
(19) United States 
US 2005O130670A1 

(12) Patent Application Publication (10) Pub. No.: US 2005/0130670 A1 
Gould et al. (43) Pub. Date: Jun. 16, 2005 

(54) SYSTEMS AND METHODS FOR 
DISTRIBUTED PROCESSING OF LOCATION 
INFORMATIONASSOCATED WITH 
EMERGENCY 911 WIRELESS 
TRANSMISSIONS 

(76) Inventors: Lawrence A. Gould, Aventura, FL 
(US); John A. Stangle, Forest Hill, MD 
(US) 

Correspondence Address: 
Law Offices of John Chupa & Associates, P.C. 
28535 Orchard Lake, Suite 50, 
Farmington Hills, MI 48334 (US) 

(21) 10/983,811 

(22) 

Appl. No.: 

Filed: Nov. 8, 2004 

Related U.S. Application Data 

(62) 
15, 2001. 

2 

R.Antenna Wireless Tra 

OEs Server 

DB Seiwer 

Division of application No. 09/929,969, filed on Aug. 

(60) Provisional application No. 60/276,120, filed on Mar. 
16, 2001. Provisional application No. 60/276,123, 
filed on Mar. 16, 2001. 

Publication Classification 

Int. Cl. .................................................. H04Q 7/20 
U.S. Cl. .............. 455/4.56.1; 340/539.13; 455/404.2 

(51) 
(52) 

(57) ABSTRACT 

The present invention relates to Systems and methods to 
locate and recover objects equipped with tracking devices by 
determining the location information of the object. The 
system employs multiple radio direction finding (RDF) 
devices, which is capable of determining the angle of arrival 
of a radio signal. The MSC Sends a request along with radio 
information to a location processor, which controls the RDF 
devices. The System also employs a theft detection device, 
which is capable of placing a wireleSS telephone call to a 
monitoring center. The theft detection device connects to 
and receives instructions from the monitoring center, which 
retrieves the instructions from a primary database Server. If 
the primary database Server is unavailable, the request for 
information is sent to a Secondary database Server. 
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S-Source of E911 call 

DEFINITIONS 

d is the perpendicular distance from Source, S, to the vector, V, connecting Ti and T. 
D is the derived distance from Sto.T. - 
V is the length of the vector from T to T. 
vi is the distance from T to di 
t is the angle from Stott: . . . . - - - - 
ti is the angle at T from the vector, V, to a line representing the Latitude of Ti 
tiis the angle from S to T. 
V is the sum of v and v. 

v = V (tangent t) (tangent ti)+(tangent t) ---. Fakrit 
Z 

Source Longitude : T Longitude + D cos (t + to) - - - Eifm 4. 

: G 5. 
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SYSTEMS AND METHODS FOR DISTRIBUTED 
PROCESSING OF LOCATION INFORMATION 

ASSOCATED WITH EMERGENCY 911 WIRELESS 
TRANSMISSIONS 

RELATED APPLICATION 

0001. This application is a continuation-in-part of the 
U.S. patent application Ser. No. , Method for Detect 
ing, Computing and Disseminating Location Information 
Associated with Emergency 911 Wireless Transmissions, 
filed on Aug. 10, 2001 (attorney docket number 48473/ 
262367, applicants being Lawrence A. Gould and John A. 
Stangle), which is incorporated herein by reference, and also 
a continuation-in-part of the U.S. patent application Ser. No. 

, Method for Employing Location Information ASSO 
ciated with Emergency 911 Wireless Transmissions for 
Complementary and Supplementary Purposes, filed on Aug. 
10, 2001 (attorney docket number 48473/262368, applicants 
being Lawrence A. Gould and John A. Stangle), which is 
incorporated herein by reference. This application also 
claims priority to the U.S. Provisional Application No. 
60/276,120, Method for Determining, Computing and Dis 
Seminating Location Information ASSociated with Emer 
gency 911 Wireless Transmissions, filed on Mar. 16, 2001, 
and the U.S. Provisional Application Ser. No. 60/276,123, 
Method for Employing Location Information Associated 
with Emergency 911 Wireless Transmissions for Supple 
mentary and Complementary Purposes, filed on Mar. 16, 
2001. All referenced provisional applications are herein 
incorporated by reference. 

TECHNICAL FIELD 

0002 This invention is related to the field of telecom 
munications, particularly to radiotelephony, and more par 
ticularly to distributed processing of requests from a radio 
telephone. 

BACKGROUND OF THE INVENTION 

0003. There are several obstacles to minimize damages 
caused by vehicle theft, and among them is the quick 
recovery. The recovery of a Stolen vehicle hinges on early 
notification about the theft and quick localization of the 
vehicle. Currently, many theft prevention and recovery 
Systems are available for consumers, but most of them either 
do not address the problems above Simultaneously or are 
expensive for most car owners. 
0004. A typical automobile theft prevention device 
includes Sensors disposed around a vehicle that detect des 
ignated events. These designated events typically include 
unauthorized entry, excessive movement of the vehicle, 
unauthorized attempts to Start the vehicle, and unauthorized 
attempts to remove one or more components located within 
the vehicle. Unauthorized entry events typically include the 
opening of the hood, the opening of the trunk, and the 
opening of the vehicle's doors. One or more motion Sensor 
is typically used to determine whether there is Sufficient 
movement of the vehicle So as to indicate a possible theft. 
This provides a triggering of the alarm when there is an 
attempt to tow the vehicle or place the vehicle on a car 
carrier. Unauthorized attempts to start the car also indicate 
possible vehicle theft. In addition, attempts to remove a 
component Such as a Stereo or a CD player also may indicate 
a possible theft. 
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0005. Upon occurrence of an unauthorized event, the 
alarm triggerS as an attempt to Scare the thief off. However, 
the owner is not notified, unless the owner is nearby and able 
to hear the alarm. When the owner realizes the vehicle is 
Stolen, often the vehicle is miles away and the owner is 
powerleSS to do anything. 

