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A method of selectively displaying an image representative 
of a weather condition in relation to an aircraft includes 
selecting , on a display screen , a display area to display 
weather data based on the location of the aircraft , selecting 
a weather condition to display from among a plurality of 
weather conditions , determining if any weather conditions 
are available to be displayed outside the selected display 
area and if the weather conditions should be displayed 
outside the selected display area based on the location of the 
aircraft and the severity of the non - selected weather condi 
tions , receiving , from a weather data source , weather data 
representative of the selected weather condition with respect 
to the selected display area , and receiving weather data 
representative of weather conditions that should be dis 
played outside the selected display area , the weather data 
including location data for the weather conditions , and 
displaying the image representative of the selected weather 
condition within the selected display area and the weather 
conditions that should be displayed outside the selected 
display area , the image based on the received weather data . 
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EFFICIENT RETRIEVAL OF AVIATION tionally , the range of aircraft - based weather radar systems is 
DATA AND WEATHER OVER LOW typically limited to about 300 nautical miles , and typically 

BANDWIDTH LINKS most effective within about 80 - 100 nautical miles . Further , 
aircraft - based weather radar systems may be subject to 

BACKGROUND 5 ground clutter when the radar beam intersects with terrain , 
or to path attenuation due to intense precipitation or rainfall . 

The present disclosure relates generally to the field of Information provided by aircraft weather radar systems 
navigation display systems . More particularly , the present may be used in conjunction with weather information from 
invention relates to a display system and method configured other aircraft or ground - based systems to , for example , 
to optimize data sent over low bandwidth links to provide 10 improve range and accuracy and to reduce gaps in radar 
improved communications and display systems in aircrafts . coverage . For example , the National Weather Service WSR 

Displays are utilized in a wide variety of applications 88D Next Generation Radar ( NEXRAD ) weather radar 
including but not limited to medical , military , avionic , system is conventionally used for detection and warning of 
entertainment and computing applications . In one exemplary severe weather conditions in the United States . NEXRAD 
application , displays are used in avionics to provide opera - 15 data is typically more complete than data from aircraft - based 
tors of vehicles , such as pilots or navigators , of information weather radar systems due to its use of volume scans of up 
relating to weather and other aviation events . In some to 14 different elevation angles with a one degree beam 
aircraft applications , instead of or in addition to analog dials width . Similarly , the National Lightning Detection Network 
and gauges , display screens provide the pilot with informa - ( NLDN ) may typically be a reliable source of information 
tion about the situation of the aircraft , such as altitude , 20 for weather conditions exhibiting intense convection . 
speed , and directional headings . Displays may also provide Weather satellite systems , such as the Geostationary Opera 
the pilot with navigation information , such as weather , tional Environmental Satellite system ( GOES ) and Polar 
no - fly zones , or other aviation events , as well as communi Operational Environmental Satellite system ( POES ) are also 
cation data between other aircraft , airports , or other ground primary sources of data used for weather analyses and 
based systems . 25 forecasts . 
Many aircraft have on - board instruments that gather Providing weather radar information from ground - based 

information to be displayed in the cockpit , such as weather systems to aircraft - based systems may increase the range 
radar systems . Such weather radar systems typically include and accuracy of aircraft - based systems in certain conditions . 
an antenna , a receiver transmitter , a processor , and a display . A key issue with aircrafts collecting radar data from ground 
The system transmits radar pulses and receives radar return 30 based systems relates to image quality . For example , due to 
signals indicative of weather conditions . Conventional the limited bandwidth and throughput over systems such as 
weather radar systems , such as the WXR 2100 MULTI - ACARS , manufacturers often inhibit the amount of infor 
SCAN radar system manufactured by Rockwell Collins , mation provided to cockpits in an effort to simplify data 
Inc . , have Doppler capabilities and are capable of detecting transmission size and reduce computational complexity . In 
parameters such as weather range , weather reflectivity , 35 some instances , cockpit graphics manufacturers impose 
weather velocity , and weather spectral width or velocity limitations on image quality , for example , by removing 
variation . Weather radar systems may also detect outside air pertinent information from images , by displaying weather 
temperature , winds at altitude , INS G loads ( in - situ turbu - patterns larger than actual size to show more detail , or by 
lence ) , barometric pressure , humidity , etc . over compressing images prior to transmission . Also , to 
Weather radar signals are processed to provide graphical 40 reduce the size of transmitted images , color pallets used to 

images to a radar display . The radar display is typically a depict weather patterns are often reduced from as many as 
color display providing graphical images in color to repre - forty - eight colors to as few as four colors . Coverage regions 
sent the severity of the weather . Some aircraft systems also may also be predefined such that the user must select and 
include other hazard warning systems such as a turbulence receive data in regions with little or no relevance to the 
detection system . The turbulence detection system can pro - 45 intended flight path . Similarly , coverage areas may also be 
vide indications of the presence of turbulence or other limited such that some products are not available in certain 
hazards . Conventional weather display systems are config - regions . 
ured to display weather data in two dimensions and often Such image quality issues are further compounded by the 
operate according to ARINC 453 and 708 standards . A types of graphics transmitted to aircraft from ground - based 
horizontal plan view provides an overview of weather 50 systems . Current systems typically employ graphic format 
patterns that may affect an aircraft mapped onto a horizontal types that require little computer processing capabilities , 
plane . Generally the horizontal plan view provides images such as raster scan graphics . Most modern computer dis 
of weather conditions in the vicinity of the aircraft , such as plays employ raster graphics in which each on - screen pixel 
indications of precipitation rates . Red , yellow , and green directly corresponds to data stored in memory . The display 
colors are typically used to symbolize areas of respective 55 is refreshed by scanning through pixels and determining an 
precipitation rates , and black color symbolizes areas of very appropriate color for each individual pixel according to the 
little or no precipitation . Each color is associated with radar stored data . Raster graphic images include images stored in 
reflectivity range which corresponds to a respective precipi - common file types such as GIF , JPEG / JIFF , JPEG 2000 , 
tation rate range . Red indicates the highest rates of precipi - PNG , Exif , TIFF , RAW , and BMP , among others . One 
tation while green represents the lowest ( non - zero ) rates of 60 drawback of raster graphics is that image file size directly 
precipitation . Certain displays may also utilize a magenta correlates to the number of pixels in an image and the 
color to indicate regions of turbulence . image ' s color depth . Accordingly , some current image trans 

While aircraft - based weather radar systems may typically mission and display systems reduce file sizes and image 
provide the most timely and directly relevant weather infor - quality by limiting the number of colors used or compress 
mation to the aircraft crew based on scan time of a few 65 ing images before transmission . As opposed to raster graph 
seconds , their performance may be limited in several ways . ics , vector image formats contain a geometric description 
First , typical radar beam widths are 3 to 10 degrees . Addi which can be rendered smoothly at different desired display 
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sizes . Instead of defining the color of each pixel on a display , area and the weather conditions that should be displayed 
vector image formats define images based on vectors that are outside the selected display area , the image based on the 
led through control points . For example , a vector image may received weather data . 
be defined as a series of instructions to draw images by Another exemplary embodiment relates to an aircraft 
defining the position and arrangement of control points that 5 weather radar system that includes a processor , a display , 
are connected by lines or shapes that , when combined and memory . The memory contains program instructions 
together , define an image . Benefits of storing images in that , when executed , cause the processor to transmit to a 
vector format can include smaller file sizes than raster image weather data source a selected display area to display 
files , an ability to scale vector images to almost any size weather products , the weather products selected from a 
without a reduction in quality , and the ability to transmit 10 plurality of available weather products , receive weather data 
additional information ( e . g . , metadata ) in the image file from the weather data source , including weather data rep 

