
IN THE UNITED STATES DISTRICT COURT 
FOR THE NORTHERN DISTRICT OF TEXAS 

DALLAS DIVISION 
 

AVIONIQS, LLC, 
                                            
                                             Plaintiff, 
   v. 
 
CHINA CARGO AIRLINES LTD., 
 
                                              Defendant. 

 
 

Case No. 3:15-cv-394 
 
PATENT CASE 
 
JURY TRIAL DEMANDED 

 
COMPLAINT 

 Plaintiff Avioniqs, LLC files this Complaint against Defendant China Cargo Airlines Ltd., 

for infringement of United States Patent Nos. 5,771,020 (the “‘020 Patent”) and 7,688,214 (the 

“’214 Patent”). 

PARTIES AND JURISDICTION 

1. This is an action for patent infringement under Title 35 of the United States Code.  

Plaintiff is seeking injunctive relief as well as damages. 

2. Jurisdiction is proper in this Court pursuant to 28 U.S.C. §§ 1331 (Federal 

Question) and 1338(a) (Patents) because this is a civil action for patent infringement arising under 

the United States patent statutes. 

3. Plaintiff Avioniqs, LLC (“Plaintiff” or “Avioniqs”) is a Texas limited liability 

company with its principal office located in Texas, at 719 W. Front Street, Suite 211, Tyler, Texas 

75702. 

4. Upon information and belief, Defendant China Cargo Airlines Ltd. (“Defendant”) 

is a corporation organized and existing under the laws of China, with a principal office located at 

Konggang 6th Rd., Hongqiao International Airport, Shanghai, China.  This Court has personal 

jurisdiction over Defendant because Defendant has committed, and continues to commit, acts of 
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infringement in the state of Texas, has conducted business in the state of Texas, and/or has engaged 

in continuous and systematic activities in the state of Texas, at least in connection with Defendant’s 

flights into and out of DFW Airport.  

5. Defendant has used and continues to use the Accused Products (as defined below) 

in the Northern District of Texas, at least in connection with Defendant’s flights into and out of 

DFW Airport.  

VENUE 

6. Venue is proper in the Eastern District of Texas pursuant to 28 U.S.C. §§ 1391(c) 

and 1400(b) because Defendant is deemed to reside in this district.  In addition, and in the 

alternative, Defendant has committed acts of infringement in this district. 

COUNT I 
(INFRINGEMENT OF UNITED STATES PATENT NO. 5,771,020) 

 
7. Plaintiff incorporates paragraphs 1 through 6 herein by reference. 

8. This cause of action arises under the patent laws of the United States, and in 

particular, 35 U.S.C. §§ 271, et seq. 

9. Plaintiff is the owner by assignment of the ‘020 Patent with sole rights to enforce 

the ‘020 Patent and sue infringers. 

10. A copy of the ‘020 Patent, titled “Lightning Locating System,” is attached hereto 

as Exhibit A. 

11. The ‘020 Patent is valid and enforceable, and it was duly issued in full compliance 

with Title 35 of the United States Code. 

12. The ‘020 Patent is a prominent patent in the field of weather radar systems.  This is 

evidenced in part by the extent to which the ‘020 Patent has been forward-cited as prior art in 

connection with the examination of subsequently-issued U.S. patents.  The ‘020 Patent has been 
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forward-cited in more than 30 subsequently-issued U.S. patents to date, including patents 

originally assigned to such prominent companies and institutions as Rockwell Collins, GE, Nokia, 

L-3Comunications Avionics Systems, and Johns Hopkins University.  The ‘020 Patent has also 

been forward-cited in U.S. patents issued to the United States of America, as represented by the 

Secretary of the Navy, the Secretary of Commerce, and NASA. 

(Direct Infringement) 

13. Upon information and belief, Defendant has infringed and continues to directly 

infringe one or more claims of the ‘020 Patent, including at least claim 19, by using weather radar 

systems including lightning location detection systems (the “Accused Products for the ‘020 

Patent”).  

14. Defendant’s actions complained of herein are causing irreparable harm and 

monetary damage to Plaintiff and will continue to do so unless and until Defendant is enjoined and 

restrained by this Court. 

15. Plaintiff is in compliance with 35 U.S.C. § 287.  

COUNT II 
(INFRINGEMENT OF UNITED STATES PATENT NO. 7,688,214) 

 
16. Plaintiff incorporates paragraphs 1 through 6 herein by reference. 

17. This cause of action arises under the patent laws of the United States, and in 

particular, 35 U.S.C. §§ 271, et seq. 

18. Plaintiff is the owner by assignment of the ‘214 Patent with sole rights to enforce 

the ‘214 Patent and sue infringers. 

19. A copy of the ‘214 Patent, titled “Weather Warning System and Method,” is 

attached hereto as Exhibit B. 
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20. The ‘214 Patent is valid and enforceable, and it was duly issued in full compliance 

with Title 35 of the United States Code. 

(Direct Infringement) 

21. Upon information and belief, Defendant has infringed and continues to directly 

infringe one or more claims of the ‘214 Patent, including at least claim 12, by using weather radar 

systems for detecting the occurrence of a weather condition (the “Accused Products for the ‘214 

Patent” and, collectively with the Accused Products for the ‘020 Patent, the “Accused Products”).  

22. Defendant’s actions complained of herein are causing irreparable harm and 

monetary damage to Plaintiff and will continue to do so unless and until Defendant is enjoined and 

restrained by this Court. 

23. Plaintiff is in compliance with 35 U.S.C. § 287. 

DEMAND FOR JURY TRIAL  

 Plaintiff, under Rule 38 of the Federal Rules of Civil Procedure, requests a trial by jury of 

all issues so triable by right. 

PRAYER FOR RELIEF 

 WHEREFORE, Plaintiff respectfully requests the Court to: 

a) Enter judgment for Plaintiff on this Complaint on all causes of action asserted herein; 

b) Enjoin Defendant, its agents, officers, servants, employees, attorneys and all persons 

in active concert or participation with Defendant who receive notice of the order from 

further infringement of United States Patent No. 5,771,020 (or, in the alternative, 

awarding Plaintiff a running royalty from the time of judgment going forward); 

c) Enjoin Defendant, its agents, officers, servants, employees, attorneys and all persons 

in active concert or participation with Defendant who receive notice of the order from 
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further infringement of United States Patent No. 7,688,214 (or, in the alternative, 

awarding Plaintiff a running royalty from the time of judgment going forward); 

d) Award Plaintiff damages resulting from Defendants’ infringement in accordance with 

35 U.S.C. § 284;  

e) Declare this an “exceptional case” pursuant to 35 U.S.C. § 285 and award Plaintiff 

its attorney’s fees and any other appropriate relief; 

f) Award Plaintiff pre-judgment and post-judgment interest and costs; and 

g) Award Plaintiff such further relief to which the Court finds Plaintiff entitled under 

law or equity. 

 
Dated:  February 6, 2015   Respectfully submitted,  

 
   /s/ Craig Tadlock   
Craig Tadlock 
State Bar No. 00791766 
John J. Harvey, Jr. 
State Bar No. 09179770 
TADLOCK LAW FIRM PLLC 
2701 Dallas Parkway, Suite 360 
Plano, Texas 75093 
214-785-6014 
craig@tadlocklawfirm.com 
john@tadlocklawfirm.com 
 
Attorneys for Plaintiff Avioniqs, LLC  
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EXHIBIT A 

United States Patent  
No. 5,771,020
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United States Patent 
Markson et al. 

[19] 5,771,020 
Jun. 23, 1998 

Patent Number: 

Date of Patent: 

[11] 

[45] 

[54] LIGHTNING LOCATING SYSTEM 

[75] Inventors: Ralph J. Markson, Weston, Mass.; 
Lothar H. Ruhnke, Reston, Va. 

[73] Assignee: Airborne Research Associates, Inc., 
Weston, Mass. 

[21] Appl. No.: 687,751 

[22] Filed: Jul. 25, 1996 

Related U.S. Application Data 

[60] Provisional application No. 60/001,540, Jul. 26, 1995. 

[51] Int. Cl.6 ...................................................... .. G01S 3/02 
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[57] ABSTRACT 

A lightning detection system for detecting and locating an 
initial discharge of an initial leader stroke of a lightning 
?ash. An initial lightning discharge produces a pulse that can 
be used to accurately detect lightning, and more particularly, 
the location of the initial lightning discharge. In one 
embodiment, at least three sensors detect and determine the 
location of the ?rst pulses from initial lightning discharges 
using time difference of arrival information of the pulses at 
each of the three sensors. In another embodiment, a single 
sensor is used to determine the range of an initial lightning 
discharge from the amplitude of a corresponding initial 
detected pulse, and to determine its direction from a crossed 
loop antenna. An alternative embodiment of a single sensor 
system determines a distance of a lightning event from a 
peak amplitude value derived from a pulse amplitude dis 
tribution. In a further embodiment, a lightning detection 
system provides enhanced lightning location by incorporat 
ing Weather data from a Weather radar With detected light 
ning information. 