0006 Some inventions have been made to allow vehicle 
owners to remotely shut down vehicles after they have been 
Stolen. A System that provides this capability through wire 
less transmission technology is described in U.S. Pat. No. 
5,276,728, Remotely Activated Automobile Disabling Sys 
tem, to Pagiliaroli (Jan. 4, 1994), which is hereto incorpo 
rated by reference. However, Pagiliaroli's system does not 
provide any indication about the location of a Stolen vehicle 
after it has been disabled. 

0007 Once the vehicle is stolen, the recovery is not easy, 
unless it can be located rapidly. There are few devices that 
aid vehicle recovery, and a well known one is LOJACKTM. 
LOJACKTM is a relative expensive system that provides 
after-the-fact retrieval System. The System requires local law 
enforcement agencies to be equipped with a special tracking 
system besides an individual device to be installed on 
vehicles. The device is always in a receiving mode and it is 
triggered by a radio signal. After the System is triggered, it 
emits a radio signal, which has a ground range of only a few 
miles, that allows law enforcement perSonnel to track its 
location and ultimately to locate the vehicle. 
0008 Another well-known system is OnStarTM, which 
uses Global Positioning System for locating a vehicle and 
wireleSS telephone network for communicating with its 
occupants. Global Positioning System (GPS) satellite tech 
nology works by measuring how long it takes a radio signal 
from a Satellite to reach a vehicle, and then calculating 
distance using that time. Radio waves travel at the Speed of 
light, which is 186,000 miles per second. GPS satellites are 
launched into very precise orbits and are constantly moni 
tored by the Department of Defense to measure their alti 
tude, position, and speed. Both the satellite and the GPS 
receiver in the vehicle are generating the same signal, called 
a pseudo-random code. OnStarTM can calculate the time by 
comparing how late the Satellite's pseudo-random code is 
compared to the receiver's. That time difference is then 
multiplied by 186,000 miles per second, giving a vehicle's 
distance from one Satellite. To get the most accurate vehicle 
location, OnStarTM uses the measurement from four satel 
lites. 

0009. The aforementioned systems either require special 
Support from local law enforcement authorities to locate the 
Stolen vehicles or require the vehicles to be equipped with 
expensive GPS tracking equipment for determining their 
locations. 

SUMMARY OF THE INVENTION 

0010 Briefly described, the present invention is a system 
and method that provide fault tolerant capability to Stolen 
vehicles recovery and emergency roadside assistance SyS 
tems, where these Systems employ wireleSS telecommuni 
cation technology and location information of a wireleSS 
device to locate and recover Stolen vehicles or valuable 
objects. According to the present invention, a vehicle is 
equipped with an anti-theft device capable of making wire 
less calls to a monitoring center. There multiple monitoring 
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centers distributed geographically and each monitoring cen 
ter is capable of locating the vehicle, which is within the 
geographical region of the monitoring center, through a 
wireleSS network configured with multiple radio-direction 
finding (RDF) devices in multiple wireless transmission 
antenna Sites, one RDF device per each transmission 
antenna Site. The RDF devices are connected to a location 
processor, where the position calculations are performed. 
The location processor is in communication with a Mobile 
Switching Center (MSC) that is handling the communica 
tion with the radiotelephone. The monitoring center is also 
capable of Sending Special commands to the anti-theft device 
for shutting down or otherwise immobilizing the vehicle. 
0.011 Each monitoring center is connected through a data 
network, Such as the Internet, to a database Server. There is 
a plurality of database Servers distributed geographically, 
and each database Server Supports multiple monitoring cen 
ters. A database Server is designated as the primary database 
Server for a set of monitoring centers, while Serving as a 
Secondary database Server for the rest of monitoring centers. 
A monitoring center obtains Subscriber information and 
prescribed actions for a given Subscriber from its primary 
database Server. 

0012. A vehicle owner may purchase a theft detection 
device and corresponding theft monitoring Service from a 
theft monitoring service provider. The theft detection device 
can be any commercially available theft detection device 
capable of connecting to a theft monitoring center through a 
wireleSS telephone network. The vehicle owner can prede 
termine actions to be taken upon occurrence of certain 
events and the prescribed actions are Stored in a database 
accessible by the theft monitoring center. 
0013 The theft detection device may be programmed to 
place a call to the theft monitoring center upon occurrence 
of Some specified events. A specified event may be the 
pressing of the panic button, activation of an air bag, 
unauthorized use of the vehicle, etc. The theft detection 
device Serves as a tracking device while it is in communi 
cation with the monitoring center. 
0.014. The theft monitoring center may also initiate a call 
to a theft detection device installed on a vehicle after 
receiving a call from its owner. An owner, upon realizing his 
automobile has been Stolen, can place a call to a theft 
monitoring center to report the stolen vehicle. The theft 
monitoring center will then place a call to the Stolen vehicle 
and at the same time request that the position of the Stolen 
vehicle be determined. 

