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Dynamic Link-Budget Monitoring And Graphical Display 

 

FIELD OF THE INVENTION     

The present invention relates to a computer-implemented method of 

monitoring dynamic link-budget of at least one on-board antenna fixed on a vehicle; 

a computer-implemented system for monitoring dynamic link-budget of at least one 

on-board antenna fixed on a vehicle; and a non-transitory program storage device 

readable by a computer.  For example, the presently disclosed subject matter relates 

in general to the field of telecommunication systems.  

BACKGROUND OF THE INVENTION 

Various vehicles comprise different on-board systems which require one or 

more antennas to be mounted on the vehicle at different locations on the vehicle’s 

body. For example, manned and unmanned aircrafts generally comprise avionic 

systems which are mounted at different locations on the aircraft’s body. Antennas 

have specific requirements of size, weight, reliability and maintainability. 

Particularly, size and weight requirements restrict locations where the antenna can 

be installed since poor antenna placement can degrade the flying qualities of an 

aircraft and impact the performance of a relevant system. Additionally, antennas 

have limitations regarding to the directions in which radiation intensity is radiated. 

These factors, as well as others, influence the communication regime between on-

board antennas and other target antennas. 

On-board systems utilize antennas for functions such as communication, 

navigation and radar functions. These systems may be of crucial importance for 

operating and controlling the vehicle, and therefore avoiding communication loss is 

desired. For example, when an aircraft is an unmanned aerial vehicle (UAV), loss of 

communication with the UAV may trigger special procedures to be implemented 

which could result in destruction of the UAV. 
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It is generally desirable to overcome or ameliorate one or more of the above 

described difficulties, or to at least provide a useful alternative. 

SUMMARY OF THE INVENTION 

According to the present invention, there is provided a  computer-

implemented method of monitoring dynamic link-budget of at least one on-board 

antenna fixed on a vehicle; the computer comprising at least one processor, the 

method comprising operating the at least one processor for:  

(i) calculating link-budget of the at least one on-board antenna with respect 

to at least one target antenna; the link-budget comprises a respective link-budget 

gain value assigned to each pixel in a collection of pixels, where each pixel in the 

collection of pixels represents a respective radiation vector in a three-dimensional 

space around the at least one antenna; and wherein the link-budget is calculated 

based on input data including gain data of the at least one antenna and navigation-

data;  

determining for each pixel in the collection of pixels, compliance of the 

respective link-budget gain value with a threshold value, thereby obtaining a 

respective antenna envelop of the at least one on-board antenna; displaying on a 

computer display device graphical representation of a pixel map representing at 

least the respective antenna envelope; wherein the pixel map indicates with respect 

to each pixel, compliance with the threshold value, along with an indication of the 

relative location of the at least one target antenna;  

(ii) continuously monitoring dynamics of the input data and repeating the 

operations in (i) wherein in each repetition:  

utilizing updated navigation-data, if such exists, for updating the pixel map, 

and displaying on the display device an updated graphical representation of the pixel 

map.  
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According to the present invention, there is also provided a computer-

implemented system for monitoring dynamic link-budget of at least one on-board 

antenna fixed on a vehicle; the computer-implemented system comprising at least 

one processing unit comprising one or more computer processors operatively 

connected to computer memory; the at least one processing unit is configured to:  

(i) calculate link-budget of the at least one on-board antenna with respect to 

at least one target antenna; the link-budget comprises a respective link-budget gain 

value assigned to each pixel in a collection of pixels, where each pixel in the 

collection of pixels represents a respective radiation vector in a three-dimensional 

space around the at least one antenna; and wherein the link-budget is calculated 

based on input data including gain data of the at least one antenna and navigation-

data;  

determine for each pixel in the collection of pixels, compliance of the 

respective link-budget gain value with a threshold value, thereby obtaining a 

respective antenna envelop of the at least one on-board antenna;  

display on a computer display device graphical representation of a pixel map 

representing at least the respective antenna envelope; wherein the pixel map 

indicates with respect to each pixel, compliance with the threshold value, along with 

an indication of the relative location of the at least one target antenna;  

(ii) continuously monitor dynamics of the input data and repeating the 

operations in (i) wherein in each repetition:  

utilize updated navigation-data, if such exists, for repeatedly updating the 

pixel map, and displaying on the display device an updated graphical representation 

of the pixel map. 