19 Claims, 15 Drawing Sheets 
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LIGHTNING LOCATING SYSTEM 

RELATED CASE INFORMATION 

The present application claims bene?t of US. Provisional 
application Ser. No. 60/001,540, ?led Jul. 26, 1995. 

FIELD OF THE INVENTION 

The invention relates generally to lightning Warning 
systems, and more particularly to an early lightning Warning 
system for detecting and processing initial lightning dis 
charges. 

BACKGROUND OF THE INVENTION 

Lightning includes electrical discharges Within a cloud, 
intracloud (IC) discharges, and cloud to ground (CG) dis 
charges (total lightning). Lightning occurs When electrical 
?elds Within a cloud intensify as particles of opposite 
polarity collect at differing regions Within the cloud. 
Typically, the electric ?eld forms as a result of strong 
updrafts Which carry monopolar positive charge aloft leav 
ing negative space charge in a central or loWer part of the 
cloud. Precipitation and doWndrafts can also transport nega 
tive space charge doWnWard. The updrafts and doWndrafts 
further contribute to the electri?cation of the cloud particles. 
Lightning generally occurs near the location of these intense 
updrafts and doWndrafts. 

Lightning begins With an initial electrical breakdown 
(pulse) folloWed by leader channels from Which a series of 
channel branches groW Within a cloud forming a compre 
hensive branch channel structure. For IC lightning, the 
channel structure remains Within the cloud. A CG discharge 
occurs When one or more branches eXtend from a cloud to 

the ground. The leader channel propagates in steps to the 
ground. When the leader channel is about 100 meters from 
the ground, a streamer propagates up from the ground to 
meet the stepped leader. When the tWo meet, a continuous 
channel of ioniZed air is formed from the cloud to the 
ground. At this point a large current ?oWs from the ground 
to the cloud Which is knoWn as a return stroke. 

Typical lightning detection systems, such as the Lightning 
Location and protection (LLP) system used in the National 
Lightning Detection NetWork (NLDN), operate to detect CG 
return strokes. Generally, the return stroke associated With a 
CG discharge is many times larger than for IC discharges. 
Thus, such a system typically Will not detect IC lightning. 
Also, the system assigns a location to the discharge corre 
sponding to a position on the ground and provides no 
information With respect to the stroke origin Which may be 
tens of miles distant. 

A further disadvantage of prior single sensor systems is 
susceptibility to RF noise. Since Very LoW Frequency (VLF) 
signals are targeted for detection, systems for detecting CG 
return strokes can provide a general bearing of a storm using 
Well knoWn crossed loop technology, but are subject to gross 
errors With respect to distance. In particular, single sensor 
VLF systems determine the distance of a lightning stroke 
from the stoke intensity, but stroke intensities can vary by 
tWo or three orders of magnitude. Thus it Will be appreciated 
that these VLF systems do not have the capability to 
accurately determine lightning range from a single obser 
vation station. 

Another disadvantage of knoWn systems stems from 
display limitations With respect to lightning position. More 
particularly, a single dot on a display typically represents a 
complete lightning ?ash. HoWever, a lightning ?ash can 
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2 
eXtend for tens of kilometers from an initial leader. Thus a 
display of dots may provide a general area containing 
lightning discharges, but does not provide an accurate rep 
resentation of the location of the source of the atmospheric 
disturbance. The source of the lighting is generally the area 
presenting the most severe aviation haZards, such as hail, 
icing, turbulence and microbursts. 
A still further draWback of some systems is that in 

operation, the systems detect and process energy from many 
parts of the lightning channels of lightning strokes and the 
multitude of pulses from each stroke, thus requiring a 
tremendous processing capability. Such systems are com 
pleX and eXpensive. 

With respect to knoWn VLF single station lightning 
detection systems, there are considerable limitations asso 
ciated thereWith due to the inherent variation in lightning 
stroke discharge amplitudes. For eXample, a lightning chan 
nel structure includes a tremendous horiZontal and vertical 
span radiating energy throughout. This produces polariZa 
tion errors for aZimuth and distance determination. Light 
ning discharges vary in intensity as much as three orders of 
magnitude, thus precluding accurate distance determination 
based on detected discharge intensity. Also, IC and CG 
discharges have different characteristics. These factors con 
tribute to the problems of fabricating an accurate lightning 
detection system including the ability to distinguish betWeen 
IC and CG lightning. 

Often during thunderstorms, intense doWndrafts, knoWn 
as microbursts, folloW lightning producing updrafts. 
Microbursts pose a threat to aircraft, especially immediately 
after take off and prior to landing Where an aircraft is 
especially vulnerable. A further danger to aircraft results as 
a microburst approaches ground level and air ?ows hori 
Zontally creating a Wind shear region possibly resulting in 
stalling the aircrafts and losing lift. In fact several hundreds 
of deaths have occurred in airplane crashes over the past feW 
decades due to intense doWndrafts, or microbursts and 
resulting Wind shear. Since lightning generally begins near 
the locations of intense updrafts and doWndrafts, the early 
detection of microbursts is critical in averting such disasters. 
This situation has been partially addressed by the Federal 
Aviation Administration Which has responded by 
situating Weather radars, such as Terminal Doppler Weather 
Radars (TDWR), at various major airports across the United 
States. These radars measure the radial velocity of raindrops 
toWards and aWay from the radar and infer air motions 
therefrom. HoWever, despite the considerable cost, in the 
neighborhood of several millions of dollars, Doppler 
Weather radars have limitations. For instance, if rainfall is 
vertical and the radar is scanning near the horiZon, no radial 
velocity is detected, thus not detecting a possible doWndraft. 
Doppler radars operate to detect out?oW air having rain 
drops therein. Further disadvantages of Weather radars are 
sloW volume scans, for eXample up to three minutes to 
obtain one picture, performance degradations due to ground 
clutter, and signi?cant cost. 
KnoWn lightning detection systems do not provide a Way 

to determine potential microburst locations since there is no 
knoWn correlation betWeen CG discharges and microbursts. 
It Will be appreciated by one skilled in the art that a VLF 
system detecting signals having Wavelengths on the same 
scale as lightning channels is not Well adapted for 
microburst prediction Which requires de?ning lightning in 
scales of hundreds of meters. A VLF system detects a CG 
return stroke emitting VLF energy having a Wavelength in 
the order of 10 kilometers, but can rarely, if at all, detect the 
shorter stepped structure of IC lightning rich in HF and VHF 
radiation from Which microbursts can be predicted. 
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Other technologies are currently being developed and 
exist to detect Windshear conditions, such as laser, Infra Red 
(IR) and Doppler radar based systems. While those tech 
nologies may be successful in ascertaining microbursts that 
have already developed, it is unlikely that event prediction 
Will be attainable. HaZardous Weather Warnings Would be in 
the vicinity of a feW minutes, or seconds, and thus possibly 
not suf?cient for an aircraft to avoid the danger. 

In vieW of the above, a loW cost total lightning Warning 
system is desired Which detects all lightning discharges and 
provides an early Warning of lightning, accurate location 
including direction and range of the source of lightning, 
lightning type, and the location of potential microbursts. 

SUMMARY OF THE INVENTION 

The present invention overcomes the aforesaid and other 
disadvantages by providing a lightning detection system for 
detecting initial lightning discharges Which alloWs lightning 
to be detected prior to cloud to ground strokes. The initial 
discharges provide information used to determine lightning 
location and possibly haZardous Weather conditions such as 
intense updrafts and doWndrafts or microbursts. 

In a ?rst embodiment, a lightning detection system 
includes at least three sensors disposed in locations knoWn 
to a master station Which is coupled to each of the sensors. 
The sensors detect a pulse produced by an initial lightning 
discharge of an initial lightning stroke. At each sensor, a time 
of pulse arrival is recorded Which information is sent to the 
master station for processing. The master station uses the 
time difference of arrival of the pulse at the three sensors to 
determine the location in tWo dimensions of the origin of the 
initial discharge. Four or more sensors provides a location in 
three dimensions. 