Current aircraft - based systems typically provide weather resentative of the selected weather products with respect to 
displays with limited information that often require the the selected display area , and weather data representative of 
aircraft crew to form mental images of actual weather or weather products available outside the selected display area , 
other aviation events rather than actually viewing an accu - 15 the weather data including location data for the weather 
rate image . There is an ongoing need for improved weather products , and display the selected weather products in the 
radar display systems and methods that display weather selected display area and the weather products available 
conditions and other aviation events using improved graph - outside the selected display area , wherein the selected dis 
ics . There is yet further need for improved weather radar play area is separately identified from the area outside the 
display systems and methods that display weather condi - 20 selected display area , and wherein the selected display area 
tions and other aviation events in selected regions relevant automatically and simultaneously changes location based on 
to the aircraft . There is further need for improved weather the movement of the aircraft . 
radar display systems and methods that provide flight crew 
with varying levels of display options . BRIEF DESCRIPTION OF THE DRAWINGS 

25 

SUMMARY The disclosure will become more fully understood from 
the following detailed description , taken in conjunction with 

An exemplary embodiment relates to a method of selec - the accompanying drawings , wherein like reference numer 
tively displaying an image representative of a weather als refer to like elements , in which : 
condition in relation to an aircraft . The method includes 30 FIG . 1A is a perspective view schematic of an exemplary 
selecting , on a display screen , a display area to display aircraft control center or cockpit ; 
weather data based on the location of the aircraft , selecting FIG . 1B is a side view schematic illustration of the front 
a weather condition to display from among a plurality of of an exemplary aircraft with an aircraft control center and 
weather conditions , determining if any weather conditions nose ; 
are available to be displayed outside the selected display 35 FIG . 2 is a more detailed block diagram of the exemplary 
area and if the weather conditions should be displayed weather radar system of FIG . 1 ; 
outside the selected display area based on the location of the FIG . 3 is a diagram of an exemplary aircraft communi 
aircraft and the severity of the non - selected weather condi cations system ; 
tions , receiving , from a weather data source , weather data FIG . 4A is a block diagram of an exemplary weather radar 
representative of the selected weather condition with respect 40 system : 
to the selected display area , and receiving weather data FIG . 4B is a data flow diagram of an exemplary weather 
representative of weather conditions that should be dis - radar system ; 
played outside the selected display area , the weather data FIG . 5A is an illustration of a display screen for selec 
including location data for the weather conditions , and tively displaying weather and aviation events according to 
displaying the image representative of the selected weather 45 one embodiment ; 
condition within the selected display area and the weather FIG . 5B is an illustration of a display screen for selec 
conditions that should be displayed outside the selected tively displaying weather and aviation events according to 
display area , the image based on the received weather data . another embodiment ; 

Another exemplary embodiment relates to an aircraft FIG . 5C is an illustration of a display screen for selec 
weather radar system that includes a processor , a display , 50 tively displaying weather and aviation events according to 
and memory . The memory contains program instructions yet another embodiment ; 
that , when executed , cause the processor to select a display 
area to display weather data based on the location of an DETAILED DESCRIPTION 
aircraft , select a weather condition to display within the 
selected display area from among a plurality of weather 55 Before turning to the figures , which illustrate the exem 
conditions , determine if any weather conditions are avail - plary embodiments in detail , it should be understood that the 
able to be displayed outside the selected display area and if application is not limited to the details or methodology set 
the weather conditions should be displayed outside the forth in the description or illustrated in the figures . It should 
selected display area based on the location of the aircraft and also be understood that the terminology is for the purpose of 
the severity of the weather conditions , receive , from a 60 description only and should not be regarded as limiting . As 
weather data source , weather data representative of the discussed below , the systems and methods can be utilized in 
selected weather condition with respect to the selected a number of display devices for various types of applications 
display area and weather data representative of weather or sensing systems . In some embodiments , the systems and 
conditions that should be displayed outside the selected methods of the present disclosure may be used for a flight 
display area , the weather data including location data for the 65 display of an aircraft . According to various other exemplary 
weather conditions , and display an image representative of embodiments , the systems and methods of the present dis 
the selected weather condition within the selected display closure may be used by any system in any other embodiment 
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for rendering computer graphics and displaying an output interface with or change the displays of flight displays 20 . UI 
( e . g . , in another aircraft or spacecraft , a ground - based elements 22 may additionally be used to acknowledge or 
vehicle , or in a non - vehicle application such as a ground - dismiss an indicator provided by flight displays 20 . Further , 
based weather radar system . UI elements 22 may be used to correct errors on the 

Referring to FIG . 1A , an exemplary aircraft control center 5 electronic display . Other UI elements 22 , such as indicator 
or cockpit 10 for an aircraft is shown . Aircraft control center lights , displays , display elements , and audio alerting 
10 may include one or more flight displays 20 . Flight devices , may be configured to warn of potentially threaten 
displays 20 may be implemented using any of a variety of ing conditions such as severe weather , terrain , obstacles , etc . 
display technologies , including CRT , LCD , organic LED , Referring to FIG . 1B , a side - view of an exemplary aircraft 
dot matrix display , and others . Flight displays 20 may be 10 30 with aircraft control center 10 and a nose 40 is shown . In 
navigation ( NAV ) displays , primary flight displays , elec - the illustrated embodiment , a radar system 50 , such as a 
tronic flight bag displays , tablets such as iPad® computers weather radar system or other radar system , is generally 
manufactured by Apple , Inc . or tablet computers , synthetic located inside nose 40 of aircraft 30 or inside a cockpit of 
vision system displays , head up displays ( HUDs ) with or aircraft 30 . According to other exemplary embodiments , 
without a projector , wearable displays , Google glasses , etc . 15 radar system 50 may be located anywhere on aircraft 30 , 
Flight displays 20 may be used to provide information to the such as on the top of aircraft 30 or on the tail of aircraft 30 . 
flight crew , thereby increasing visual range and enhancing Furthermore , the various components of radar system 50 
decision - making abilities . One or more flight displays 20 may be distributed at multiple locations throughout aircraft 
may be configured to function as , for example , a primary 30 . Additionally , radar system 50 may include or be coupled 
flight display ( PFD ) used to display altitude , airspeed , 20 to an antenna system of aircraft 30 . Radar system 50 or other 
vertical speed , and navigation and traffic collision avoidance equipment aboard aircraft 30 may also be configured to 
system ( TCAS ) advisories . One or more flight displays 20 receive weather data from other sources , for example , from 
may also be configured to function as , for example , a ground - based weather radar systems . Radar system 50 may 
multi - function display used to display navigation maps , be any radar system configured to detect or receive data for 
weather radar , electronic charts , TCAS traffic , aircraft main - 25 the systems and methods of the present disclosure . Accord 
tenance data and electronic checklists , manuals , and proce - ing to exemplary embodiments , radar system 50 may be an 
dures . One or more flight displays 20 may also be configured RTA - 4218 MULTISCAN radar system , a WXR - 2100 MUL 
to function as , for example , an engine indicating and crew - TISCAN radar system , or similar system manufactured by 
alerting system ( EICAS ) display used to display critical Rockwell Collins and configured in accordance with the 
engine and system status data . Other types and functions of 30 principles described herein . 
flight displays 20 are contemplated as well . According to Radar system 50 may generally work by sweeping a radar 
various exemplary embodiments , at least one of flight dis - beam horizontally back and forth across the sky . For 
plays 20 may be configured to provide a rendered display example , radar system 50 may conduct a first horizontal 
from the systems and methods of the present disclosure . sweep 52 directly in front of the aircraft and a second 