According to the present invention, there is also provided a non-transitory 

program storage device readable by a computer, tangibly embodying computer 

readable instructions executable by the computer to perform a method of 
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monitoring dynamic link-budget of at least one on-board antenna fixed on a vehicle; 

the computer comprising at least one processing unit, the method comprising 

operating the at least one processor for:  

(i) calculating link-budget of the at least one on-board antenna with respect 

to at least one target antenna; the link-budget comprises a respective link-budget 

gain value assigned to each pixel in a collection of pixels, where each pixel in the 

collection of pixels represents a respective radiation vector in three-dimensional 

space around the at least one antenna; and wherein the link-budget is calculated 

based on input data including: gain data of the at least one antenna and navigation-

data;  

determining for each pixel in a collection of pixels, compliance of the 

respective link-budget gain value with a threshold value, thereby obtaining a 

respective antenna envelop of the at least one on-board antenna;  

displaying on a computer display device graphical representation of a pixel 

map representing at least the respective antenna envelope; wherein the pixel map 

indicates with respect to each pixel, compliance with the threshold value, along with 

an indication of the relative location of the at least one target antenna;  

(ii) continuously monitoring dynamics of the input data and repeating the 

operations in (i) wherein in each repetition:  

using updated navigation-data, if such exists, for updating the pixel map, and 

displaying on the display device an updated graphical representation of the pixel 

map.  

According to the present invention, there is also provided a computer-

implemented system for monitoring dynamic link-budget of at least one on-board 

antenna fixed on a vehicle;  

the computer-implemented system comprising at least one computer 

configured and operable to: calculate link-budget of the at least one on-board 



– 5  –  

 

antenna with respect to at least one target antenna; the link-budget comprises a 

respective link-budget value assigned to each pixel in a collection of pixels, where 

each pixel in the collection of pixels represents a respective radiation vector in a 

three-dimensional space around the at least one antenna; and wherein the link-

budget is calculated based on input data including gain data and navigation-data;  

determine for each pixel in the collection of pixels, compliance of the 

respective link-budget value with a sensitivity threshold value of the transceiver, 

thereby obtaining a respective antenna envelope of the at least one on-board 

antenna;  

generate a pixel map representing at least the respective antenna envelope; 

wherein the pixel map indicates with respect to each pixel, compliance with the 

threshold value, along with an indication of the relative location of the at least one 

target antenna;  

continuously monitor dynamics of the input data and utilizing updated 

navigation-data, if such exists, for repeatedly updating the pixel map.  

According to the present invention, there is also provided a vehicle 

comprising a system for monitoring dynamic link-budget of at least one on-board 

antenna fixed on the vehicle; the system comprising at least one computer 

configured and operable to:  

calculate link-budget of the at least one on-board antenna with respect to at 

least one target antenna;  

the link-budget comprises a respective link-budget value assigned to each 

pixel in a collection of pixels, where each pixel in the collection of pixels represents a 

respective radiation vector in a three dimensional space around the at least one 

antenna; and  

wherein the link-budget is calculated based on input data including gain data 

and navigation-data; determine for each pixel in the collection of pixels, compliance 
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of the respective link-budget value with a sensitivity threshold value of the 

transceiver, thereby obtaining a respective antenna envelope of the at least one on-

board antenna; generate a pixel map representing at least the respective antenna 

envelope;  

wherein the pixel map indicates with respect to each pixel, compliance with 

the threshold value, along with an indication of the relative location of the at least 

one target antenna; and continuously monitor dynamics of the input data and 

utilizing updated navigation-data, if such exists, for repeatedly updating the pixel 

map. 

According to one preferred embodiment of the presently disclosed subject 

matter there is provided a computer-implemented method of monitoring a dynamic 

link-budget of at least one on-board antenna fixed on a vehicle and operatively 

connected to a transceiver; the computer comprising at least one processor, the 

method comprising operating the at least one processor for:  

(i) calculating link-budget of the at least one on-board antenna with respect 

to at least one target antenna; the link-budget comprises a respective link-budget 

value assigned to each pixel in a collection of pixels, where each pixel in the 

collection of pixels represents a respective radiation vector in a three dimensional 

space around the at least one antenna; and wherein the link-budget is calculated 

based on input data including gain data and navigation-data;   

 determining for each pixel in the collection of pixels, compliance of the 

respective link-budget value with a sensitivity threshold value of the transceiver, 

thereby obtaining a respective antenna envelope of the at least one on-board 

antenna; 

displaying on a computer display device graphical representation of a pixel 

map representing at least the respective antenna envelope; wherein the pixel map 

indicates with respect to each pixel, compliance with the threshold value, along with 

an indication of the relative location of the at least one target antenna;  
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 (ii) continuously monitoring dynamics of the input data and repeating the 

operations in (i) wherein in each repetition:  

utilizing updated navigation-data, if such exists,  for repeatedly updating the 

pixel map, and displaying on the display device an updated graphical representation 

of the pixel map.  