In another embodiment, a lightning detection system 
includes a single sensor for determining the location of an 
initial lightning discharge (RF pulse) The initial pulses are 
monopolar, either positive or negative and about one micro 
second or less in duration. The sensor includes an E-?eld 
antenna and a crossed loop antenna. A distance for the initial 
discharge is determined from the amplitude of the detected 
pulse Which is constant for initial pulses. Since the initial 
discharge is vertical With respect to ground and its associated 
RF pulse has the same amplitude for all ?rst pulses, the 
range can be accurately determined since the amplitude is 
knoWn to fall off as a function of distance. In conjunction 
With the E-?eld antenna, the crossed loop antenna provides 
a direction for the initial lightning pulse. An altitude for the 
initial pulse can be assigned base on the polarity of the 
corresponding pulse, since initial IC discharges are negative 
and CG discharges are positive. 
A further embodiment of a single sensor lightning detec 

tion system detects a series of microsecond or shorter pulses 
emitted by a lightning stroke and determines a peak or 
average value from a distribution of the pulse amplitudes. 
This value can be used to determine the distance of the 
lightning event. 

In an alternative embodiment, a lightning detection sys 
tem includes a Weather radar and a lightning detector for 
providing Weather radar type display including lightning 
information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the invention Will be 
apparent from the folloWing detailed description of the 
invention in conjunction With the accompanying draWings in 
which: 
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FIG. 1 is a pictorial representation of lightning forming in 

a cloud; 
FIG. 2 is graphical representation of a typical cloud to 

ground lightning ?ash shoWing a change in electrostatic 
potential over time; 

FIG. 3 is a graphical representation of an electromagnetic 
signature of the cloud to ground lightning ?ash of FIG. 2; 

FIG. 4 is graphical representation of a typical intracloud 
lightning ?ash shoWing a change in electrostatic potential 
over time; 

FIG. 5 is a graphical representation of an electromagnetic 
signature of the intracloud lightning ?ash of FIG. 4; 

FIG. 6 is a block diagram of a ?rst embodiment of a 
lightning detection system according to the present inven 
tion; 

FIG. 7 is a block diagram of a sensor forming a part of the 
lightning detection system of FIG. 6; 

FIG. 8 is a block diagram of a master station forming a 
part of the lightning detection system of FIG. 6; 

FIG. 9 is pictorial representation of an exemplary display 
for the lightning detection system of FIG. 6; 

FIG. 10 is a block diagram of a further embodiment of a 
lightning detection system according to the present inven 
tion; 

FIG. 11 is a circuit diagram of an E-?eld antenna and 
ampli?er forming a part of the lightning detection system of 
FIG. 10; 

FIG. 12 is a circuit diagram of a loop antenna and 
ampli?er forming a part of the lightning detection system of 
FIG. 10; 

FIG. 13A is a circuit diagram of an E-?eld pulse detection 
circuit forming a part of the lightning detection system of 
FIG. 10; 

FIG. 13B is a circuit diagram of a logic circuit forming a 
part of the lightning detection system of FIG. 10; 

FIG. 14 is a circuit diagram of pulse measurement circuit 
forming a part of the lightning detection system of FIG. 10; 

FIGS. 15A and 15B are ?oW diagrams illustrating process 
steps associated With a processor forming a part of the 
lightning detection system of FIG. 10; 

FIG. 16 is an eXemplary distribution of pulse amplitudes 
corresponding to a lightning stroke; and 

FIG. 17 is a block diagram of an alternative embodiment 
of a lightning detection system including a Weather radar 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

As shoWn in FIG. 1, lightning is a result of an electrical 
potential gradient in a cloud 10 formed as an updraft 12 in 
a cloud convective cycle carries positive charge to an upper 
portion 14 of the cloud. Positive charge remains in a loWer 
portion 16 of the cloud so that a middle layer 18 having a 
majority of negative charge is formed betWeen the upper and 
loWer portions 14,16 of the cloud. Large electrical vertical 
potential gradients (Which control the directions of the initial 
pulse) are thus developed near the boundaries betWeen the 
negative and positive space charge at the top 24 and bottom 
26 of the layer 18 leading up to an initial vertical lightning 
discharge through non-ioniZed air forming a channel. The 
initial vertical discharge provides initial ioniZation of the air 
forming a channel of air. 
An initial IC discharge 22 originates at a ?rst intersection 

24 of the upper portion 14 and the middle portion 18 of the 
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cloud 10. Generally, the intersection is about 9 km in altitude 
for a mature thunderstorm, but may initially be at 6 or 7 km. 
An initial CG discharge 20 originates at a second intersec 
tion 26 of the loWer portion 16 and the middle portion 18 of 
the cloud 10. Typically, the altitude of the initial CG 
discharge is about 5 km. The initial IC and CG lightning 
discharges 22,20 are substantially vertical. It Will be appre 
ciated that the initial CG discharge 20 and the initial IC 
discharge 22 Will be of opposite polarity. The initial IC and 
CG discharges form a portion of an initial leader stroke from 
Which a series of channel branches groW forming a com 
prehensive branch channel structure 28. A series of strokes 
?oWs through the channel structure, Which is knoWn as a 
?ash. A ?ash is generally observed as ?ickering as lightning 
channels emit light. 

The initial IC and CG discharges are virtually identical 
except for polarity. HoWever, although IC discharges are 
present throughout a thunderstorm, IC discharges almost 
alWays precede the ?rst CG stroke reaching the ground by 
tens or more minutes. Thus IC detection is critical to 

providing an early Warning of thunderstorms, prior to CG 
lightning strokes reaching the ground. In fact, IC lightning 
detection is far more accurate in detecting thunderstorms, 
since some thunderstorms do not produce any CG lightning 
and others produce only a feW CG ?ashes. 
As shoWn in FIG. 2, an electrostatic signature of a CG 

?ash 32 includes an initial leader stroke signal 34, an initial 
return stroke 36, folloWed by subsequent strokes 38 and 
subsequent return strokes 40. The CG ?ash 32 thus includes 
a plurality of strokes. As shoWn, a series of positive steps, 
seen as return stroke signals 36,40, represent CG discharges. 
The initial leader stroke 34 includes an initial discharge 42 
at the very beginning of the initial leader stroke. The CG 
?ash 32 stretches over several hundred milliseconds, and is 
detectable by a “sloW antenna” sampling as loW as 0.1 HZ for 
measuring the electrostatic potential difference over time. 

FIG. 3 illustrates the detected RF energy from the CG 
?ash 32 of FIG. 2. Corresponding to the initial discharge 42 
of the initial leader stroke 34, there is an initial pulse 44. The 
initial pulse 44 has a characteristic amplitude 46, energy and 
duration that is relatively constant. The initial return stroke 
36 produces a corresponding initial return stroke pulse 48. 
The subsequent return stroke 40 correspond to return stroke 
pulses 50. The return stroke pulses 50 are folloWed by 
Q-bursts 52, represented as a series of pulses having an 
amplitude loWer than that of the return stroke pulses. 

FIGS. 4 and 5 illustrate an electromagnetic signature and 
corresponding resulting pulses of an IC ?ash 54. As can be 
seen, the IC ?ash 54 includes negative steps Which are less 
pronounced in comparison With the CG ?ash 32. A recoil 
streamer 56, similar to but generally smaller than a CG 
return stroke, produces a corresponding pulse 58. An initial 
discharge 60 of an initial IC leader stroke 61 corresponds to 
an initial RF pulse 62 having a characteristic amplitude 64, 
energy and duration substantially matching that of the CG 
initial pulse, except in polarity. It Will be appreciated that 
detecting and processing initial IC and CG pulses provides 
an advance in the art over knoWn lightning detection sys 
tems. 

In a ?rst embodiment as shoWn in FIGS. 6—8, a lightning 
detection system includes a plurality of sensors for detecting 
RF energy from lightning discharges. It is believed, but 
Without limitation thereto, that RF energy transmitted by 
virtually all initial lightning discharges Within a cloud are 
substantially vertical With respect to ground. It is further 
believed that RF pulses produced from almost all initial 
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6 
lightning discharges, IC and CG, are substantially similar 
With respect to energy, amplitude, and duration, regardless 
of the eventual energy of a stroke, or Whether the discharge 
eventually reaches ground. Thus an initial lightning dis 
charge and corresponding pulse can be the basis for early 
and accurate lightning detection and location. 
A ?rst embodiment of a lightning detection system 100 

includes ?ve sensors 102 and a master station 104 for 
collecting and processing data from the sensors. The sensors 
102 are con?gured in spaced apart relationship Wherein the 
exact location of each sensor is knoWn to the master station 
104. In an exemplary embodiment, sensors 102 are placed in 
a cross-con?guration With one sensor centrally located 
Within the cross and disposed Within a tWenty-?ve mile 
radius. A (Global positioning System) GPS unit associated 
With each sensor can provide a location accurate to about 
?fty feet, but in an illustrative implementation, the accuracy 
of each sensor With respect to latitude and longitude is 
knoWn to Within 10 feet. Each of the sensors 102 is con 
nected to the master station 104 via telephone line or by a 
RS-232 serial computer link 106. An RS-232 link is adapted 
for a sensor in the vicinity of the master station. 