In some embodiments , flight displays 20 may provide an 35 horizontal sweep 54 downward at a tilt angle 56 ( e . g . , 20 
output from a ground - based weather radar system . In some degrees down ) . Returns from different tilt angles may be 
embodiments , flight displays 20 may provide an output from electronically merged to form a composite image for display 
an aircraft - based weather radar system , LIDAR system , on an electronic display , such as a flight display 20 in aircraft 
infrared system or other system on the aircraft . For example , control center 10 . Returns may also be processed to , for 
flight displays 20 may include a weather display , a joint 40 example , distinguish among terrain , weather , and other 
display , a weather radar map and a terrain display . Further , objects , to determine the height of the terrain , to determine 
flight displays 20 may include an electronic display or a the height of the weather , etc . 
synthetic vision system ( SVS ) . For example , flight displays Radar system 50 may also sweep a radar beam vertically 
20 may include a display configured to display a two - back and forth . Results from the different vertical tilt angles 
dimensional ( 2 - D ) image , a three dimensional ( 3 - D ) per - 45 may be analyzed to determine the characteristics of weather . 
spective image of terrain and / or weather information , or a For example , the altitude , range , and vertical height of 
four dimensional ( 4 - D ) display of weather information or weather may be determined using the vertical scan results . 
forecast information . Other views of terrain and / or weather These results may be used to form an image for display on 
information may also be provided ( e . g . , plan view , horizon - an electronic display ( e . g . , flight display 20 , etc . ) . For 
tal view , vertical view , etc . ) . The views may include mono - 50 example , a vertical profile view of the weather may be 
chrome or color graphical representations of the terrain generated . The profile may be used by a pilot to determine 
and / or weather information . Graphical representations of height , range , hazards and threats , and other relevant infor 
weather or terrain may include an indication of altitude of mation that may be utilized by an aircraft crew member to 
the weather or terrain or the altitude relative to the aircraft . change the course of the aircraft to avoid the detected 

Aircraft control center 10 may include one or more user 55 weather condition . 
interface ( UI ) elements 22 . UI elements 22 may include , for Referring to FIG . 2 , a block diagram of an exemplary 
example , dials , switches , buttons , touch screens , keyboards , weather display system 200 that may be used , for example , 
a mouse , joysticks , cursor control devices ( CCDs ) or other on an aircraft 201 or other vehicle is shown . System 200 may 
multi - function key pads certified for use with avionics include a weather radar system 202 ( e . g . , a system similar to 
systems , etc . UI elements 22 may be configured to , for 60 radar system 50 ) , aircraft sensors 203 , electronics ( such as a 
example , allow an aircraft crew member to interact with processor 204 ) , an electronic display system 206 ( e . g . , a 
various avionics applications and perform functions such as display similar to flight display 20 , etc . ) , and a communi 
data entry , manipulation of navigation maps , and moving c ation system 208 . Weather radar system 202 is generally 
among and selecting checklist items . For example , UI ele - configured to cast one or more radar beams from an aircraft 
ments 22 may be used to adjust features of flight displays 20 , 65 mounted antenna , to receive returns , and to interpret the 
such as contrast , brightness , width , and length . UI elements returns ( e . g . for display to a user , for transmission to an 
22 may also ( or alternatively ) be used by an occupant to external weather system , etc . ) . In some embodiments , 
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weather radar system 202 is configured to receive weather channels , etc . Any type of wireless communications may be 
data from ground - based radar systems . utilized . Various types of communication protocols , includ 

Additionally , weather radar system 202 may perform i ng network and ad hoc network protocols may be used to 
multiple radar sweeps . The radar sweeps may include hori perform communication operations and establish the chan 
zontal sweeps , vertical sweeps , or a combination of hori - 5 nels in FIG . 3 . 
zontal and vertical sweeps . Furthermore , the radar sweeps The weather data exchanged among ground station 320 
can be performed such that they are substantially orthogonal and aircraft 301 , 330 , and 340 may be in a number of forms . 
to one another . According to other exemplary embodiments , For example , the weather data may include radar data 
weather radar system 202 can be a monopulse radar system , containing location information , motion vector data , time of 
a sequential lobing system , or a radar system with an 10 sensing information , and measured parameter values for a 
aperture capable of switching modes . Aircraft sensors 203 weather condition 390 . The location information may be in , 
may include , for example , one or more lightning sensors , for example , a format based on azimuth , elevation , and 
turbulence sensors , pressure sensors , optical systems ( e . g . , range from the radar system or another fixed reference point , 
camera system , infrared system ) , outside air temperature in a rectangular grid format , a georegistered format , or other 
sensors , winds at altitude sensors , INS G load ( in - situ 15 format . The radar data may also include radar characteristics 
turbulence ) sensors , barometric pressure sensors , humidity associated with the radar used to provide the radar data . The 
sensors , or any other aircraft sensors or sensing systems that characteristics may include an indication of band - type , radar 
may be used to monitor weather and detect , for example , quality , tilt angle , etc . In some embodiments , station 320 
lightning , convective cells , clear air turbulence , etc . Data may adjust radar for its particular bands so that comparisons 
from aircraft sensors 203 may be output to processor 204 for 20 and selection of data is consistent . 
further processing and display , or for transmission to a In some embodiments , the weather data may be provided 
station 220 ( e . g . , a ground - based weather radar system or from a plurality of sources . Such weather data may also be 
terrestrial station ) or to other aircraft 230 , 240 via commu - indicative of one or more types of weather conditions . For 
nication system 208 . Data collected from ground - based example , weather data may be indicative of convective 
radar systems , for example , terrestrial station 220 may also 25 weather systems ( e . g . , thunderstorms ) , turbulence , winds 
be processed by processor 204 to configure the collected aloft , icing , and / or volcanic ash . In some embodiments , data 
data for display . regarding convective weather systems may be provided 

Weather radar system 202 may be a system for detecting from a ground - based weather system such as NEXRAD . 
weather patterns . Detected weather patterns may be com - Such data may include IDs for an adaptable number of 
municated to electronic display system 206 for display to the 30 weather cells , which may be segmented ( e . g . , delivered in 
flight crew . In addition , data from station 220 may be polygon format ) weather cells identified in a series of radar 
displayed on display system 206 . Detected weather patterns volume scans . Individual weather cells may be , for example , 
may instead or may also be provided to electronics or 3 - D regions of significant reflectivity or other values above 
processor 204 for further analysis or transmission to a one or more specified threshold values . Individual weather 
station 220 or another aircraft 230 , 240 via communication 35 cells may be composed of reflectivity radial run segments , 
system 208 . and in turn , 2 - D weather components composed of segment 

Station 220 may direct the aircraft 201 , 230 , 240 via groups and occurring at different radar elevation angles . 
communication system 208 to scan in specific areas to Weather components with calculated mass weighted cen 
improve detection accuracy of weather . Alternatively , sys - troids may be vertically correlated into a cell with an 
tem 202 may request that station 220 and aircraft 230 , 240 40 established centroid . Such weather cell data may also 
direct a scan towards weather of interest to aircraft 201 ( e . g . , include individual data points and trends for each weather 
in the flight path ) to improve weather detection accuracy and cell . For example , current weather cell location may be 
weather display accuracy . The scans performed by radar provided with azimuth , range , direction , and speed infor 
system 202 and the requests may be transmitted to station mation , such as a motion vector using polar and / or Cartesian 
220 or another aircraft 230 , 240 via communication system 45 coordinates along with an estimate of any tracking errors . 