0.015 Typically, the call and the request are routed 
through a Public Switched Telephone Network (PSTN) to a 
Mobile Switching Center (MSC), and the MSC routes the 
call to the theft detection device installed on the stolen 
vehicle. After the call is answered by the theft detection 
device and the connection established between the theft 
detection device and a base station (BS) of a wireless 
telephone network, the MSC forwards the location request 
to a location processor along with radio signal information. 
0016. The location processor is a processor that controls 
a plurality of RDF devices and determines the location of a 
radio signal's Source. The location processor obtains the 
radio signals information (frequency, time slot, channel, 
etc.) from the MSC and sends this information to the RDF 
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devices. Each RDF device attempts to determine the angle 
of arrival of radio signals relative to the position of the RDF 
device. Preferably, two or more RDF devices can determine 
the angles of arrival. This information is Sent to the location 
processor. 

0017. The location processor uses the angle of arrival 
information and the information on the location of RDF 
devices to calculate the geographical coordinates of the 
Source of the radio signal. The geographical coordinates 
calculated are then used to determine the Street address of 
the caller. 

0018) If more than two RDF devices detect the radio 
Signal, the location processor will determine Several pairs of 
geographical coordinates by pairing RDF devices differ 
ently. Using these pairs of geographical coordinates, the 
location processor will determine the location of the Source 
of the radio signal. 

0019. If only one RDF device detects the radio signal, 
then the angle of arrival is provided to the MSC and the 
location processor does not calculate the location of the 
radio signal's Source. 

0020. After the street address is determined, the location 
processor Sends it to the theft monitoring center. The theft 
monitoring center can then take appropriate action Such as 
requesting police assistance, Shutting down the vehicle, etc. 

0021. The monitoring center takes action by following a 
list of actions prescribed by a subscriber. The list of pre 
Scribed actions is Stored in a database Server that is acces 
Sible through a data network. Typically, there is multiple 
database Servers geographically distributed to Serve a wide 
region. Each monitoring center is assigned a primary data 
base Server and other database ServerS Serve as Secondary 
database Servers for this monitoring center. The Secondary 
database Servers are used when the primary database Server 
is not available. 

DESCRIPTION OF THE DRAWINGS 

0022. The foregoing and other aspects and advantages of 
the invention described herein will be better understood 
from the following detailed description of one or more 
preferred embodiments of the invention with reference to the 
drawings in which: 

0023 FIG. 1 depicts architecture of a wireless commu 
nication network. 

0024 
antenna. 

FIG.2 depicts a RDF device installed on a wireless 

0025 FIG. 3 is a block diagram for a location calculation 
proceSS. 

0026 FIG. 4 is a block diagram for a triangulation 
calculation process. 

0027 FIG. 5 is an illustration of the triangulation 
method. 

0028) 
proceSS. 

0029) 
proceSS. 

FIG. 6 is a block diagram for a user initiated 

FIG. 7 is a block diagram for a device initiated 
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0030) 
proceSS. 

0.031 FIG. 9 is a block diagram for a shut down proce 
dure executed by a theft detection device. 
0.032 FIG. 10 is a block diagram for requesting infor 
mation from a database Server. 

0033) 
SCWCS. 

FIG. 8 is a block diagram for a monitoring center 

FIG. 11 is a block diagram for updating database 

DETAIL DESCRIPTION OF THE INVENTION 

0034) Referring now in greater detail to the drawings, in 
which like numerals represent like components throughout 
several views, FIG. 1 depicts architecture of a wireless 
communication network 10 that Support the present inven 
tion. The wireless communication network 10 has a plurality 
of communication antennas 12, also known as wireleSS 
transmission antennas, connected to a base Station (BS) 14. 
The wireleSS transmission antennas 12 are distributed geo 
graphically to cover a wide area, and each antenna 12 
typically covers a “cell.” ABS 14 may support one or more 
transmission antennas 12 and are in communication with a 
MSC 16. A MSC 16 may support several BS"14. 
0035. The wireless telephone network 10 may employ 
different technologies, such as CDMA (code division mul 
tiple access), TDMA (time division multiple access), GSM 
(Global System for Mobile Communications), FDMA (fre 
quency division multiplex access), etc. Each technology 
may use a different protocol and method for communication 
between a radiotelephone 22 embedded in a theft detection 
device on a vehicle and a wireless transmission antenna 12. 

0.036 The MSC 16 performs call-processing function for 
the wireless communication system 10. The MSC 16 routes 
a call from a mobile device or a radiotelephone 22 to its 
destination. The call routing may be through a Public 
Switched Telephone Network (PSTN) 18. If a theft detection 
device automatically dials a telephone number for the moni 
toring center 20 through the embedded radiotelephone 22, a 
transmission antenna 12 receives the call and forwards to a 
BS and the MSC 16. The MSC 16 routes the call through the 
PSTN to the monitoring center 20, where the call will be 
answered. 