Different con?gurations of the sensors are possible in 
alternative embodiments. For a three-dimensional system a 
minimum of four sensors is necessary and for a tWo 
dimensional system, three sensors are required. In one 
embodiment, at least one sensor is located in the general 
vicinity of an airport. Alternatively, one or more sensors can 
be located on aircraft and provide information to a master 
station and to other aircraft. The sensors can be placed 
hundreds of miles apart With suf?cient sensor sensitivity 
providing improved accuracy of lightning location. As a 
further alternative, sensors can be placed at aircraft Wingtips. 
Although the Wingspan distance is limited, autocorrelation 
techniques reduce error to an acceptable level. In another 
embodiment, lightning data is provided to unmanned light 
ning Warning stations typically located near smaller airports. 

Referring noW to the block diagram of FIG. 7, each sensor 
102 includes a lightning antenna 110 in communication With 
a pre-ampli?er 112 for amplifying a signal provided by the 
antenna. In an exemplary embodiment, the antenna 110 
detects RF energy in a range from 150 kHZ to 50 MHZ. A 
bipolar comparator 114 is coupled to the pre-ampli?er 112 
for detecting pulses having characteristics Within predeter 
mined ranges corresponding to an initial lightning discharge. 
A detected pulse generally has a duration of about a micro 
second or less With a rise time of about one hundred 
nanoseconds and a fall time someWhat longer. The com 
parator is bipolar in that positive and negative pulses are 
detected. A GPS unit 116, including a GPS antenna 118, 
provides location, time, and date information to a sensor 
processor 120 via a bi-directional GPS data signal 122 
Which also alloWs the sensor processor to communicate With 
the GPS unit. The GPS unit 116 provides a one second pulse 
signal 124 to a counter 126 Which is coupled to the processor 
120 by a count value signal 128. The comparator 114 is 
connected to the counter 126 and sensor processor 120 by an 
event signal 130. In an exemplary embodiment, the event 
signal 130 is connected as an interrupt to the sensor pro 
cessor 120. Coupled to the sensor processor 120 is memory 
132 for providing event data storage capability. A modem 
134 and serial link 136 are coupled to the sensor processor 
120 to provide stored event information to the master station 
104. 
The GPS unit 116 a provides a frame of reference With 

respect to time. It Will be appreciated that other methods can 
be used to provide a time reference. The GPS unit 116 can 
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also provide a location for the sensors (Within about 50 feet), 
but greater accuracy is afforded by surveyed latitude and 
longitude measurements (Within 10 feet). The pulse signal 
124 from the GPS unit 116 is active once per second and is 
operative to reset the counter 126. The counter 126 is 
incremented by a crystal oscillator 138 having a frequency 
of about 40 MHZ, thus providing a clock period of about 25 
ns. 

In operation, the comparator 114 activates the event signal 
130 upon detecting a pulse having an amplitude greater than 
a predetermined amplitude. The active event signal 130 
stops the counter 126 from incrementing and provides an 
interrupt to the sensor processor 120. The sensor processor 
120 reads the value in the counter 126 via the count value 
signal 128 Which corresponds to the time of the detected 
pulse. The counter 126 provides a “time stamp” for the 
event. More particularly, the time of the detected pulse is 
knoWn by the value in the counter 126 Which corresponds to 
the time since the last one second pulse from the GPS unit 
116. The sensor processor 120 then prohibits any further 
event signals to the counter 126 for a predetermined time, 
0.5 to 1.5 seconds for example. This alloWs the GPS unit 116 
to reset the counter 126. Each initial discharge pulse (event) 
detected by the comparator 114 has assigned thereto event 
information including GPS location, date, and time, and 
time from the most recent one second GPS time update 
(counter value), and polarity. The pulse information is held 
in memory 132 under control of the sensor processor 120. 
The minimum storage capacity of the sensor is 100 lightning 
events. The stored event information in the memory 132 is 
retrieved by the master station 104 via modem or serial link. 
As shoWn in phantom, in a further embodiment, the sensor 
102 can also include a bipolar peak detector 140 coupled in 
betWeen the preampli?er 112 and sensor processor 120 for 
providing peak voltage information for the event. 

In exemplary embodiments discussed herein, references 
to an initial pulse associated With an initial lightning leader 
may also include a series of subsequent pulses. For example 
a predetermined number of pulses, such as 5 or 10 pulses, 
from the ?rst part of the initial leader may be processed to 
provide veri?cation of a ?rst initial pulse. Or processing may 
include an average over several pulses to improve accuracy. 
Furthermore, a time sample may be on the order of a 
millisecond or more. Typically, prior to an initial discharge 
there is a period, typically at least about one hundred 
milliseconds, of relative quiet With respect to detected RF 
radiation. Exemplary embodiments can provide for periods 
of about a one-tenth second to 1 second before a system is 
ready to process another initial pulse or event. HoWever, the 
present invention includes alternative embodiments that 
continually process lightning events. 
As shoWn in FIG. 8, the master station 104 includes a 

control processor 142 and a display 144. Event information 
associated With an initial lightning discharge pulse is 
retrieved by the control processor 142 for processing and 
providing the processed information to the display 144 for 
vieWing by a user. The master station 104 polls each of the 
sensors 102 for event data and requests stored event data if 
any is present. The master station 104 processes event data 
acquired from the sensors 102 to determine a location of an 
event in three dimensions. The control processor 142 ?rst 
groups events according to the time of arrival (TOA) of the 
event. An algorithm may be used to determine the location, 
including altitude, of the initial lighting discharge corre 
sponding to the detected pulse (event) from the time differ 
ence of arrival (TDOA) of the detected pulses. Least mean 
square algorithms are used determine the most probable 
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location if there is more than one solution Which occurs if 
more than four sensors are used. Processed lightning event 
data is displayed on the display 144. The control processor 
142 in conjunction With the display 144 provides informa 
tion With respect to lightning stroke rate and the rate of 
change With respect to the lightning rate. The stroke rate and 
rate of change are available for IC and CG lightning 
individually, and for the total lightning rate, i.e., IC and CG 
lightning. 

FIG. 9 is an exemplary display 145 of collected initial 
lightning discharge information. As can be seen, the display 
145 shoWs areas of varying lightning intensity, such as loW 
haZard 146, medium haZard 148, and high haZard 150. It Will 
be appreciated that other display embodiments can include 
differentiation by color, or dimension. For example, a three 
dimensional display can provide altitude information. In an 
alternative embodiment, a single or multiple displays can 
provide information relating to tWo or more height ranges. 

The high resolution mapping and intensity determination 
of IC lightning provide the lightning detection system the 
ability to predict microburst events. Microbursts can be 
detected from IC lightning as discussed beloW, and disclosed 
in US. Pat. No. 4,996,473 to Markson et al., incorporated 
herein by reference. A microburst doWndraft is generally 
about 1—2 km in diameter, Within the resolution for the 
lightning detection system of the present invention. Since 
lightning is caused in part by updrafts in a convective cycle, 
it folloWs that along the perimeter of the updraft, IC light 
ning discharges begin. It is knoWn that a microburst is 
preceded by a an updraft, thus alloWing microburst predic 
tion based on IC lightning having certain characteristics, and 
in particular a sharp increase in the lightning discharge rate 
in a cell siZed region. In particular, there is a sharp mono 
tonic increase in lightning rate Which maximiZes about 5 to 
10 minutes before a maximum out?oW velocity associated 
With a microburst. For example, When the IC lightning rate 
increases to a rate of 5 strokes per minute, or more, folloWed 
by rate decay, there is a greater than 90% chance that a 
microburst Will occur. 

Pulse information also provides a measure of storm 
intensity derived from strokes per minute. In typical light 
ning detection systems, storm intensity cannot be measured 
because they cannot detect or locate most IC ?ashes. A 
lightning detection system according to the present inven 
tion provides storm intensity as a function of ?ashes per unit 
time. 