Other examples include storm base height , storm top height , 
Referring to FIG . 3 , an exemplary aircraft communica - maximum reflectivity , height of maximum reflectivity , prob 

tions system 300 is shown . System 300 may facilitate ability of hail , probability of severe hail , cell - based verti 
communications among an aircraft 301 having weather radar cally integrated liquid ( VIL ) content , enhanced echo tops 
system 302 aboard , a ground - based data center or terrestrial 50 ( EET ) and centroid height . Weather tracking data may be 
station 320 and other aircraft , such as an aircraft 330 and an generated by monitoring movement of weather cells and 
aircraft 340 . Station 320 may receive weather data via a matching cells in current and prior volume scans . Forecast 
channel 342 from aircraft 301 , via a channel 344 from data may be generated by predicting future centroid loca 
aircraft 330 , and via a channel 346 from aircraft 340 . System tions based on prior volume scans , and growth , decay , and / or 
300 may utilize data and communications from more than 55 shape change estimates . Average data for multiple weather 
three aircraft even though only three aircraft are shown in cells may be provided as well ( e . g . , average motion vector 
FIG . 3 . Additional data may be received from ground based data ) . The weather data may be provided as , for example , a 
radar 350 from a wireless or wired channel . Station 320 may table of alphanumeric values , and / or as a stand - alone display 
provide data to aircraft 301 via a channel 372 , to aircraft 330 or graphical overlay . 
via channel 374 , and to aircraft 340 via channel 376 . Station 60 In some embodiments , weather data indicative of weather 
320 may also provide scheduling data and other control data conditions exhibiting intense convection may include light 
to aircraft 301 via a channel 382 , to aircraft 330 via a ning data such as that provided by the NLDN . Such data may 
channel 384 , and to aircraft 340 via a channel 386 . include indications of individual discharges or flash rates in 

Various types of channels may be utilized including a given area . In some embodiments , pilot reports ( PIREPs ) 
virtual channels , radio channels , satellite channels , etc . The 65 may be used to indicate turbulence . In some embodiments , 
channels may be bi - directional or uni - directional . Channels data from weather satellite systems , such as the Geostation 
may be satellite link channels , VHF channels , INMARSAT ary Operational Environmental Satellite system ( GOES ) and 

208 . 
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Polar Operational Environmental Satellite system ( POES ) condition based on scan data . The function may be an 
may also be used ( e . g . , to track volcanic ash cloud behavior ) . equation based on weather parameters that may be sensor 
In some embodiments , radiosonde data from weather bal driven , model driven , a merger of sensor and model , etc . 
loons may be used . In some embodiments , data from satel Processor 408 may be implemented in hardware , firm 
lite sources or nowcasting weather data sources ( e . g , the 5 ware , software , or any combination of these methods . Sys 
Corridor Integrated Weather System ( CIWS ) ) may be used . tem 400 may have one or more processors 408 that use the 

Referring to FIG . 4A , an exemplary weather radar system same or a different processing technology . Additionally , 
400 is shown . System 400 may include a weather radar processor 408 may be a separate component of system 400 
receiver / transmitter 402 , weather radar adjustable antenna or may be embedded within another component of system 
404 , a memory 406 ( e . g . , a multi - scan , multi - tilt angle 10 400 . Processor 408 may execute instructions that may be 
memory ) , a processor 408 and a system bus that couples written using one or more programming languages , scripting 
various system components including memory 406 to pro - languages , assembly languages , etc . The instructions may be 
cessor 408 . System 400 may also include a tilt control 409 carried out by , for example , a special purpose computer , 
for automatically controlling the tilt angle ( mechanical or logic circuits , or hardware circuits . The term “ execute ” is the 
electronic ) of antenna 404 . In some embodiments , this auto 15 process of running an application or the carrying out of the 
control may include an additional manual control feature as operation called for by an instruction . Processor 106 may 
well . System 400 may also be in communication with one or process data and / or execute applications stored in memory 
more displays 410 ( e . g . , a display similar to display 20 406 , such as weather data 417 and weather image applica 
shown in FIG . 1 ) , one or more UI elements 411 ( e . g . , similar tion 418 and / or other instructions . 
to UI elements 22 shown in FIG . 1 ) and one or more sensors 20 Processor 408 may be included as part of a single - scan , or 
412 , and also in communication with one or more remote multi - scan , multi - tilt angle weather radar system and may 
data sources 414 ( e . g . , another aircraft or a ground station ) perform the customary functions performed by a conven 
via a communications unit 416 ( e . g . , radio or other wireless tional weather radar return processing unit . Processor 408 
communication device ) . may also perform several additional operations based upon 
Memory 406 may include any type of machine - readable 25 the additional data and / or instructions provided in memory 

storage device capable of storing radar returns or associated 406 . In general , processor 408 may merge or cross qualify 
weather data 417 ( shown in FIG . 4B ) or program instruc - portions , or ranges , of the radar returns of several different 
tions for analysis / processing by processor 408 , such as antenna sweeps at several different tilt angles , so that a 
weather image application 418 ( shown in FIG . 4B ) . Memory single , relatively clutter - free image may be presented to the 
406 may be , for example , a non - transitory machine - readable 30 pilot based upon the several separate scans . The radar 
media for carrying or having machine - executable instruc - returns may be processed by processor 408 to generate a 
tions or data structures stored thereon . Such machine - read 2 - D , 3 - D , or 4 - D weather profile of the weather condition . 
able media may be any available media that may be accessed In some embodiments , processor 408 may merge or cross 
by a general purpose or special purpose computer or other qualify portions , or ranges , of the radar returns or weather 
machine with a processor . By way of example , such 35 data of several different sources , including weather data 
machine - readable media may comprise random access from one or more remote sources 414 , so that a composite 
memory ( RAM ) , read only memory ( ROM ) , erasable pro - or fused image may be presented to the pilot based upon the 
grammable read only memory ( EPROM ) , electrically eras - several weather data sources . 
able programmable memory ( EEPROM ) , CD - ROM or other Processor 408 may process weather radar returns to 
optical disk storage , magnetic disk storage or other magnetic 40 identify or sense the presence of weather conditions in front 
storage devices , or any other medium which may be used to of or in view of the aircraft . In some embodiments , processor 
carry or store desired program code in the form of machine - 408 may utilize the altitude and range of the weather 
executable instructions or data structures and which may be condition to generate a vertical profile associated with the 
accessed by a general purpose or special purpose computer weather . Processor 408 may scan across an array of azimuths 
or other machine . System 400 may have one or more 45 to generate a 3 - D weather profile of the weather condition , 
memories 406 that use the same or a different memory which may be stored for later presentation and / or displayed 
technology . Memory 406 may store weather data 417 and on display 410 . In some embodiments , additional visual 
weather image application 418 in addition to other instruc - indicators other than the representation of weather are 
tions or data . provided on display 410 . In some embodiments , a range and 

In some embodiments , memory 406 may be capable of 50 bearing matrix having range markers indicating distance 
storing in a readily addressable and rapidly retrievable from a current location of the aircraft and bearing markers 
manner at least two sets of weather data 417 resulting from indicating azimuths from a current flight path or bearing of 
two or more antenna sweeps at different angles , although a the aircraft may be provided and may assist the pilot in 
single scan of data may also be used in some embodiments . cognitive recognition of weather features from the pilot ' s 
Memory 406 may also include a three - dimensional storage 55 perspective . 
buffer for storing weather radar parameters according to X , Referring now to FIG . 4B , a data flow diagram of exem 
Y and Z coordinates according to one embodiment . The plary weather radar system 400 is shown . As shown in FIG . 
storage of radar data and the form of the weather data 417 4B , processor 408 may provide a velocity parameter 420 , 
stored therein is not disclosed in a limiting fashion . A variety such as a mean velocity parameter and a spectral width 
of techniques for storing weather data 417 may be used as 60 parameter 422 ( e . g . , derived from weather radar returns or 
well . from weather data from a remote source for individual or 