0037. There is one monitoring center 20 per each geo 
graphic region and there may be multiple monitoring centers 
20 to cover a State or a country. A user in Atlanta may be 
supported by a monitoring center 20 that is different from the 
monitoring center 20 Supporting Miami. 
0.038 Each monitoring center 20 is supported by a data 
base server 28, where it obtains instructions. Each database 
Server 28 may Support multiple monitoring centers. In one 
embodiment, there may be four database servers 28 located 
in four different cities, Such as Atlanta, New York, Chicago, 
and Los Angeles. Each database Server 28 acts as the 
primary database Server for one Set of monitoring centers 20 
and as the Secondary database Server for other monitoring 
centers 20. If a monitoring center 20 requests information 
from its primary database Server 28 and its primary database 
server 28 is down or out of service, the request is routed to 
a Secondary database Server 28. 
0.039 The database servers are interconnected through a 
data network 26. The network 26 may be, or may include as 
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a Segment, any one or more of, for instance, the Internet, an 
intranet, a LAN (Local Area Network), WAN (Wide Area 
Network) or MAN (Metropolitan Area Network), a frame 
relay connection, Advanced Intelligent Network (AIN) con 
nection, a synchronous optical network (SONET) connec 
tion, a digital T1, T3, or E1 line, Digital Data Service (DDS) 
connection, DSL (Digital Subscriber Line) connection, an 
Ethernet connection, ISDN (Integrated Services Digital Net 
work) line, a dial-up port such as a V.90, V.34 or V.34bis 
analog modem connection, a cable modem, an ATM (ASyn 
chronous Transfer Mode) connection, FDDI (Fiber Distrib 
uted Data Networks) or CDDI (Cooper Distributed Data 
Interface) connections, WAP (Wireless Application Proto 
col), GPRS (General Packet Radio Service), GSM (Global 
System for Mobile Communication) or CDMA (Code Divi 
sion Multiple Access) radio frequency links, RS-232 serial 
connections, IEEE-1394 (Firewire) connections, USB (Uni 
versal Serial Bus) connections or other wired or wireless, 
digital or analog interfaces or connections. 
0040. A subscriber can also report a vehicle theft by using 
a telephone 24 connected to a PSTN 18. After receiving the 
call, the monitoring center 20 may initiate a call to the theft 
detection device and to get the vehicle's location. 
0041) Typically, the monitoring center 20 needs to know 
the location of the call in order to dispatch emergency 
Service perSonnel to the location, if needed. The location 
information may be provided by the wireleSS communica 
tion network 10 that is equipped with location finding 
devices. 

0042 ARDF device installed on a wireless transmission 
antenna 12 can provide information about the angle of 
arrival of a radio Signal. The present invention employs a 
commercially available RDF device, which functionality is 
explained by the U.S. Pat. No. 4,263,597, Nondisruptive 
ADF System, to Bentley (Apr. 21, 1981) and U.S. Pat. No. 
4,317,120, Sector Scan ADF System, to Bentley (Feb. 23, 
1982). Both aforementioned patents are hereto incorporated 
by reference. An example of such RDF device is a LF/HF/ 
VHF/UHF/MW Direction Finder from TechComm. 

0043 FIG. 2 is an illustration of a RDF device 30 
installed on a wireleSS transmission antenna 12. Generally, 
one RDF device 30 is installed to one wireless transmission 
antenna 12. ARDF device 30 typically has a set of antennas 
32 connected to a receiver 34 and controlled by a RDF 
processor 36. The RDF device 30 tries to determine the 
angle of arrival of a radio Signal by Sequentially Sampling 
the radio Signals through each of the antennas 32 attached to 
the receiver 34. The receiver 34 demodulates the signal 
received before sending them to the RDF processor 36 for 
processing. The RDF processor 36 processes the Signal 
received and attempts to determine the angle of arrival of the 
signal received. The RDF processor 36 controls the sam 
pling of radio signals by the antennas 32 and determines 
which radio frequency, charnel, or time slots to Sample. 
0044) In an alternate embodiment, the receiver 34 and the 
RDF processor 36 may be enclosed in one physical unit, i.e., 
the receiver 34 and the RDF processor 36 may be different 
circuits of a single RDF device. In yet another embodiment, 
the functions of receiver 34 and the RDF processor 36 may 
be implemented through software in the RDF device. 
0045 Generally, the RDF processor 36 is in communi 
cation with a location processor 38. The location processor 
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38 preferably is connected to and receives information from 
multiple RDF devices 30. The location processor 38 is also 
connected to a MSC 16. The location processor 38 receives 
radio Signal information, Such as radio frequency used, time 
slot, the radiotelephone's mobile identification number 
(MIN) and electronic serial number (ESN), etc., about the 
emergency call from the MSC 16. 
0046) The radio signal information received from the 
MSC 16 is dependent on the technology used to implement 
the wireless network 10. For example, the radio signal 
information for a CDMA based wireless network is different 
for a TDMA based wireless network. A GSM based wireless 
network uses yet another different radio signal information. 
0047 The location processor 38 transmits the radio signal 
information to multiple RDF devices 30, so each RDF 
device 30 can attempt to track this radio Signal. It is 
preferred if the radio Signal from an emergency call can be 
tracked by more than one RDF device 30. Each RDF device 
30 provides a unique angle of arrival information, which 
when combined with the information from other RDF 
devices 30 allows calculation of the physical location of the 
transmitting device. 
0.048 FIG. 3 is a block diagram of a location calculation 
process 40 performed by a location processor 38. The 
proceSS Starts when the location processor 38 receives from 
a MSC 16 information about the radio signal of a wireless 
call, block 42. The location processor 38 sends this infor 
mation to RDF devices 30 and requests the RDF devices to 
scan for the radio signal of this call, block 43. Each RDF 
device 30 Scans for the radio signal and attempts to deter 
mine the angle of arrival of the radio signal. After deter 
mining the angle of arrival, the RDF devices 30 send this 
information to a location processor 38. 
0049. When a location processor 38 receives information, 