Cloud height is also an important factor in a determination 
of storm intensity. Lightning is proportional to the 5th poWer 
of cloud height. It folloWs that a 10% increase in cloud 
height, results in a 60% increase in lightning rate. The 
increase in cloud height may not be detected by radar. As air 
velocities in convective clouds are proportional to cloud 
height, vertical air motion (updraft velocities), are closely 
related to lightning rates. An advantage of accurate thun 
dercloud location includes the ability to alloW a plane to ?y 
under or around thunderclouds, thereby minimiZing air 
traffic interruptions. The cost, delay and frustration associ 
ated With Weather delays is Well knoWn. Thus, it Will be 
appreciated that a lightning detection system providing 
accurate lightning discharge altitudes provides a signi?cant 
advantage. 

Lightning information is used to provide haZardous 
Weather Warnings to aircraft. Dangers for aircraft near a 
thunder cloud include hail, icing, turbulence, microbursts 
and being hit by lightning. The amplitude ratio of CG to IC 
lightning is about 10:1 at about 10 kHZ, While above 1.5 
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WEATHER WARNING SYSTEM AND 
METHOD 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of US. patent applica 
tion Ser. No. 11/588,629, ?led Oct. 27, 2006, now US. Pat. 
No. 7,411,513 and entitled Weather Warning System and 
Method, Which is a continuation of US. patent application 
Ser. No. 10/131,281, ?led Apr. 22, 2002, now US. Pat. No. 
7,202,795 and entitled Weather Warning System and Method, 
the entire disclosures of Which are incorporated herein by 
reference. 

FIELD OF INVENTION 

The present invention relates to system and method for 
detecting a Weather condition. More speci?cally, the present 
invention relates to a system and method for detecting torna 
does by detecting and processing the electromagnetic signal 
generated by a tornado. 

BACKGROUND INFORMATION 

A tornado poses a great danger to persons and property in 
its vicinity. In the United States alone, tomadoes result in tens 
of millions of dollars in property damage every year. In addi 
tion, tomadoes result in the deaths of numerous people every 
year. 
One of the reasons that tornadoes are so dangerous is that 

they often occur very quickly and With very little discernible 
Warning. Lives can often be saved if a person in the path of a 
tornado can take shelter in a relatively safe place, e.g., a 
basement or shelter. Thus, to minimiZe the loss of life, it is 
advantageous to provide people in the vicinity of a tornado 
With the earliest possible Warning of the tornado, increasing 
the likelihood that the people Will be able to take shelter in 
time. 

It is Well-knoWn that tomadoes produce electromagnetic 
signals. Among the various conventional types of tornado 
Warning systems are several approaches that seek to detect 
tornadoes by detecting the electromagnetic signal generated 
by the tornado. For instance, US. Pat. No. 4,684,951 to 
Baumer (hereinafter referred to as “Baumer”) discloses a 
process and apparatus for monitoring Weather phenomena, 
such as tornadoes. The apparatus of Baumer receives multi 
band very loW frequency (“VLF”) electromagnetic radiation, 
i.e., 3 kHZ to 100 kHZ, in the atmosphere. The apparatus then 
splits the frequency into tWo bands, and compares the 
received frequencies With frequency values for knoWn atmo 
spheric events. 
US. Pat. No. 4,023,408 to Ryan et al. (Hereinafter referred 

to as “Ryan et al.”) discloses a storm mapping system that 
detects electrical disturbances generated by Weather phenom 
ena. The system of Ryan et al. receives electrical signals 
generated by the Weather phenomena in a predetermined 
frequency band. The system then employs the absolute signal 
intensity and provides a display of the signals to an observer 
so as to be relative to the signal’s magnitude. 
US. Pat. No. 4,812,825 to Kennedy et al. (Hereinafter 

referred to as “Kennedy et al.”) discloses a tornado Warning 
system that employs a superheterodyne receiver to detect 
electromagnetic signal generated by a tornado. The system of 
Kennedy et al. is tuned to a single frequency. If a signal of this 
frequency is detected by the system of Kennedy et al., at a 
predetermined strength for a predetermined length of time, an 
alarm is triggered. 
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2 
HoWever, none of these tornado Warning systems, nor other 

conventional tornado Warning systems that employ the elec 
tromagnetic signal generated by a tornado, adequately detect 
tornadoes. 

SUMMARY OF THE INVENTION 

According to one embodiment, the present invention 
relates to a device for detecting a Weather condition, particu 
larly a tornado. The device includes a receiver module con 
?gured to receive electromagnetic signal from an atmo 
sphere, particularly electromagnetic signal in the range of 1 
MHZ to 100 MHZ or in one or more smaller ranges betWeen 1 
MHZ to 100 MHZ. The device also includes a processing 
module coupled to the receiver module and con?gured to 
generate frequency spectrum data corresponding to the 
received electromagnetic signal, such as by performing a Fast 
Fourier Transform operation. 

Frequency spectrum data corresponding to the Weather 
condition desired to be detected is stored in a stored data 
module. Advantageously, the stored frequency spectrum data 
includes data corresponding to the Weather condition. The 
device also includes a comparison module for comparing, 
such as by performing a cross-correlation operation, the gen 
erated frequency spectrum data and the stored frequency 
spectrum data in order to determine Whether the Weather 
condition is present in the atmosphere. In addition, the device 
preferably includes an alarm module coupled to the compari 
son module that generates an alarm condition, e.g., a visual 
alarm signal and an audible alarm signal, When the compari 
son module determines that the Weather condition is present 
in the atmosphere. 
The device may also include an ampli?er module coupled 

to the receiver module that is con?gured to amplify the 
received electromagnetic signal, and an analog ?lter module 
that is con?gured to ?lter the received electromagnetic signal. 
Furthermore, the device may include an analog-to-digital 
converter module that is con?gured to convert the signal 
corresponding to the analog electromagnetic signal received 
by the receiver module to a digital signal for eventual pro 
cessing by the processing module. Various digital ?lters may 
also be employed to ?lter the digital signal prior to the digital 
signal being processed by the processing module. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the DraWings: 
FIG. 1 is a schematic diagram that illustrates some of the 

components of a device for detecting a Weather condition, in 
accordance With one embodiment of the present invention; 
and 

FIG. 2 is a schematic diagram that illustrates a system for 
detecting a Weather condition, according to one embodiment 
of the present invention. 

DETAILED DESCRIPTION 

According to various embodiments, the present invention 
relates to a device for detecting a tornado by novel and more 
sophisticated methods of: receiving and processing the elec 
tromagnetic signal generated by the tornado; storing data 
corresponding to a tornado; and providing an alarm condition 
When a tornado is detected. 

FIG. 1 is a schematic diagram that illustrates, according to 
one embodiment of the present invention, a device for detect 
ing a Weather condition. While the device is primarily 
intended to detect a tornado based on the electromagnetic 
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signal generated by a tornado, it is recognized that other types 
of Weather conditions may also generate electromagnetic sig 
nals, and the present invention is not intended to be limited to 
the detection of tornadoes only. 

As shoWn in FIG. 1, the device 10 may comprise a receiver 
module 15. Preferably, the receiver module 15 is con?gured 
to receive all electromagnetic signal betWeen 1 MHZ and 100 
MHZ. Alternatively, the receiver module 15 may be con?g 
ured to receive the electromagnetic signal in a smaller range 
betWeen 1 MHZ and 100 MHZ or in multiple smaller ranges 
betWeen 1 MHZ and 100 MHZ. According to one embodiment 
of the present invention, the receiver module 15 of the device 
10 may be a superheterodyne receiver, Which is con?gured to 
perform the three functions of carrier-frequency tuning to 
select a desired signal, ?ltering to separate the desired signal 
from other modulated signals, and ampli?cation to compen 
sate for the loss of signal poWer incurred in the course of 
transmission, some of Which features are introduced as sepa 
rate modules and discussed further beloW. 

The device 10 may also comprise an ampli?er module 20 
coupled to the receiver module 15. The ampli?er module 20 is 
con?gured to amplify the received electromagnetic signal. In 
addition, the device 10 may also comprise an analog ?lter 
module 25 coupled to the ampli?er module 20. The analog 
?lter module 25 is con?gured to ?lter the ampli?ed signal. 

The device 10 may also comprise an analog-to-digital con 
ver‘ter module 30 coupled to the analog ?lter module 25. The 
analog-to-digital converter module 30 is con?gured to dis 
cretiZe the analog signal, e.g., to divide the analog signal into 
discrete portions that can be employed as a digital signal. A 
?rst digital ?ltering module 35 is coupled to the analog-to 
digital converter module 30. The ?rst digital ?ltering module 
35 may be employed to remove noise from the signal gener 
ated by the analog-to-digital converter module 30 e.g., noise 
generated from broadcasting or from other sources. 