In some embodiments , weather data 417 may be stored as grouped weather cells ) . Alternatively , other types of velocity 
a mathematical equation representation of the information . parameters can be utilized . In addition , processor 408 may 
The mathematical equation representation may be a piece - provide a reflectivity parameter 424 and a range parameter 
wise linear function , piecewise nonlinear function , coeffi - 65 426 . Range parameter 426 along with scan angle position 
cients of a cubic spline , coefficients of a polynomial func - may be used to plot the location of a weather condition on 
tion , etc . that represent vertical representations of a weather display 410 . Processor 408 may also receive a temperature 
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parameter 430 , an azimuth 431 , a location 432 , a date 433 , embodiment . The display screen 501 is configured to be 
a time 434 , and a flight plan 435 from another source , such displayed on an electronic display , such as a flight display 20 
as an external sensor or system . In some embodiments , in aircraft control center 10 . Display screen 501 may include 
parameters 430 , 431 , 432 , 433 , 434 and 435 may be com - information in various forms , for example , a display status 
puted by processor 408 using data stored in memory 406 , 5 bar 510 and a display option bar 520 . The display status bar 
such as radar return data 417a or remote source data 417b . 510 and display option bar 520 may normally be hidden and 

Weather data 417a from returns received by antenna 404 displayed upon user configuration using UI elements 22 , 
and weather data 417b from remote source 414 may be user configuration using display screen 501 ( e . g . , though a stored in memory 406 . Weather data 417b from remote touch screen interface ) , or upon an alert or event occurring . source 414 may be received via communications unit 416 10 For example , in one embodiment , display status bar 510 is ( shown in FIG . 4A ) . Weather data 417 may , for example , be normally hidden but is displayed along with an alert sound based on received horizontal and / or vertical radar scans upon a severe weather report issuing from the National and / or data from other sources 414 ( e . g . , NEXRAD weather Weather Service . data ) . Weather data 417 may also be from another weather 
radar source or data from an onboard weather radar system 15 5 The display device for selectively displaying weather and The display device for selectively displaying weather and 
operating at a different frequency , such as a millimeter aviation events may also include further information options 
frequency , a Ka band frequency , a W band frequency , etc . In displayed on display status bar 510 , such as a settings 
some embodiments , weather data 417 may be from a non indicator 512 and status indicator 514 . When selected , 
radar airborne source ( a LIDAR source , an infrared source , settings indicator 512 may provide a user with options to 
etc . ) . Weather data 417 may include weather data as 20 customize display screen 501 . For example , a user may 
described with reference to FIG . 3 above . For example , make selections regarding screen brightness , contrast , 
weather data 417 may include a time of sensing data , such refresh rate , and color scheme , among other options . When 
as a time stamp , and motion vector data ( e . g . , individual selected , status indicator 514 may display information relat 
weather cell and average motion vector data ) for temporal ing to the status of the weather display , including informa 
and spatial correlation ( e . g . , NEXRAD data received from 25 tion relating to the connection between radar system 400 and 
remote source 414 ) . remote source 414 , connectivity alerts , and system mainte 

Referring again to FIG . 4A , memory 406 may store a nance information , among other status information . Other 
weather imaging module 418 that may be executed by options may also be provided , for example , enabling the 
processor 408 . Weather imaging module 418 may be , for layering of aviation event data , the ability to turn various 
example , one or more program modules including routines , 30 features “ on ” or “ off ” and an ability to request various 
programs , objects , components , data structures , etc . that graphical weather products . For example , in one embodi 
perform particular tasks or implement particular abstract ment , a user may have options to display different layers of 
data types . Weather imaging module 418 may be written information on the display screen , such as weather radar , 
using , for example , one or more programming languages , Significant Meteorological Information ( “ SIGMETS ” ) , Air 
assembly languages , scripting languages , etc . According to 35 men ' s Meteorological Information ( “ AIRMETS ” ) , Tempo 
an exemplary embodiment , weather imaging module 418 rary Flight Restrictions ( “ TFRs ” ) , volcanic ash warnings , 
may be an organized set of instructions that , when executed , forecasted winds and temperatures aloft , turbulence fore 
cause processor 408 to utilize weather data 417a from casts , flight route information , or icing data , among others . 
returns received by antenna 404 and / or weather data 417b Display screen 501 may also include a display option bar 
received from remote source 414 stored in memory 406 to 40 520 . In one embodiment , display option bar 520 includes a 
provide individual , composite , fused , or overlay image data plurality of display options and communication features 
indicative of a weather condition for display on display 410 . related to aircraft flight , navigation , and safety . For example , 
The image data derived from weather data 417a and 417b in one embodiment , a user may have options to display 
may be spatially correlated by weather imaging module 418 and / or request information regarding graphical weather 521 , 
using , for example , time of sensing information and motion 45 airport weather 522 , airport terminal services ( " ATS ” ) 523 , 
vector values . In some embodiments , growth and decay and GPS events 524 , among others . A user may also have 
information may be received , which may be used by weather options to access and display other features as well , for 
imaging module 418 to increase or decrease the size , shape , example , messages 525 to communicate with other aircraft 
and intensity of an image or other visual indication of a or ground - based systems , a scratchpad 526 for note taking , 
weather condition displayed in accordance with time . In 50 and status 527 indicators detailing , for example , flight 
some embodiments , weather imaging module 418 may information or forecasted weather , among other options as 
determine a confidence factor reflecting the degree to which further described below . 
weather data 417 received from two or more sources agree In one embodiment , upon selecting graphical weather 
in their characterization of the weather condition . 521 , the user is presented with various options relating to 

Referring now to FIGS . 5A - 5C , illustrations of a display 55 weather events . For example , in one embodiment , the user 
device for selectively displaying weather and aviation events may be provided with a list of weather features or weather 
are shown according to an exemplary embodiment . The products to be displayed on display screen 501 , such as 
display device of FIGS . 5A - 5C may be , for example , in the storms , clouds , fog , areas of reduced visibility , wind shear , 
form of program instructions that may be executed by a areas of high turbulence , lightning storms , and volcanic ash , 
processor included in a weather radar system , such as 60 among others . The user may select any number of weather 
exemplary weather radar system 400 shown in FIGS . 4A and products to be displayed . In the case where multiple features 
4B . The display device may display weather data received are selected , each feature may be labeled or displayed with 
from one or more sources as described with reference to , for identifying characteristics on display screen 501 . In some 
example , FIGS . 3 , 4A , and 4B . cases , not all features will be available in certain geographic 
Referring now to FIG . 5A , the display device 500 65 areas , in which case , a user of the display system will be 

includes a display screen 501 for selectively displaying notified which features are available and which features are 
weather and aviation events is shown according to one not available . 
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In one embodiment , upon selecting airport weather 522 , area 550 . For example , the flight crew may monitor the 

various options relating to weather events occurring at a aircraft ' s position within the requested area and select a 
specified airport are displayed . For example , weather events second display area once the aircraft is approaching the 
occurring at the departure airport , the destination airport , or boundary of the first display area such that the second 
other airports , including airports the aircraft may fly near to 5 display area displays requested information before the air 
in route to the aircraft ' s destination , may be displayed . In craft flies beyond the first selected display area . In another 
one embodiment , upon selecting airport terminal services embodiment , the display area 550 may automatically update 
523 , various options relating to services provided at the based on the aircraft ' s location within a first display area . 
terminal are displayed and requests can be communicated to For example , the display system may be configured such that 
airport personnel at the destination airport or to a third party . 10 the aircraft always has at least three - hundred miles of 
For example , in one embodiment , options are displayed forward - looking weather radar data . For example , upon 
relating to de - icing services , passenger services ( e . g . , check - flying two - hundred miles into a first display area with 
in , ticketing , boarding , baggage handling , VIP staffing ) , five - hundred miles of forward - looking weather data , the 
ramp handling ( e . g . , aircraft loading and unloading , mar system may be set to automatically request a second display 
shalling , pushback , fueling ) , aircraft cabin cleaning , cargo 15 area of five - hundred miles of forward - looking weather data 
services , and fueling , among others . in the direction of the aircraft ' s current heading , regardless 