it checks whether the information is from more than two 
RDF devices 30, block 44, i.e., whether the radio signal has 
been “tracked” or “detected” by two or more RDF devices 
30. If more than two RDF devices 30 receive the radio 
signal, they are paired and indexed, block 46. The RDF 
devices 30 are paired because the calculation process, which 
uses a triangulation method, requires information from two 
RDF devices 30. The RDF devices 30 are paired between 
them in such a way that three RDF devices 30, A, B, and C 
will yield to three pairs of RDF devices 30, AB,BC, and AC. 
0050. After the RDF devices 30 are paired and indexed, 
the location processor 38 Selects one pair for calculation, 
block 50. The geographical parameters of each RFD device, 
which is the same as the location of the wireleSS transmis 
Sion antenna Site, are Stored in a database accessible to the 
location processor 38. The geographical parameters include, 
but not limited to longitude and latitude of each antenna Site 
and the distance between the antenna Sites. The geographical 
parameters are used for the triangulation calculation, block 
52. 

0051. After the calculation, the result is stored, block 54, 
and the location processor 38 checks whether there are more 
RDF device pairs to be calculated, block 56. If there are 
additional pairs, then blocks 50, 52, and 54 are repeated until 
all pairs are used for the calculation. The result of the 
triangulation calculation is a pair of geographical coordi 
nates of the Source of the radio signal, i.e., the Sources 
longitude and latitude. 
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0052. After all pairs have been used for the calculation 
and all results Stored, the location processor 38 proceeds to 
determine the “best fit of geographical coordinates, block 
58. The best fit of geographical coordinates may be deter 
mined by a simple average of coordinates or by a weighted 
average taking into account any obvious anomalies in loca 
tion information. If-one coordinate is far afield from the 
others, it may be caused by malfunctioning of an equipment, 
data contamination, etc., and this should be considered and 
compensated. Other Statistical-models may also be used to 
determine the best fit. 

0053. The best fit is recorded, presumed to be accurate, 
and used to determine the street address. The best fit of 
geographical latitude and longitude is translated into Street 
or highway addresses that are meaningful to emergency 
service personnel, block 60. This translation may be per 
formed employing commercially available Software and 
database, Such as MAPINFO. 
0054 Finally, the street address is transmitted back to the 
monitoring center, block 62, together with other information 
asSociated with this call. The information may be encrypted 
before the transmission to prevent interception and interfer 
ence by others. 
0055 Back to block 44, if the information on radio signal 
is not received by more than two RDF devices 30, it is 
checked whether only one RDF device 30 receives the 
information, block 64. If only one RDF device 30 receives 
the information, then the triangulation method cannot be 
used and the location of the origin of the radio signal cannot 
be determined accurately. 
0056. If two RDF devices 30 receive the information, 
then the triangulation method applies only to this pair of 
RDF devices 30, block 68. The result of the triangulation 
calculation is used to determine the street address, block 60, 
and the Street address is transmitted to the monitoring center, 
block 62. 

0057 FIG. 4 illustrates the triangulation calculation pro 
ceSS 80. The process Starts when the geographical param 
eters and the WireleSS call information are received, block 
82. The triangulation process calculates the angle between 
the wireless call source and the RDF device 30, block 84. A 
check is made to determine whether the angle calculated is 
less than one degree, block 86. If the angle is less than one 
degree, it means that the Source of the wireleSS call lies on 
the line between two RDF devices 30 and the triangulation 
method will not give accurate results. If the angle is one 
degree or more, then the location processor 38 can determine 
the distance from one RDF device 30 to the wireless call 
Source, block 88. Using the distance between one RDF 
device 30 and the wireleSS call Source, the location processor 
38 can determine the geographical coordinates for the wire 
less call source, block 90. 
0.058 FIG. 5 illustrates the triangulation method. The 
triangulation method assumes that the position of two points 
and the distance between them are known. The angular 
information about the third point is also known. The angular 
information is derived from the angle of arrival information 
provided by each RDF device. 
0059) Equation 1 uses the distance between the two RDF 
devices, which are represented by the wireleSS transmission 
antennas/towers (T1 and T2), and the angular information 
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from two RDF devices to calculate distance V1, which is the 
distance from a first RDF device to point d1. d1 is a point 
demarked by a perpendicular line between the wireleSS call 
Source and the line connecting the two RDF devices 30. 
0060) Equation 2 uses V1 to calculate the distance 
between the first RDF device 30 and the wireless call source. 

0061. After the distance between the first RDF device 30 
and the wireleSS call Source is calculated, the wireleSS call 
Source's latitude and longitude can be easily determined 
using Equations 3 and 4. 
0.062 FIG. 6 depicts a user initiated process 100 accord 
ing to the present invention. A user, upon realizing either 
having his car Stolen or Some car trouble, block 102, may 
place a call to the monitoring center, block 104. The user 
must Subscribe to the monitoring Service and provide Sub 
scriber information to the monitoring center, block 106. 
After being connected to the monitoring center and provid 
ing his Subscriber information, the user can then report his 
car trouble or his stolen vehicle, block 108. The monitoring 
center will then take appropriate actions, which are 
described in FIG. 8. 

