehicle, the location of the vehicle,
owner information, and vehicle data, onto the GUI 615, as
shown in FIG. 8(b), step 915. Finally, the SERVICE-VE-
HICLE-COMMUNICATION procedure returns control to
the calling program, step 917.

FIG. 9(c) is a flowchart showing the operation of the
SERVICE-OPERATOR-ACTION procedure which com-
mences at entry point 919. The flow of control through the
SERVICE-OPERATOR-ACTION procedure is controlled
by a branch selection statement 921. The branch selection
statement 921 selects a branch of the SERVICE-OPERA-
TOR-ACTION procedure based on what type of action the
operator has selected. There is one branch for each action
and the branches shown in FIG. 9(c) should be considered
as illustrative examples rather than as an exhaustive list. The
first branch is the “mode change” branch 923, which in turn
is a branch selection between the “positioning” branch 925,
the “listening” branch 927, and the “voice” branch 929.

The first step of the “positioning” branch 925 is to enable
a data link between the central monitoring station 103 and
the vehicle 200 which has called in an alarm, step 931. On
start up the data link is enabled so that an alarm condition
can be communicated from the vehicle 200 to the central
monitoring station 103. However, subsequent mode changes
(into VOICE or LISTEN modes) disable the data link. Next,
the modem 609 is polled for position data from the vehicle
200, step 933.

The first step of the “listen” branch 927 is to disable the
data link, step 935. Next, the speaker of the telephone 611
is turned on so that the operator can listen to any sounds
made inside the vehicle 200.

The first step of the “voice” branch 929 is to disable the
data link, step 939. Next, both the speaker and the micro-
phone of the telephone 611 are turned on so that the operator
can both speak and listen to the vehicle, step 941. When the
operator has selected to display customer info, branch 943,
the information about the owner of the vehicle is displayed
in a GUI 615 window as shown in FIG. 8(e), step 945. One
piece of information displayed is the identification code
associated with the owner of the vehicle. The operator of the
central monitoring station 103 may use the “voice” mode to
verify that the occupant of the vehicle 200 knows the
password.
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If the operator has selected the “position” menu item,
branch 947, the longitude and latitude of the vehicle’s
current position is displayed, as is shown in FIG. 8(g), step
949.

If the operator has selected to control some function of the
car by pulling down the “control car” menu, branch 951, that
menu is displayed, as shown in FIG. 8(f), and a selection is
accepted, step 953 and the appropriate command is sent to
the vehicle 200, step 955.

If the operator has selected to zoom in or out of the map,
branch 957, the scale of the map is increased or decreased
as requested, step 959.

If the operator has selected to page the security system
300 of a particular vehicle 200, branch 967, the computer
601 causes the modem 609 to dial a pager telephone number,
step 969. All vehicles monitored by the monitoring station
103 receive data on the same telephone number. Next, an
identifying code, unique to the particular vehicle being
paged, is transmitted via the telephone system, step 971.
Every vehicle is assigned a unique code. Only the vehicle
with a code matching the code transmitted responds to the
page. Following the transmission of the vehicle identifying
code, a command is sent to the vehicle, step 973.

If the operator has selected to exit the program, branch
961, the program is shutdown, step 963.

For all branches other than the exit branch 961, after the
execution of all steps of the branch, control is returned to the
calling program, 965.

FIG. 10(a) through FIG. 10(0) are flow charts of the
operation of the equipment of the vehicle portion of the
security system 300 according to the present invention. The
software of the security system 300 is described below in the
context of the embodiment of the control and communica-
tions unit 201, shown in FIG. 4(a). The software is largely
identical for the embodiment of the control and communi-
cations unit 201', shown in FIG. 5. In the embodiment of the
control and communications unit 201' certain portions of the
software are stored in the EPROM 521 of the interchange-
able module 515 and, are executed by the phone micropro-
cessor 507. Furthermore, the polling of external devices and
actual control of relays are executed by micro controllers
503 and 505. Any deviations in the software for the embodi-
ment of the control and communications unit 201' from the
described software for the control and communications unit
201 are described below.

The software in the security system 300 is stored in the
EPROM 403 and in the RAM 405. The software of the
security system 300 controls the alarm system and certain
operational functions of the vehicle. Furthermore, the soft-
ware controls the communication with the central monitor-
ing station 103.

The software of the security system supports unlimited
user input through the keypad 2115 of the cellular telephone
handset 211, acknowledges input and conditions on the
handset display 211a, and automatically communicates with
the central monitoring station 103 in the event of an intru-
sion zone violation.

The software of the security system has five internal
modes of operation:

UNARMED—When the security system 300 has been
placed in the UNARMED state by user input on the
handset, it ignores intrusion zone violations. While in
the UNARMED state, the security system 300 attempts
to meet a set of predetermined conditions which will
allow it to automatically enter the ARMED state (e.g.,
all doors closed and ignition off for more than a preset
period of time (e.g., one minute)). The ARMING state
can also entered by user input.
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ARMING—The ARMING state is a transient state of
predetermined duration (e.g., 30 seconds) used to sig-
nal the user that the security system 300 is arming
itself. The user can abort the ARMING state and return
to the UNARMED state by input on the handset. Unless
the user aborts the ARMING state the security system
300 enters the ARMED state after the predetermined
time period. '

ARMED—When the security system 300 is in the
ARMED state the security system 300 actively moni-
tors all preset alarm conditions (e.g., violation of any
intrusion zone such as doors, windows, or motion
detection—such as movement of GPS position) and
continuously records the vehicle’s position in the RAM
405. When an alarm occurs (except for an intrusion
zone violation which leads to the AUDIT state—e.g.,
the opening of a door), a call is placed to the monitoring
station 103 to report the alarm.