In other embodiments , additional features may be dis - of the aircraft ' s original heading . In one embodiment , the 
played and available to aircraft crew , such as GPS events selected display area 550 may be automatically updated 
524 , messages 525 , a scratchpad 526 , and status 527 . Using based on time . For example , the system may be configured 
such features , aircraft crew may access information relating 20 to update the display area every five minutes regardless of a 
to other aircraft , send messages or otherwise communicate change in the aircraft ' s location . In one embodiment , the 
with other aircraft , airport personnel , government officials , display area 550 is updated based on weather detected by the 
or other ground - based system with communication capabili ground station within the aircraft ' s vicinity . For example , in 
ties , take notes or record reminders , or check the status of the one embodiment , upon the ground station detecting a thun 
current flight , weather forecasts , or onboard instruments . For 25 derstorm formation within two - hundred miles of the aircraft , 
example , the device may enable two - way communication the display area is automatically updated and the ground 
between the cockpit and all services available on the station transmits an updated image to the aircraft . The 
ACARS network , including PreDeparture Clearance display area may be configured to automatically update 
( “ PDC ” ) , Digital Airport Terminal Information Services based on other criteria as well , including radio transmis 
( “ D - ATIS ” ) , weather products and a host of messaging 30 sions , weather advisory warnings , and information received 
destinations including email , SMS , group messaging , fax from SIGMETs , or AIRMETs , among others . 
and aviation ground networking addresses ( e . g . , Aeronauti - The display area 550 may be configured to display a 
cal Fixed Telecommunications Network “ AFTN ” and default area . For example , in one embodiment , the display 
ARINC Data Network Service “ ADNS ” ) , among others . area ' s normal area is 300 nautical miles from the aircraft ' s 

In one embodiment , the display screen 501 for selectively 35 current position . In another embodiment , display screen 501 
displaying aviation events includes a customizable display may indicate the aircraft ' s intended flight path and display 
area 550 for displaying aviation events and weather data . As any actual deviations therefrom . Display area 550 may be 
described in detail above , the display system may retrieve indicated on display screen 501 by dashed lines , solid lines , 
data from various data sources , such as an on - board radar shading , or other indicator that differentiates the selected 
system , other aircraft , or a ground - based radar system . 40 display area 550 from non - selected areas . In one embodi 
Display area 550 is selected by aircraft crew by using UI ment , previous selected areas 550 remain available and 
elements 22 in cockpit 10 or through a touch - screen inter - denote a time of receipt even after the aircraft has left the 
face included on display screen 501 , which may be any one area . For example , previously received and displayed 
or more of display screens 20 . A user can select display area weather images in selected areas may remain on screen even 
550 by selecting and moving display points 554 in relation 45 after the plane has flown through such selected areas such 
to aircraft position 558 . The initial shape , direction and size that the flight crew is able to reference conditions previously 
of display area 550 mimics the forward looking radar on traveled through . In one embodiment , selected area 550 is 
board the aircraft . In one embodiment , characteristics of displayed along with products received from the ground 
display area 550 can be selectively customized by a user , station such that the flight crew may clearly identify and 
such as the display area ' s width , length , location and ori - 50 differentiate the selected area 550 from non - selected areas . 
entation . For example , the selected area 550 may be separated from 

In one embodiment , display area 550 automatically non - selected areas using dashed lines , solid lines , area 
changes position as the aircraft 558 changes position such shading , or other indication . The selected area may be 
that the display area 550 is repositioned in relation to the included in the image returned from the ground station or be 
position of the aircraft . In this manner , the flight crew always 55 merged with the image returned from the ground station 
has radar data for a minimum range . In some embodiments , when displayed . For example , upon selecting an area to 
display area 550 automatically adjusts to reflect the curva - display weather radar and transmitting the request to the 
ture of the earth . Display area 550 may be manipulated by ground station , the ground station transmits an image con 
aircraft crew before flight or during flight in cases where an taining weather radar data and a shaded region defining the 
updated display area 550 is desired , for example , in the event 60 selected area . In some instances , when no weather data is 
a sharp turn is required . In the event a sharp turn is foreseen displayed on display 501 ( e . g . , during a clear sky ) , display 
before takeoff , aircraft crew may program the display area ing the selected area 550 with no weather data contained 
550 to change at a predetermined time or location such that therein provides flight crew with an indication that data for 
the display area 550 provides the flight crew with a larger the selected area 550 was successfully received and that the 
field of view at the same time a maneuver is made . 65 lack of weather data displayed in the selected area 550 is due 

In one embodiment , the aircraft ' s movement is tracked to the sky being clear . In some embodiments , in addition to 
and displayed on the display screen 501 in relation to display or in place of displaying an empty selected area , an indicator 
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may be displayed signaling a clear sky . For example , upon near the selected area . Advantageously , receiving overlays 
receiving weather data relating to a clear sky , the selected relating to non - selected products provides flight crew with 
area may be displayed along with a message reading “ Clear pertinent information even when serious weather events are 
Sky ” or “ All Clear ” . Advantageously , differentiating the overlooked or ignored . 
selected area from non - selected areas prevents flight crew 5 In some embodiments , weather data may be mapped to a 
from mistaking an empty display area in which no data was common reference frame . In some embodiments , the 
returned from the ground station for an area with no weather received weather data may be mapped to a common gridded 
data indicating a clear sky . format using , for example , a 1 kilometer grid . Such a grid 

The selected display area 550 is communicated to ground may provide a uniform structure in latitude and longitude to 
servers , for example , terrestrial station 320 ( otherwise 10 which one or more sets of weather data from one or more 
referred to as " ground station ” ) , along with the requested sources may be mapped . Other formats and grid spacings are 
weather features and other available products . The ground contemplated as well , depending on required detail , avail 
station geo - spatially determines the weather features and able memory , and processing capabilities . In some embodi 
other available products that are available in the selected ments , weather data received in a non - gridded format ( e . g . , 
area 550 , those that are partially available in and extend 15 weather cell tracking data , lightning flash data , etc . ) may be 
beyond the selected area 550 , and those that are only linked to the common gridded format . 
available beyond the selected area 550 . After evaluating I n some embodiments , weather data for a weather con 
whether simplification of the images is required and whether dition may be received from multiple unsynchronized 
product information extends beyond selected area 550 , the sources ( e . g . , multiple NEXRAD radar installations ) . For 
ground station transmits the requested data back to the 20 example , an aircraft having an aircraft - based weather radar 
aircraft as compressed vector graphics . In one embodiment system and receiving weather data from a ground - based 
at least all of the requested data that is available in the weather radar system may be moving from the radar cov 
selected area 550 is transmitted back to the aircraft ( e . g . , via erage area of one ground - based system to another ground 
channel 372 or channel 382 ) . For example , as shown in FIG . based system . In such embodiments , the location of a 
5B , in one embodiment only the requested data that is 25 weather condition may be advected using weather data from 
available in the selected area 550 is transmitted back to the whichever data source provides the best tracking geometry . 
aircraft and displayed . Data that is partially available in and For example , the respective range of each of the weather 
extends beyond the selected area 550 may also be transmit - data sources may be used to determine which source may 
ted back to the aircraft and displayed in addition to data that provide the best source of data for advection ( e . g . , azimuth 
is entirely outside of the selected area if selected to do so by 30 resolution may deteriorate with increasing distance , data 
flight crew or if the display system determines the data near a data source may be limited due to a low maximum 
should still be displayed . In some instances , the decision to radar elevation range , etc . ) . In some embodiments , an esti 
display data beyond selected area 550 is made by the ground mated motion vector may be calculated using data from one 
station based on the ground station determining whether the or more or all of the available data sources within range of 
data is relevant to the aircraft ' s flight path . For example , as 35 the weather condition . In some embodiments , multilatera 
shown in FIG . 5C , weather and other aviation products are tion may be applied to range data received from each of the 
displayed beyond selected area 550 based on the ground weather data sources rather than using motion vector data in 
station ' s determination that the displayed products are rel - order to avoid azimuth resolution issues . In some embodi 
evant to the aircraft ' s current flight path and any near - future ments , the volume coverage pattern , altitude , range , and age 
deviations made therefrom . 40 of the weather data for each weather data source may be 