0063 FIG. 7 depicts a theft detection device initiated 
process 120. The theft detection device equipped with a 
wireleSS calling capability may also make a call to the 
monitoring center automatically. When a triggering event 
happens, block 122, the theft detection device automatically 
places a call to the monitoring center 20, block-124. A 
triggering event can be the activation of an air bag, the 
activation of a panic button, etc. The telephone number for 
the monitoring center 20 is preprogrammed into the theft 
detection device along with other Subscriber information. 
0064. When the monitoring center 20 answers the call, 
the theft detection device needs to provide Subscriber infor 
mation, block 126 before reporting the triggering event 128. 
The monitoring center 20 will analyze the triggering event 
and then provide instructions accordingly. The theft detec 
tion device will receive the instructions from the monitoring 
center 20, block 130, and execute those instructions, block 
132. 

0065 FIG. 8 is a block diagram that describes a process 
150 for the monitoring center 20. When the monitoring 
center 20 receives a call, block 152, it checks whether the 
call is placed by a human user or by a theft detection device, 
block 154. There are different ways to verify the originator 
of a call, and one of them may be to have one telephone 
number used by human callers and another telephone num 
ber to handle calls originated from the theft detection device. 
The caller's telephone number can be easily determined 
through the automatic number identification (ANI) feature 
provided by a telephone network. 

0.066 If the call is from the theft detection device, the 
monitoring center gets Subscriber's identification number 
from the theft detection device, block 156, and verifies that 
the device belongs to a subscriber, block 158. The monitor 
ing center 20 verifies that the device is from a subscriber by 
retrieving information from a subscriber database. If the 
theft detection device does not belong to a Subscriber, then 
the call is dropped. Otherwise, the monitoring center 20 
requests the location information from the location proces 
Sor 38, block 159, and receives information about the 
triggering event from the theft detection device, block 160. 
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0067 For each triggering event, the subscriber may pre 
Scribe a Series of actions to be taken, and this information is 
Stored in a database Server 28 accessible by the monitoring 
center 20. The monitoring center 20 makes a request to 
retrieve the list of actions corresponding to the triggering 
event from the database server 28, block 162, and executes 
the prescribed actions, block 164. The prescribed actions 
may include Shutting down the vehicle, notifying law 
enforcement authorities, requesting emergency medical 
assistance, etc. 
0068 If a human user makes the call, the monitoring 
center 20 receives user's identification information, block 
166, and verifies that the user is a Subscriber, block 168. If 
the user is not a Subscriber, the call is dropped. If the user is 
a subscriber, the monitoring center 20 checks whether the 
user is reporting a car theft, block 170, or needs roadside 
service, block 172. The monitoring center 20 may check for 
other services offered by the monitoring center 20. 
0069. If the user needs roadside service, the monitoring 
center 20 Sends a request for location information to the 
location processor 38, block 174. After the location infor 
mation is received, the monitoring center 20 connects the 
user to a roadside Service center and forwards the user's 
location information to the roadside Service center, block 
176. The roadside service center can then provide needed 
Service to the user by dispatching a Service vehicle to user's 
location. 

0070 If the user reports a stolen vehicle, the monitoring 
center 20 retrieves user's information from the database and 
places a call to the theft detection device, block 178. The 
monitoring center 20 also requests the location processor to 
track the call to the theft detection device and to determine 
the location of the theft detection device, block 180. The 
monitoring device 20 retrieves a list of actions prescribed by 
the Subscriber from a database server 28, block 182, and 
executes these actions, block 184. The actions may involve 
the monitoring center 20 transmitting a list of instructions to 
the theft detection device and requests the theft detection 
device execute these actions. Finally, the monitoring device 
reports to the user, block 186. The notification can be a call 
or an e-mail to the Subscriber. 

0071 FIG. 9 is an example of actions transmitted to and 
taken by a theft detection device. The actions refer to a shut 
down procedure 200. A subscriber may wish the vehicle to 
be shut down after it is stolen, so it may be recovered before 
it is driven too far away. The prescribed action of Shutting 
down is transmitted by the monitoring center 20 to the theft 
detection device. The theft detection device checks the 
instruction received, block 210. If the prescribed action is 
not for shutting down, then the theft detection device will 
stay connected to the monitoring center, block 220. If the 
instruction received is for Shutting down the vehicle, the 
theft detection device checks whether the vehicle is moving, 
block 212. The shutting down procedure needs to be handled 
carefully as to prevent injury to innocent third parties. 
0072) If the vehicle is moving, then it will not be shut 
down. Instead, the theft detection device will continue to 
monitor until the vehicle is stopped. Shutting down a vehicle 
in repose is Safer than a vehicle in motion. Other Safety 
factors may be considered during the shut down procedure. 
0073. Before shutting down the vehicle, the theft detec 
tion device activates a warning, block 214. The warning can 
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be visual, Such as blinking headlights and taillights, or audio 
Such as blowing horns intermittently. The purpose is to alert 
third parties about the disabling vehicle. After the warning 
is activated, the theft detection device shuts down the 
vehicle, block 216. The vehicle can be shut down by cutting 
electrical power to its engine or by Stopping fuel flowing into 
the engine. After the vehicle is shut down, the theft detection 
device reports back to the monitoring device 20, block 218. 
With the vehicle immobilized and its location determined, 
the vehicle can be easily recovered. 
0.074. In an alternate embodiment, the monitoring center 
may record all actions taken in response to a call from either 
a Subscriber or a theft detection device. This record will be 
useful if there is any liability claim resulting from instruc 
tions executed remotely by the theft detection device. 
0075 FIG. 10 illustrates a process 250 for a monitoring 
center 20 to request a list of prescribed actions for a 
particular subscriber from a database server 28. After receiv 
ing a Subscribers information, the monitoring center 20 
Sends an information request to its primary database Server 
28, block 252 and checks whether the information is 
received, block 254. If the information is received, then the 
monitoring center proceeds to execute them. 
0.076 If the information is not received, the monitoring 
center 20 checks whether there is a Secondary database 
server 28 available, block 256. If there is no other secondary 
database server 20 available to provide the information, the 
monitoring center 20 notifies the System administrator, block 
258. 