AUDIT—Certain intrusion zone violations (e.g., opening
of a door) causes the security system 300 to enter into
the AUDIT mode. The AUDIT mode permits the user
a time window of preset duration (e.g., 30 seconds) to
disarm the security system 300. Disarm is accom-
plished by entering a security code on the keypad 211b.
In the alternative embodiment having voice recognition
capabilities, the disarming of the security system 300 is
accomplished by speaking the security code into the
microphone 211c. After the predetermined time period
has elapsed a call is placed to the monitoring station
103 to report the intrusion zone violation.

EMERGENCY—At any time (i.e., regardless of which
mode the security system 300 is in) an occupant of the
vehicle can force the security system 300 into an
EMERGENCY calling mode. The EMERGENCY call-
ing mode is entered by entering commands on the
keypad 2115 of the cellular telephone handset 211. In
the EMERGENCY mode, a call is made to the central
monitoring station 103 to report the emergency.

The mode in which the security system 300 is operating
is stored in a data location named ARMED state in the RAM
405.

The software of the security system 300 provides the
following functionality:

* Allows user input through the keypad 2115 and the

microphone 211c of the handset 211.

* Acknowledges user input on the handset display 211a.

* Supports the five modes of operation described above.

* Accepts commands from the monitoring station 103
allowing the monitoring station 103 to control relays
controlling operational aspects of the vehicle 200 and
allowing the monitoring station to display messages on
the display 211a of the cellular telephone handset 211.

* Logs the status of the vehicle 200 is the RAM 405 so
that lapses in communication with the central monitor-
ing station 103 do not cause the loss of the data.

* If there is a break of communication between the vehicle
200 and the central monitoring station 103, the unit
continually places calls until a communication link is
reestablished.

* Supports a voice mode, in which an operator at the
central monitoring station 103 can use the cellular
telephone system to communicate with the occupant of
the vehicle 200 using the handset 211. During the voice
mode, the modem communication is shut off and direct
communication is established between the handset 211
and the transceiver unit 213.
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* Automatically arms the security system 300 when user
specified conditions are met. The security system 300
supports two alarm triggering modes: “normal” and
“carjacking”. In normal triggering mode, an alarm
situation arises when an intrusion detection device is
triggered while the ignition of the vehicle is turned off.
In carjacking mode, an alarm situation occurs when an
intrusion detection device is triggered while the igni-
tion is on. If all intrusion protection devices are closed
and the ignition is turned off for a preprogrammed
period of time, the system 300 automatically arms itself
into normal triggering mode. On the other hand, if all
intrusion protection devices are closed and the ignition
is turned on for a preprogrammed period of time, the
system 300 automatically arms itself into carjacking
triggering mode.

* Triggers an alarm based on GPS position. (e.g., the car
has moved outside a specified range).

* Sends raw GPS data to a connection for a portable
computer.

* Supports a remote data link for commands (i.e., arm/
disarm). The remote data link allows the central moni-
toring station 103 to send commands to the vehicle via
a paging network.

FIG. 10(a) is a flow chart of the start up procedure for the
security system software. The start up procedure is executed
when the security system 300 is powered up or when a
RESET signal has been detected. RESET is a signal pro-
vided to a pin of the CPU 401.

The first step of the start up procedure, step 1001 is to
determine whether the start up was requested as a normal
power up or due to a trap condition. Trap conditions are due
to some form of error occurrence.

If a trap condition has been detected, decision box 1003,
the relays are slowly cycled and the CPU 401 is HALTed and
RESET, step 1005. Cycling of the relays, which causes the
flashing of lights, etc., is indicative of a problem in the
security system 300; other problem indicators may be used.
If a normal start has occurred (e.g., not a trap, decision box
1003), step 1007 is executed. In step 1007, Wait states are
set, the CPU’s 401 stack pointer is set, RAM refresh is
disabled, and DMA (direct memory access) requests are
disabled. The substeps of step 1007 are executed to initialize
the processor so that the SETUP procedure may execute.

After step 1007 a call is made to the SETUP procedure,
step 1009. The SETUP procedure is described below in
conjunction with FIG. 10(b).

After the SETUP procedure has been executed, step 1011
is executed. Step 1011 contains the substeps of setting up
Bank switching, clearing the RAM 405, initializing the
RAM 405 from contents of the EPROM 403, and setting up
a “C” Memory Allocator.

Following step 1011 the main program is invoked, step
1013. The main program is discussed below in conjunction
with FIG. 10(c).

FIG. 10(b) is a flow chart showing the operation of the
SETUP procedure. The SETUP procedure is invoked from
the START up procedure (FIG. 10(a)). The first step 1017 of
the SETUP procedure is to initialize the CPU 401 and to
initialize any support chips, e.g., the modem 407. Next the
RAM 405 is tested, decision box 1019. If the RAM 405 is
determined to be faulty, an error condition is entered, e.g.,
the relays are constantly cycled, step 1021. If the test
indicates that the RAM 405 is not faulty, the SETUP
procedure is completed and control is returned to the calling
program, step 1023.

FIG. 10(c) is a flowchart showing the operation of the
MAIN program of the security system software. The entry
