In some embodiments , data may be displayed as a non - used to estimate a number of radar slices or beams in order 
detailed overlay 552 . Overlays 552 that extend beyond to determine the quality of the weather data from each 
selected area 550 are clearly identified so that flight crew source . 
will not overlook or miss a significant event displayed in a Terrestrial station 320 may send images to the aircraft in 
product outside of the selected area . In some embodiments , 45 vector image format , thereby providing higher quality 
the overlays 552 displayed on display screen 501 may be graphics on display 20 and display screen 501 . Metadata 
selected by a user of the display system in order to display may also be added to vector images , thereby providing more 
more information regarding the overlay , as discussed further information to the aircraft . In one embodiment , flight crew 
below . In some embodiments , flight crew may select various may interact with displayed aviation products via the touch 
aviation products to be displayed as overlays 552 on display 50 screen display to display more information . For example , 
screen 501 . Many types of aviation products can be selected upon flight crew selecting a wind shear overlay on the 
and displayed as an overlay . For example , data may be display screen , additional information may be displayed , 
received and displayed relating to weather radar , turbulence , such as the direction of the wind shear , areas of highest 
icing , wind shear , volcanic ash , dust , sand , winds aloft , danger , and the speed of the wind shear , among others . 
restricted area items ( e . g . , temporary flight restrictions ) , 55 Advantageously , transmitting images in vector format may , 
flight routes ( including common trans - Atlantic routes such in some cases , reduce the size of the image file while 
as the North Atlantic Tracks ) , AIRMETs ( including providing more accurate and higher quality images to dis 
AIRMET Sierra , Tango and Zulu relating to mountain play 20 . 
obscuration / visibility , turbulence , and icing respectively ) , In some cases , before terrestrial station 320 sends images 
and SIGMETs . In some embodiments , the ground station 60 to the aircraft , algorithms are used to reduce image file sizes . 
may determine that overlays 552 relating to certain products For example , if a particularly large display area is selected 
should be displayed even when the products are not selected that covers a large storm system , various algorithms may be 
to be displayed by the flight crew . For example , in response used to reduce the image file sizes before the images are 
to flight crew selecting to receive data relating to weather transmitted to the aircraft . In the event image files for 
radar and turbulence , the system may display the selected 65 various products are separately transmitted to the aircraft , or 
products as well as include an overlay relating to icing data transmitted files are of varying resolutions , the display 
based on a determination that severe icing is forecasted in or device merges the image products such that the images are 
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displayed together . Previously received data from different PCs , minicomputers , mainframe computers , and so on . 
requests may also be merged based on the timestamp asso - Embodiments in the disclosure may also be practiced in 
ciated with the previously received data . In some embodi distributed computing environments where tasks are per 
ments , the display device may be configured to animate formed by local and remote processing devices that are 
weather patterns over time based on timestamps associated 5 linked ( either by hardwired links , wireless links , or by a 
with a series of received images . Advantageously , transmit - combination of hardwired or wireless links ) through a 
ting compressed vector images for selected areas instead of communications network . In a distributed computing envi 
entire regions enables the ground station to reliably transmit ronment , program modules may be located in both local and 
high - quality images using low bandwith transmissions . remote memory storage devices . 

The embodiments in the present disclosure have been 10 An exemplary system for implementing the overall sys 
described with reference to drawings . The drawings illus - tem or portions of the disclosure might include one or more 
trate certain details of specific embodiments that implement computers including a processor , a system memory or 
the systems and methods and programs of the present database , and a system bus that couples various system 
disclosure . However , describing the embodiments with components including the system memory to the processor . 
drawings should not be construed as imposing any limita - 15 The database or system memory may include read only 
tions that may be present in the drawings . The present memory ( ROM ) and random access memory ( RAM ) . The 
disclosure contemplates methods , systems and program database may also include a magnetic hard disk drive for 
products on any machine - readable media for accomplishing reading from and writing to a magnetic hard disk , a magnetic 
its operations . The embodiments of the present disclosure disk drive for reading from or writing to a removable 
may be implemented using an existing computer processor , 20 magnetic disk , and an optical disk drive for reading from or 
or by a special purpose computer processor incorporated for writing to a removable optical disk such as a CD ROM or 
this or another purpose or by a hardwired system . other optical media . The drives and their associated 
As noted above , embodiments within the scope of the machine - readable media provide nonvolatile storage of 

present invention include program products comprising non - machine - executable instructions , data structures , program 
transitory machine - readable media for carrying or having 25 modules and other data for the computer . User interfaces , as 
machine - executable instructions or data structures stored described herein , may include a computer with monitor , 
thereon . Such machine - readable media may be any available keyboard , a keypad , a mouse , joystick or other input devices 
media that may be accessed by a general purpose or special performing a similar function . 
purpose computer or other machine with a processor . By It should be noted that although the diagrams herein may 
way of example , such machine - readable media may com - 30 show a specific order and composition of method steps , it is 
prise RAM , ROM , EPROM , EEPROM , CD - ROM or other understood that the order of these steps may differ from what 
optical disk storage , magnetic disk storage or other magnetic is depicted . For example , two or more steps may be per 
storage devices , or any other medium which may be used to formed concurrently or with partial concurrence . Also , some 
carry or store desired program code in the form of machine method steps that are performed as discrete steps may be 
executable instructions or data structures and which may be 35 combined , steps being performed as a combined step may be 
accessed by a general purpose or special purpose computer separated into discrete steps , the sequence of certain pro 
or other machine with a processor . Thus , any such a con - cesses may be reversed or otherwise varied , and the nature 
nection is properly termed a machine - readable medium . or number of discrete processes may be altered or varied . 
Combinations of the above are also included within the The order or sequence of any element or apparatus may be 
scope of machine - readable media . Machine - executable 40 varied or substituted according to alternative embodiments . 
instructions comprise , for example , instructions and data Accordingly , all such modifications are intended to be 
which cause a general purpose computer , special purpose included within the scope of the present disclosure . Such 
computer , or special purpose processing machines to per - variations will depend on the software and hardware systems 
form a certain function or group of functions . chosen and on designer choice . It is understood that all such 
Embodiments in the present disclosure have been 45 variations are within the scope of the disclosure . Likewise , 