0077. The monitoring center 20 may maintain a list of 
database Servers 28 in its local database, where it tracks the 
status of each database server 28. The monitoring center 20 
may employ different algorithms to Select a Secondary 
database server 20 when its primary database server 20 is 
unavailable. The algorithm may be implemented according 
to different criteria. For example, the algorithm may be a 
Simple predefined list based on the geographic location or 
may be based on the real time handling capacity of each 
database server 28. 

0078. In order for the database servers 26 to back each 
other up, their contents must be periodically Synchronized. 
There are Several ways to Synchronize databases between 
multiple database servers 28 and FIG. 11 depicts one 
proceSS 270 for updating databases Stored in database Serv 
ers 28. A primary database server 28 identifies new data, 
block 272, that have accumulated Since the last update and 
checks whether there is any Secondary database Server 28 to 
be updated, block 274. If all the secondary database servers 
28 have been updated, then the process ends. 
0079 If there is a database server 28 to be updated, the 
primary database Server 28 Selects a Secondary database 
server 28 for update, block 27.6. There are different ways for 
one database Server to update another database Server, and 
one Simple way is for the primary database Server to Sendan 
update request with the new data to a Secondary database 
server, block 278. The primary database server 28 repeats 
the process, blocks 274,276, and 278, until there is no more 
secondary database left for updating. The process 270 is 
performed by all database servers 28. 
0080. The database update process 270 is preferably done 
when there is less traffic Over the network, Such as early 
morning hours or over the weekends. 
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0081. The following is an exemplary description of a 
Subscriber using a System according to the present invention 
to report a personal emergency situation. When the Sub 
Scriber is attacked by a robber while walking toward her car, 
She can press the panic button on her keyleSS remote unit. 
The panic button activates the theft detection device and 
triggers the theft detection device to place a call to the 
monitoring center 20. The call is received by a wireless 
transmission antenna 12, which is connected to a base 
station 14. The base station 14 forwards the call to a MSC 
16, which attempts to route the call. 
0082. After analyzing the dialed number, the MSC 16 
identifies the destination number as a number assigned to the 
monitoring center 20 and routes the call to the monitoring 
center 20. The monitoring center 20 answers the call and 
identifies the call being initiated by the theft detection 
device. The monitoring center 20 sends a request to the MSC 
16 to determine the location of the theft detection device. 
The MSC 16 sends the radio signal information related to the 
call to the location processor 38 and requests the location 
processor 38 to determine the location of the theft detection 
device. The radio Signal information is used for tracking 
wireleSS radio signal and may include frequency, time slot, 
Special code, etc. 
0083. The location processor 38 sends the radio signal 
information to all RDF devices 30. Generally, one RDF 
device 30 is attached to each wireless transmission antenna 
12. The RDF processor 36 of the RDF device 30 sets-up the 
antennas 32 to tune-in to the radio signal and Samples 
sequentially all the antennas 32. Each RDF device 30 will 
return information on the angle of arrival of the radio signal, 
if it is successful in locating the radio signal. The RDF 
device 30 sends the results back to the location processor 38. 
0084. The location processor 38 can determine the loca 
tion of an emergency call if the location processor 38 
receives the angle of arrival information from at least two 
RDF devices 30. If the location processor 38 receives the 
information from more than two RDF devices 30, then the 
location results can be analyzed and a “best fit” result 
Selected. 

0085. The location processor 38 can easily translate the 
location information, which is expressed as longitude and 
latitude, into a Street address through use of a commercial 
Software or database. The Street address is then transmitted 
to the MSC 16, which in turn sends it to the monitoring 
center 20. 

0086 The monitoring center 20 also receives the infor 
mation on the triggering event from the theft detection 
device and identifies it as related to the panic button. After 
receiving the triggering information, the monitoring center 
20 retrieves a list of prescribed actions from a database 
server 28. If the subscriber has specified that a Public Safety 
Answering Point (PSAP) or a 911 center is notified, then the 
monitoring center 20 will place a call to the PSAP and report 
the nature of the call and the location of the Subscriber. The 
PSAP can then dispatch law enforcement officers for assis 
tance. 