The device 10 also comprises a processing module 40. The 
processing module 40 is con?gured to process the signal 
received by the processing module 40. Speci?cally, the pro 
cessing module 40 is con?gured to generate frequency spec 
trum data corresponding to the signal received by the process 
ing module 40. In a preferred embodiment, the processing 
module 40 is con?gured to generate frequency spectrum data 
by performing a Fourier Transform operation, such as a Fast 
Fourier Transform operation, on the signal received by the 
processing module 40. A Fourier Transform operation is an 
operation that converts signal in the time domain, e. g., signal 
corresponding to the amplitude of the electromagnetic signal 
received by the receiver module 15, to signal in the frequency 
domain. The process of performing a Fourier Transform 
operation is described in greater detail in Soliman, Samir and 
Srinath, Mandyam, Continuous and Discrete Signals and 
Systems, p. 162-210, 329-366 (Second Edition, 1998), Which 
is incorporated by reference herein as fully as if set forth in its 
entirety. Generally, for a continuous -time signal, e. g., the 
analog signal received by the receiver module 15, the Fourier 
Transform of a signal X(t) is given as: 

For a discrete-time signal, e.g., the digital signals received 
by the processing module 40 after the analog signal has been 
converted to a digital signal by the analog-to-digital signal 
converter 30, the Fourier Transform of a signal X(t) is given 
as: 
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As previously mentioned, and in order to reduce the com 
putational burden required to generate the frequency spec 
trum data, the processing module 40 may be con?gured to 
perform a Fast Fourier Transform operation, such as a deci 
mation-in-time algorithm Which divides an input sequence of 
signal values into smaller sub-sequences, or a decimation-in 
frequency algorithm Which divides an output sequence of 
signal values into smaller sub-sequences. The process of per 
forming a Fast Fourier Transform operation is described in 
greater detail in Soliman, Samir and Srinath, Mandyam, Con 
tinuous and Discrete Signals and Systems, p. 428-435 (Sec 
ond Edition, 1998), Which is incorporated by reference herein 
as fully as if set forth in its entirety. 

The device 10 may also comprise a second digital ?ltering 
module 45 coupled to the processing module 40. The second 
digital ?ltering module 45 may be con?gured to remove noise 
from the frequency spectrum data that Was part of the original 
analog signal or that Was generated by the processing module 
40, e. g., noise generated from broadcasting or from other 
sources. The device 10 also comprises a stored data module 
55. The stored data module 55 stores frequency spectrum data 
corresponding to a Weather condition, such as frequency 
spectrum data corresponding to a tornado. In a preferred 
embodiment, the stored data module 55 stores Fast Fourier 
Transform data corresponding to one or more tornadoes. 
Alternatively, the stored data module 55 may include data 
corresponding to pre-determined electromagnetic signal lim 
its. 

The device 10 also comprises a comparison module 50 
coupled to the second digital ?lter module 45 and to the stored 
data module 55. Alternatively, in the event that the second 
digital ?ltering module 45 is not employed, the comparison 
module 50 may be coupled to the processing module 40 and 
to the stored data module 55. The comparison module 50 is 
con?gured to compare the frequency spectrum data received 
by the comparison module 50 from either the second digital 
?lter module 45 or the processing module 40 With frequency 
spectrum data stored in the stored data module 55. According 
to one embodiment of the present invention, the comparison 
module 50 is con?gured to perform a cross-correlation opera 
tion on the frequency spectrum data received by the compari 
son module 50. Cross-correlation is a measure of similarity 
betWeen tWo different functions that involves “sliding” one 
function past another function and ?nding an area under the 
resulting product. The process of cross-correlating tWo func 
tions is described in greater detail in Ambardar, Ashok, Ana 
log and Digital Signal Processing, p. 156-188 (Second Edi 
tion, 1999), Which is incorporated by reference herein as fully 
as if set forth in its entirety. Generally, the discrete cross 
correlation of x[n] and h[n] is given by: 
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According to one embodiment of the present invention, the 
comparison module 50 is con?gured to perform a scaling 
operation before performing the comparison operation. For 
instance, the comparison module 50 may be con?gured to 
scale the frequency spectrum data generated by the process 
ing module 40 or received by the comparison module 50 
betWeen the values of 0 and l.Advantageously, the frequency 
spectrum data stored by the stored data module 55 is also 
scaled betWeen the values of 0 and 1, although alternative 
embodiments may store, in stored data module 55, both 
scaled and unscaled frequency spectrum data. Thus, the com 
parison module 50 may perform the comparison operation 
using tWo sets of frequency spectrum data that are scaled 
betWeen the values of 0 and 1. Alternatively, the comparison 
module 50 may be con?gured to scale the frequency spectrum 
data generated by the processing module 40 or received by the 
comparison module 50 betWeen tWo values other than 0 and l . 
In this embodiment, the frequency spectrum data stored by 
the stored data module 55 is also scaled betWeen the same tWo 
values so that the comparison module 50 may perform the 
comparison operation using tWo sets of frequency spectrum 
data that are identically scaled. 

The device 10 may also comprise an alarm module 60 
coupled to the comparison module 50. The alarm module 60 
is con?gured to generate an alarm condition, e.g., to provide 
an alarm signal, When a comparison performed by the com 
parison module 50 is positive. According to one embodiment 
of the present invention, a comparison may be positive if the 
comparison module 50 determines that the frequency spec 
trum data received by the comparison module 50 from either 
the second digital ?lter module 45 or the processing module 
40 is equal to the frequency spectrum data stored in the stored 
data module 55. Alternatively, a comparison may be positive 
if the comparison module 50 determines that a difference 
betWeen the frequency spectrum data received by the com 
parison module 50 from either the second digital ?lter module 
45 or the processing module 40 and the frequency spectrum 
data stored in the stored data module 55 is Within a predeter 
mined range. According to still another embodiment of the 
present invention, the alarm module is con?gured to generate 
an alarm condition in accordance With any of the above 
described embodiments only if the condition of generating 
the alarm condition has a duration that equals or exceeds a 
predetermined length of time. 

Preferably, the alarm module 60 provides either a visual 
alarm signal or an audible alarm signal, or both, When the 
alarm condition is generated. In addition, according to vari 
ous embodiments of the present invention, the alarm signal 
generated by the alarm module 60 may be adjustable by a 
user, or may be sWitched “on” or “off” by a user. In still 
another embodiment of the present invention, the alarm mod 
ule 60 may be con?gured to adjust the alarm signal so as to 
correspond to the results of the comparison performed by the 
comparison module 50. For instance, in one embodiment, the 
alarm module 60 may be con?gured to provide a loud audible 
alarm signal if, as determined by the comparison module 50, 
the generated frequency spectrum data is equal to or very 
similar to frequency spectrum data stored in the stored data 
module 55, While the alarm module 60 may be con?gured to 
provide a more quiet audible alarm signal, or none at all, if the 
generated frequency spectrum data is less similar to fre 
quency spectrum data stored in the stored data module 55. 

In addition, according to one embodiment of the present 
invention, the device 10 may also include a proximity deter 
mination module 65 coupled to the alarm module 60 and to 
the receiver module 15. The proximity determination module 
65 is con?gured to determine a magnitude of the electromag 
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netic signal received by the receiver module 15. In addition, 
the proximity determination module 65 is con?gured to deter 
mine, based upon the magnitude of the electromagnetic sig 
nals received by the receiver module 15, the proximity of the 
Weather condition relative to the device 1 0. For instance, if the 
proximity determination module 65 determines that the mag 
nitude of the electromagnetic signals received by the receiver 
module 15 is relatively loW, then the proximity determination 
module 65 may also determine that the Weather condition is a 
relatively far distance from the device 10. Likewise, if the 
proximity determination module 65 determines that the mag 
nitude of the electromagnetic signal received by the receiver 
module 15 is relatively high, then the proximity determina 
tion module 65 may also determine that the Weather condition 
is a relatively close distance from the device 10. 

According to one embodiment of the present invention, the 
proximity determination module 65 is coupled to the alarm 
module 60 so as to cause the alarm module 60 to vary its alarm 
signal relative to the proximity determination. For instance, if 
the proximity determination module 65 determines that the 
magnitude of the electromagnetic signal received by the 
receiver module 15 is relatively loW, e.g., that the Weather 
condition is relatively far aWay from the device 10, then the 
proximity determination module 65 may provide a signal to 
the alarm module 60 that causes the alarm module 60 to 
generate a relatively quiet audible alarm signal. Likewise, if 
the proximity determination module 65 determines that the 
magnitude of the electromagnetic signal received by the 
receiver module 15 is relatively high, e.g., that the Weather 
condition is a relatively close distance from the device 10, 
then the proximity determination module 65 may provide a 
signal to the alarm module 60 that causes the alarm module 60 
to generate a relatively loud audible alarm signal. 