described in the general context of method steps which may software and web implementations of the present invention 
be implemented in one embodiment by a program product could be accomplished with standard programming tech 
including machine - executable instructions , such as program niques with rule based logic and other logic to accomplish 
code , for example , in the form of program modules executed the various database searching steps , correlation steps , com 
by machines in networked environments . Generally , pro - 50 parison steps and decision steps . 
gram modules include routines , programs , objects , compo - The foregoing description of embodiments has been pre 
nents , data structures , etc . that perform particular tasks or sented for purposes of illustration and description . It is not 
implement particular abstract data types . Machine - execut - intended to be exhaustive or to limit the subject matter to the 
able instructions , associated data structures , and program precise form disclosed , and modifications and variations are 
modules represent examples of program code for executing 55 possible in light of the above teachings or may be acquired 
steps of the methods disclosed herein . The particular from practice of the subject matter disclosed herein . The 
sequence of such executable instructions or associated data embodiments were chosen and described in order to explain 
structures represent examples of corresponding acts for the principals of the disclosed subject matter and its practical 
implementing the functions described in such steps . application to enable one skilled in the art to utilize the 
As previously indicated , embodiments in the present 60 disclosed subject matter in various embodiments and with 

disclosure may be practiced in a networked environment various modifications as are suited to the particular use 
using logical connections to one or more remote computers contemplated . Other substitutions , modifications , changes 
having processors . Those skilled in the art will appreciate and omissions may be made in the design , operating con 
that such network computing environments may encompass ditions and arrangement of the embodiments without depart 
many types of computers , including personal computers , 65 ing from the scope of the presently disclosed subject matter . 
hand - held devices , multi - processor systems , microproces - Throughout the specification , numerous advantages of the 
sor - based or programmable consumer electronics , network exemplary embodiments have been identified . It will be 
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understood , of course , that it is possible to employ the the external weather data source based on weather detected 
teachings herein without necessarily achieving the same near the aircraft by an onboard weather radar system or the 
advantages . Additionally , although many features have been external weather data source . 
described in the context of a particular data processor , it will 10 . An aircraft weather radar system , comprising : 
be appreciated that such features could also be implemented 5 a processor ; 
in the context of other hardware configurations . a display ; and 
While the exemplary embodiments illustrated in the fig memory coupled to the processor and containing program 

ures and described above are presently preferred , it should instructions that , when executed , cause the processor be understood that these embodiments are offered by way of to : example only . Other embodiments may include , for 10 select a display area to display weather data based on the example , structures with different data mapping or different location of an aircraft ; data . The disclosed subject matter is not limited to a par select a weather condition to display within the selected ticular embodiment , but extends to various modifications , 
combinations , and permutations that nevertheless fall within display area from among a plurality of potential 
the scope and spirit of the appended claims . weather conditions ; 15 

What is claimed is : determine that a weather condition from among the plu 
1 . A method of selectively displaying an image represen rality of potential weather conditions is detected out 

tative of a weather condition in relation to an aircraft , the side the selected display area and that the weather 
method comprising : condition detected outside the selected display area is 

selecting , on a display screen , a display area to display 20 relevant to the aircraft based on a flight path of the 
weather data based on the location of the aircraft ; aircraft and a severity of the weather condition detected 

selecting a weather condition to display in the display area outside the selected display area ; 
from among a plurality of potential weather conditions ; receive , from an external weather data source , weather 

transmitting to an external weather data source the data representative of the selected weather condition 
selected display area and the selected weather condi - 25 for the selected display area and representative of the 
tion ; weather condition detected outside the selected display 

determining , at the external weather data source , that a area and determined to be relevant to the aircraft , the 
weather condition from among the plurality of potential weather data including location data for the weather 
weather conditions is detected outside the selected conditions ; and 
display area and that the weather condition detected 30 display an image representative of the selected weather 
outside the selected display area is relevant to the condition within the selected display area and the 
aircraft based on a flight path of the aircraft and a weather condition determined to be relevant to the 
severity of the weather condition detected outside the aircraft outside the selected display area , the image 
selected display area ; based on the received weather data . 

receiving , from the external weather data source , weather 35 11 . The aircraft weather radar system of claim 10 , wherein 
data representative of the selected weather condition the selected display area is configured to be resized , 
for the selected display area and representative of the reshaped , or reoriented during flight of the aircraft . 
weather condition detected outside the selected display 12 . The aircraft weather radar system of claim 10 , wherein 
area and determined to be relevant to the aircraft , the the selected display area is configured to automatically 
weather data including location data for the weather 40 relocate based on movement of the aircraft . 
conditions ; and 13 . The aircraft weather radar system of claim 10 , wherein 

displaying the image representative of the selected the weather data is received in vector image format . 
weather condition within the selected display area and 14 . The aircraft weather radar system of claim 10 , wherein 
the weather condition determined to be relevant to the the processor is configured to merge multiple images based 
aircraft outside the selected display area , the image 45 on received weather data into a single image prior to 
based on the received weather data . displaying the single image . 

2 . The method of claim 1 , wherein the selected display 15 . The aircraft weather radar system of claim 10 , wherein 
area is resized , reshaped , or reoriented during flight of the aviation event data is displayed based on the processor 
aircraft . determining if the aviation event data should be displayed 

3 . The method of claim 1 , wherein the selected display 50 based on the location of the aircraft . 
area automatically relocates based on movement of the 16 . The aircraft weather radar system of claim 10 , wherein 
aircraft . the external weather data source is a ground - based radar 

4 . The method of claim 1 , wherein the weather data is system . 
received in vector image format . 17 . The aircraft weather radar system of claim 10 , wherein 

5 . The method of claim 1 , wherein multiple images based 55 the displayed image separately identifies the selected display 
on received weather data are merged into a single image area and the area outside the selected display area . 
prior to the single image being displayed . 18 . The aircraft weather radar system of claim 10 , wherein 

6 . The method of claim 1 , further comprising determining updated weather data is automatically received from the 
if any aviation event data should be displayed based on the external weather data source and displayed based on weather 
location of the aircraft . 60 detected near the aircraft by an onboard weather radar 

7 . The method of claim 1 , wherein the external weather system or the external weather data source . 
data source is a ground - based radar system . 19 . An aircraft weather radar system , comprising : 

8 . The method of claim 1 , further comprising the dis a processor ; 
played image separately identifying the selected display area a display ; and 
and the area outside the selected display area . memory coupled to the processor and containing program 

9 . The method of claim 1 , further comprising automati instructions that , when executed , cause the processor 
cally receiving and displaying updated weather data from to : 
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transmit to an external weather data source a selected 20 . The aircraft weather radar system of claim 19 , wherein 

display area to display weather products , the weather the weather data is received in vector image format . 
products selected from a plurality of available weather 21 . The aircraft weather radar system of claim 19 , wherein 
products offered by the external weather data source ; the processor is configured to merge multiple images based 

receive weather data from the external weather data 5 5 on received weather data into a single image prior to 
source , including weather data representative of the displaying the single image . 

22 . The aircraft weather radar system of claim 19 , the selected weather products for the selected display area processor further configured to select a second display area 
and weather data for the selected weather products to display the selected weather products . 
available outside the selected display area , the weather 23 . The aircraft weather radar system of claim 22 , wherein 
data including location data for the weather products ; " the second display area does not change location based on 
and the movement of the aircraft . 

display the selected weather products in the selected 24 . The aircraft weather radar system of claim 23 , wherein 
display area and display the selected weather products the second display area changes location based on the 
available outside the selected display area , wherein the movement of a selected weather product . 
weather products displayed in the selected display area 25 . The aircraft weather radar system of claim 19 , wherein 
are separately identified from the weather products updated weather data is automatically received from the 
displayed outside the selected display area , and external weather data source and displayed based on weather 
wherein the selected display area automatically and detected near the aircraft by an onboard weather radar 

simultaneously changes location based on movement system or the external weather data source . 
of the aircraft . * * * * * 