0087. In an alternate embodiment for a medical emer 
gency application, where a System according to the present 
invention is used to locate and to provide assistance to 
people in need of medical assistance, the database Server 28 
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may store medical information, which can retrieved and Sent 
to a medical emergency center along with the location 
information of the perSon in need of medical assistance. In 
this embodiment, a perSon carries a medical emergency 
device that is capable of placing a wireleSS telephone call, 
and upon emergency the person can preSS a button on this 
medical emergency device to connect to a monitoring center. 
The person's position is located in the manner described 
above and the monitoring center forwards his location 
information to a medical emergency center along with his 
medical information. The medical emergency center can 
then dispatch the appropriate response team to his rescue. 
0088. In yet another alternate embodiment, the location 
processor may also calculate the location of the origin of a 
wireleSS call using information other than the angle of 
arrival. The location processor may use time difference of 
arrival (TDOA) information or GPS based information. 
0089. The foregoing description of preferred embodi 
ments of the invention has been presented only for the 
purpose of illustration and description and is not intended to 
be exhaustive or to limit the invention to the precise forms 
disclosed. Many modifications and variations are possible in 
light of the above teaching. 
0090 The embodiments were chosen and described in 
order to explain the principles of the invention and their 
practical application to enable otherS Skilled in the art to 
utilize the invention and various embodiments and with 
various modifications as are Suited to the particular use 
contemplated. 

What is claimed is: 
1. A System for determining the location of an object 

equipped with a tracking device capable of placing a wire 
leSS telephone call, the System comprising: 

a mobile Switching center connected to a telephone net 
work; 

at least one base Station, wherein the at least one base 
Station is in communication with the mobile Switching 
Center, 

a plurality of wireleSS transmission antennas, wherein 
each wireleSS transmission antenna is in communica 
tion with one base Station; 

a location processor, the location processor being in 
communication with the mobile Switching center, 
wherein the location processor is capable of determin 
ing the location of the radiotelephone through triangu 
lation calculation; 

a plurality of radio direction finding devices, each radio 
direction finding device being installed adjacent one 
wireleSS transmission antenna; 

a monitoring center in communication with the monitor 
ing center and a data network; 

a plurality of database Servers in communication with the 
data network, and 

a tracking device installed on the object, wherein the 
tracking device is capable of initiating and receiving 
wireleSS telephone calls to and from the monitoring 
Center. 
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2. The System of claim 1, wherein each database Server 
has a Subscriber database. 

3. The system of claim 2, wherein the Subscriber database 
contains lists of actions prescribed by Subscribers. 

4. The System of claim 1, wherein one database Server is 
assigned as the primary database Server for the monitoring 
Center. 

5. The system of claim 4, wherein the monitoring center 
is capable of accessing a Secondary database Server. 

6. The system of claim 1, wherein the data network is the 
Internet. 

7. A method for locating an object equipped with a 
tracking device capable of receiving and placing wireleSS 
telephone calls, the method comprising: 

receiving a notification about the object from a caller; 
requesting information about the caller from a primary 

database Server, 
placing a call to the object device; 
requesting a location processor to determine the location 

of the tracking device after the call to the tracking 
device is established; 

receiving radio Signal information related to the call from 
a mobile Switching center; 

Sending radio Signal information to a plurality of radio 
direction finding devices, 

receiving angular information from at least two radio 
direction finding devices, 

employing a triangulation method to calculate the location 
of the tracking device; and 

transmitting information about the location to a monitor 
ing center. 

8. The method of claim 7 further comprising: 
receiving a list of prescribed actions from the primary 

database Server, and 
transmitting prescribed actions to the tracking device. 
9. The method of claim 7 further comprises 
requesting information about the caller from a Secondary 

database Server, if the primary database Server does not 
Supply the information requested. 

10. The method of claim 7 further comprising: 
identifying a new data in the primary database Server for 

updating, and 
Sending the new data with update request to a Secondary 

database Server. 
11. A method for providing assistance to an owner of a 

vehicle equipped with a theft detection device, the method 
comprising: 

receiving a call from the theft detection device at a 
monitoring center; 

receiving information about a triggering event; 
requesting a list of prescribed actions from a primary 

database Server, 

requesting a location processor to determine the location 
of the theft detection device; 
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receiving radio signal information related to the call from 
a mobile Switching center; 

Sending radio Signal information to a plurality of radio 
direction finding devices, 

receiving angular information from at least two radio 
direction finding devices, and 

employing a triangulation method to calculate the location 
of the theft detection device. 

12. The method of claim 11 further comprising: 
retrieving a list of prescribed actions from the primary 

database Server; and 
transmitting prescribed actions to the theft detection 

device. 
13. The method of claim 11 further comprising: 
placing a call to a roadside Service center; and 
transmitting the location information to the roadside Ser 

Vice center. 
14. The method of claim 11 further comprising 
recording actions taken by the monitoring center. 
15. The method of claim 11 further comprises 
requesting the list of prescribed actions from a Secondary 

database Server, if the primary database Server does not 
Supply the requested list of actions. 

16. A method for providing medical assistance to a perSon 
carrying a medical emergency device capable of placing a 
wireleSS telephone call, the method comprising: 

receiving a call from the medical emergency device at a 
monitoring center; 
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requesting the perSon's medical information from a pri 
mary database Server; 

requesting a location processor to determine the location 
of the device; 

receiving radio Signal information related to the call from 
a mobile Switching center; 

Sending radio Signal information to a plurality of radio 
direction finding devices, 

receiving angular information from at least two radio 
direction finding devices, 

employing a triangulation method to calculate the location 
of the device; and 

Sending the location information to a medical emergency 
Center. 

17. The method of claim 16 further comprising 

receiving the person's medical information from the pri 
mary database Server; and 

transmitting the medical information to the medical emer 
gency center. 

18. The method of claim 16 further comprises 

requesting the medical information from a Secondary 
database server, if the primary database server does not 
Supply the medical information. 