According to one embodiment of the present invention, the 
proximity determination module 65 is con?gured to deter 
mine the proximity of the Weather condition relative to the 
device 10 as a function of the magnitude of the received 
electromagnetic signal. For instance, according to one 
embodiment, the magnitude of the electromagnetic signal 
received by the device 10 is predetermined by the proximity 
determination module 65 to be approximately proportional to 
the inverse of the square root of the distance betWeen the 
Weather condition and the device 10, such that upon measur 
ing the magnitude of the received electromagnetic signal, the 
proximity determination module 65 determines the proximity 
of the Weather condition in accordance thereWith. According 
to another embodiment of the present invention, a rate of 
increase (or decrease) of the magnitude of the electromag 
netic signal, as measured by the proximity determination 
module 65, is employed by the proximity determination mod 
ule 65 in order to determine the proximity of, and/or the 
change in the proximity of, the Weather condition relative to 
the device 10 . Alternatively, the magnitude of the electromag 
netic signals, as measured by the proximity determination 
module 65, is compared to predetermined values stored in a 
data storage module (not shoWn) of the proximity determina 
tion module 65, in order to determine the proximity of the 
Weather condition relative to the device 10. 

In another embodiment of the present invention, the device 
10 may comprise a movement determination module 70 
coupled to the comparison module 50. The movement deter 
mination module 70 is con?gured to determine a change, or a 
rate of change, in the frequency spectrum data corresponding 
to received electromagnetic signal, in order to determine a 
speed and/ or trajectory of the Weather condition. For 
instance, the movement determination module 70 may be 
con?gured to process frequency spectrum data corresponding 

Case 3:15-cv-00394-G   Document 1-2   Filed 02/06/15    Page 7 of 10   PageID 37



US 7,688,214 B1 
7 

to the electromagnetic signal received in a ?rst time interval 
and frequency spectrum data corresponding to the electro 
magnetic signal received in a second, or subsequent, time 
interval for the purposes of determining the change, or the rate 
of change, in the frequency spectrum data. The frequency 
spectrum data that is obtained in each successive iteration 
may be stored, either temporarily or permanently, in the 
stored data module 55, in data storage modules of the com 
parison module 50 or the movement determination module 
70, or in some other discrete data storage module (not shoWn). 
The change, or the rate of change, may be further processed in 
order to determine a speed and/or trajectory of the Weather 
condition. 

It should be understood that each of the modules described 
above may be a discrete hardWare component, circuit, etc., or 
else may be softWare or any combination of hardWare and 
softWare that is con?gured or programmed to perform the 
function of the module as described above. It should also be 
understood that each of the modules may all be integral in a 
single unit, or else some or all of the modules may be disposed 
separately and may communicate With each other via any type 
of conceivable communication arrangement. Furthermore, it 
should be understood that all or at least one of the modules 
described above may be integral, e.g., disposed in a single 
housing, With a device for performing a different, unrelated 
function. For instance, according to one embodiment of the 
present invention, the device 10 is integral With another type 
of alarm, such as a smoke detector/?re alarm, a carbon mon 
oxide detector, a home security device, etc. 

In operation, the device 10 of the present invention, in 
accordance With the embodiment shoWn in FIG. 1, receives 
via receiver module 15 all electromagnetic signal between 1 
MHZ and 100 MHZ. Alternatively, the receiver module 15 
receives an analog electromagnetic signal in a smaller range 
betWeen 1 MHZ and 100 MHZ or in multiple smaller ranges 
betWeen 1 MHZ and 100 MHZ. The ampli?er module 20 
ampli?es the received analog electromagnetic signal, and the 
analog ?lter module 25 ?lters the ampli?ed signal. 

The analog-to-digital converter module 30 discretiZes the 
analog signal by dividing the analog signal into discrete por 
tions that can be employed as a digital signal. The ?rst digital 
?ltering module 35 ?lters the digital signal in order to remove 
noise from the signal generated by the analog-to-digital con 
verter module 30. The processing module 40 generates fre 
quency spectrum data corresponding to the signal received by 
the processing module 40. As discussed above, according to 
one embodiment of the present invention, the processing 
module 40 generates the frequency spectrum data by per 
forming an operation such as a Discrete Fourier Transform 
operation or a Fast Fourier Transform operation. 

The second digital ?ltering module 45 ?lters the frequency 
spectrum data generated by the processing module 40 in order 
to remove noise from the frequency spectrum data. The com 
parison module 50 receives frequency spectrum data from 
both the second digital ?lter module 45 and from the stored 
data module 55, and performs a comparison operation, such 
as a cross-correlation operation. Prior to the comparison 
operation, the comparison module 50 or another module may 
perform a scaling function in order to scale the frequency 
spectrum data received by the comparison module 50 from 
the second digital ?lter module 45 and from the stored data 
module 55. If a comparison performed by the comparison 
module 50 is positive, e.g., if the comparison module 50 
determines that the frequency spectrum data received by the 
comparison module 50 from the second digital ?lter module 
45 is of su?icient similarity to the frequency spectrum data 
stored in the stored data module 55, the alarm module 60 
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generates an alarm condition. According to one embodiment 
of the present invention, the alarm module 60 generates the 
alarm condition by providing an alarm signal, such as a visual 
alarm signal or an audible alarm signal. 

In an alternative embodiment, a plurality of devices, such 
as the device 10 described above, may be employed in a 
Weather condition detection/Warning system. FIG. 2 is a sche 
matic diagram that illustrates a Weather condition Warning 
system 100 that employs several devices 10. For the purpose 
of clarity, the devices 1 Oa and 1 Ob are each shoWn in FIG. 
2 Without illustrating the features shoWn in FIG. 1. It should 
be understood that, While only tWo devices 10 are illustrated 
in FIG. 2, any number of such devices may be employed in 
system 100. Each of the devices 1011 and 10b include a 
receiver module, such as receiver module 15 illustrated in 
FIG. 1. 
The system 100 also comprises a central processor module 

105. The central processor module 105 is coupled to the 
devices 1011 and 10b by either a public-sWitched telephone 
netWork (“PSTN”) 110 or via Internet 115, respectively. The 
PSTN 110 may be Wired or Wireless, or any combination 
thereof. It is noted that, While the PSTN 110 and the Internet 
115 are illustrated in FIG. 2, the communication means by 
Which the devices 1011 and 10b and the central processor 
module 105 may communicate can be any conceivable mode 
of communication capable of transmitting the appropriate 
data therebetWeen. According to one embodiment of the 
present invention, the central processor module 105 is con 
?gured to perform a positioning function, such as by using 
triangulation, or a higher order or a variable order positioning 
algorithm. 
Though not shoWn in FIG. 2, the system 100, according to 

one embodiment of the present invention, includes at least the 
analog-to-digital ?lter module, the processing module, the 
comparison module, the stored data module and the alarm 
module as illustrated in FIG. 1. HoWever, the system 100 may 
be con?gured such that any of these modules may be located 
in either the device 10 or in the central processor 105. In such 
an embodiment, e. g., one in Which one or more of the modules 
illustrated in FIG. 1 is located in the central processor module 
105 rather than in the device 10, the system 100 is further 
con?gured to communicate the appropriate data betWeen the 
modules of the device 10 and the central processor module 
105 so that each of the modules receives, processes and trans 
mits the data in the manner described above With respect to 
FIG. 1. Advantageously, the central processor module 105 
may include modules such as the processing module 40, the 
comparison module 50 and the stored data module 55, 
thereby reducing the space and the expense required to pro 
vide such modules in each of the devices 1011 and 10b. 
The system 100 may also include the ampli?er module, the 

analog ?lter module, the digital ?lter modules, the proximity 
determination module and the movement determination mod 
ule as illustrated in FIG. 1. Again, according to various 
embodiments of the present invention, any or all of these 
modules may be located in either the devices 1011 and 10b or 
in the central processor module 105. 
The system may also include, according to one embodi 

ment of the present invention, a map generation module 120, 
coupled to the central processor module 105. The map gen 
eration module 120 is con?gured to generate a map that 
shoWs the position of a Weather condition, such as a tornado. 
In order to generate the map, the map generation module 120 
may employ stored geographical data anduser-provided loca 
tion data in a manner similar to knoWn map generation sys 
tems such as MAPQUESTRTM. According to one embodi 
ment of the present invention, the system 100 includes a 
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central display module 125 coupled to the map generation 
module 120. Advantageously, the central display module 125 
is a display screen, computer monitor or the like located at a 
central Weather monitoring facility, such as a tornado Watch 
facility. In this embodiment, the map generation module 120 
may display on the central display module 125 a map of a 
particular geographical area, Which may be a ?xed geographi 
cal area or may be selectable by a user, as Well as a represen 
tation of a Weather condition determined by the system 100 to 
be present in the geographical area. Thus, if a central display 
module 120 is located in for example, Little Rock, Ark., the 
geographical area displayed by the central display module 
120 may correspond automatically to Little Rock, Ark., and 
the nearby vicinity, or else may be selected by a user to 
correspond to other regions from Which Weather condition 
data is received. 

According to another embodiment of the present invention, 
the system 100 may include a local display module 130 
coupled via Internet 115 or by some other communication 
means (not shoWn) to the map generation module 120. 
Advantageously, the local display module 130 is a display 
screen, computer monitor or the like that is not located at a 
central Weather monitoring facility, but may instead be 
located at a distance from a central Weather monitoring facil 
ity, e.g., a residence or a place of business. For instance, the 
local display module 130 may be the monitor of a user’ s home 
computer. In this embodiment, the map generation module 
120 may further to con?gured to generate an Internet site 
accessible by a remote user in order to display, on the local 
display module 130, a map of a particular geographical area 
corresponding to the local display module 130. The geo 
graphical area to be displayed on the local display module 130 
may be determined by the map generation module 120 by 
processing data entered by the user at the local display mod 
ule, e.g., the user enters a Zip code in response to a user 
prompt. Alternatively, the geographical area to be displayed 
on the local display module 130 may be determined by the 
map generation module 120 by processing data such as a 
cookie generated by the user’s computer When the user logs 
onto the Internet site associated With the map generation 
module 120. In addition to the map of the geographical area 
corresponding to the user, the map generation module 120 
also displays on the local display module 130 a visual repre 
sentation of the Weather condition determined by the system 
100 to be present in the geographical area. In order to provide 
a user With still more information for determining the user’s 
proximity to the Weather condition, the map generation mod 
ule 120 may also be con?gured to generate, for display on the 
local display module 130, an indicator that indicates the 
user’s location relative to the geographical area displayed. 
For instance, the map generation module may include an 
arroW or the like that provides a “You Are Here” designation. 
In this manner, When the system 100 determines the location 
of a person accessing the Internet site generated by the map 
generation module 120, the map generation module 120 is 
con?gured to display for the user, on the user’s local display 
module 130, a map of the geographical area corresponding to 
the user’ s location, an indicator that indicates the user’ s loca 
tion in the geographical area, and a visual representation of 
the Weather condition, e.g., tornado, that indicates the 
Weather condition’s location in the geographical area. 

The system 100 may also include an automated Warning 
feature. For instance, according to one embodiment of the 
present invention, the central processor module 105 is con 
?gured, upon determining that a Weather condition is present 
in a particular geographical area, to generate and transmit a 
Warning of the Weather condition to people located in the 
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geographical area. FIG. 2 illustrates a geographical data mod 
ule 135 coupled to the central processor module 105 and that 
may be con?gured, according to one embodiment of the 
present invention, to provide telephone numbers of persons 
located in one or more geographical areas. The central pro 
cessor module 105 may employ these telephone numbers to 
generate Warning telephone calls, via PSTN 110, to tele 
phones, such as telephone 12a, located Within the geographi 
cal area or Within a predetermined distance from the geo 
graphical area. Of course, it should be understood that the 
central processor module 105 may be con?gured to provide 
such Warnings via any conceivable means of communication, 
e.g., Internet, beepers, pagers, emergency broadcast system, 
etc., and that the present invention is not intended to be 
limited to the mode of communication illustrated in FIG. 2. 

Thus, the present invention, according to various embodi 
ments thereof, provides a Weather condition detection sys 
tem, particularly Well-suited for the detection of tornadoes, 
that employs the unique combination of a receiver that 
receives all electromagnetic signal betWeen a range, e.g., 1 
MHZ to 100 MHZ, that processes the signal received in order 
to generate a frequency spectrum, and that performs a com 
parison operation, e.g., a cross-correlation operation, in order 
to compare the frequency spectrum With frequency spectrum 
data corresponding to knoWn tornado activity. Thus, unlike 
conventional systems that typically receive and process the 
signal of a single frequency, the present invention has a com 
bination of features that receive and process a Wide range of 
signal frequencies, in substantially continuous fashion, in 
order to perform a much more sophisticated analysis of the 
electromagnetic signals. In addition, the conventional tor 
nado Warning systems do not provide for a device that com 
bines a proximity determination circuit, a tornado movement 
module, or that can be incorporated into a multi-device tor 
nado Warning system. Furthermore, the conventional tornado 
Warning systems may not provide the affordability and port 
ability of a device that can be incorporated into another alarm, 
such as a ?re or smoke alarm. 

Thus, the several aforementioned objects and advantages 
of the present invention are most effectively attained. Those 
skilled in the art Will appreciate that numerous modi?cations 
of the exemplary embodiments described herein above may 
be made Without departing from the spirit and scope of the 
invention. Although various exemplary embodiments of the 
present invention have been described and disclosed in detail 
herein, it should be understood that this invention is in no 
sense limited thereby and that its scope is to be determined by 
that of the appended claims. 
We claim: 
1. A method of determining a proximity of a Weather con 

dition, the method comprising: 
(a) detecting an occurrence of the Weather condition by 

comparing frequency spectrum data corresponding to an 
electromagnetic signal generated by the occurrence of 
the Weather condition With stored frequency spectrum 
data corresponding to one or more previous instances of 
the Weather condition; 

(b) calculating a magnitude of the electromagnetic signal; 
and 

(c) determining the proximity of the occurrence of the 
Weather condition based on the magnitude of the elec 
tromagnetic signal. 

2. The method of claim 1, further comprising: 
(d) producing an alarm for a particular geographic area 
When the proximity of the Weather condition is less than 
a predetermined distance from the particular geographic 
area. 
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3. The method of claim 1, further comprising: 
(d) calculating a rate of change of the magnitude of the 

electromagnetic signal; and 
(e) determining a change in the proximity of the occurrence 

of the Weather condition from the rate of change of the 
magnitude of the electromagnetic signal. 

4. The method of claim 3, Wherein the rate of change of the 
magnitude of the electromagnetic signal is calculated using 
electromagnetic signals generated by the occurrence of the 
Weather condition at least at one different time after the 
detecting in step (a). 

5. The method of claim 1, Wherein the proximity of the 
occurrence of the Weather condition is determined by com 
paring the magnitude of the electromagnetic signal With pre 
determined values of magnitudes that correspond to a knoWn 
measure of proximity for the Weather condition. 

6. A method of providing information related to a proxim 
ity of a user to an occurrence of a Weather condition, the 
method comprising: 

(a) detecting the occurrence of the Weather condition in a 
geographic area using frequency spectrum data, Wherein 
the frequency spectrum data corresponds to an electro 
magnetic signal generated by the occurrence of the 
Weather condition; and 

(b) providing a visual representation of the occurrence of 
the Weather condition indicating the location of the 
occurrence of the Weather condition in the geographic 
area. 

7. The method of claim 6, further comprising: 
(c) providing an indication of the location of the user in the 

geographic area. 
8. The method of claim 7, Wherein the visual representation 

of the occurrence of the Weather condition and indication of 
the location of the user are displayed on a map including the 
geographic area. 
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9. The method of claim 6, Wherein the geographic area is 

automatically determined based on processing data from a 
computer associated With the user. 

10. The method of claim 9, Wherein the geographic area is 
determined based on data input by the user. 

11. The method of claim 6, Wherein the Weather condition 
is a tornado. 

12. A system for detecting an occurrence of a Weather 
condition, the system comprising: 

a receiver for receiving an electromagnetic signal gener 
ated by the occurrence of the Weather condition; 

a data storage module for storing stored frequency spec 
trum data corresponding to one or more previous 
instances of the Weather condition; and 

a processor module for detecting the occurrence of the 
Weather condition by comparing frequency spectrum 
data corresponding to the electromagnetic signal gener 
ated by the occurrence of the Weather condition With the 
stored frequency spectrum data, calculating a magnitude 
of the electromagnetic signal, and determining a prox 
imity of the occurrence of the Weather condition based 
on the magnitude of the electromagnetic signal. 

13. The system of claim 12, further comprising: 
a map generation module for providing an visual represen 

tation of the Weather condition indicating the location of 
the Weather condition in a geographic area. 

14. The system of claim 13, Wherein the map generation 
module further provides an indication of the location of the 
user in the geographic area. 

15. The system of claim 12, further comprising: 
a transmitter for transmitting an indication of the occur 

rence of the Weather condition. 
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