In addition to the above features, the method according to this preferred 

embodiment of the presently disclosed subject matter can optionally comprise one 

or more of features (i) to (xvi) below, in any technically possible combination or 

permutation: 

1. wherein the gain data includes a respective radiation pattern of the at 

least one antenna and radiation power of the transceiver, and the navigation-data 

comprises a relative position of the at least one antenna and the at least one target 

antenna. 

2. wherein updated navigation-data includes real-time navigation-data 

collected in real-time; the method comprising continuously displaying graphical 

representation of the pixel map as the vehicle progresses. 

3. wherein updated navigation-data includes predicted navigation-data; 

the method comprising: continuously displaying graphical representation of the pixel 

map pertaining to a predicted location of the vehicle. 

4. the method further comprising, utilizing a navigation unit for 

determining real-time navigation-data.  

5. wherein there are a plurality of on-board antennas on the vehicle, the 

method further comprising generating and displaying graphical representation of a 

pixel map of each one of the plurality of on-board antennas.  

6. the method further comprising displaying an overlap between the 

antenna envelope of different antennas of the plurality of on-board antennas. 
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7.   wherein the collection of pixels in the pixel map are drawn over a 

two dimensional spherical coordinate system.  

8. The method further comprising generating the pixel map including: 

assigning one or more radiation pattern angles to a respective pixel in the pixel map.  

9. wherein the navigation-data includes simulated navigation-data of a 

simulated progression path of the vehicle and the pixel map is a simulated pixel map 

generated based on the simulated navigation-data; the method comprising: 

simulating link-budget of the at least one on-board antenna along the 

simulated progression path; and  

generating output including location along the simulated progression path 

where communication loss with the target antenna is expected.  

10. wherein there are a plurality of on-board antennas on the vehicle; the 

method comprising: 

generating a switching scheme to be executed in real-time; the antennas 

switching scheme comprising instructions indicating when to switch between 

antennas in order to maintain continuous communication link to a target antenna.  

11. autonomously generating antenna switching commands for switching 

between antennas to avoid communication loss.  

12. The method further comprising: autonomously generating steering 

commands for controlling the vehicle and maintaining the vehicle within the antenna 

envelope.  

13. wherein the vehicle is an aircraft 

14. wherein the vehicle is an autonomous vehicle. 

15. The method further comprising: generating an alert if communication 

loss has occurred and/or is anticipated. 
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16. wherein displaying of the graphical representation of the pixel map is 

done in a manner which simulates a point of view seen from the front cabin of the 

vehicle. 

According to another preferred embodiment of the presently disclosed 

subject matter there is provided a computer-implemented system for monitoring 

dynamic link-budget of at least one on-board antenna fixed on a vehicle and 

operatively connected to a transceiver; the computer comprising at least one 

processing unit comprising one or more computer processors operatively connected 

to computer memory; the processing unit is configured to: 

(i) calculate link-budget of the at least one on-board antenna with respect to 

at least one target antenna; the link-budget comprises a respective link-budget value 

assigned to each pixel in a collection of pixels, where each pixel in the collection of 

pixels represents a respective radiation vector in a three dimensional space around 

the at least one antenna; and wherein the link-budget is calculated based on input 

data including gain data and navigation-data;   

determine for each pixel in the collection of pixels, compliance of the 

respective link-budget value with a sensitivity threshold value of the transceiver, 

thereby obtaining a respective antenna envelope of the at least one on-board 

antenna; 

display on a computer display device graphical representation of a pixel map 

representing at least the respective antenna envelope; wherein the pixel map 

indicates with respect to each pixel, compliance with the threshold value, along with 

an indication of the relative location of the at least one target antenna;  

(ii) continuously monitor dynamics of the input data and repeating the 

operations in (i) wherein in each repetition:  
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utilize updated navigation-data, if such exists,  for repeatedly updating the 

pixel map, and displaying on the display device an updated graphical representation 

of the pixel map.  

In addition to the above features, the system according to this preferred 

embodiment of the presently disclosed subject matter can optionally comprise one 

or more of features (i) to (xvi) above, in any technically possible combination or 

permutation: 

According to another preferred embodiment of the presently disclosed 

subject matter there is provided a non-transitory program storage device readable 

by a computer, tangibly embodying computer readable instructions executable by 

the computer to perform a method of monitoring dynamic link-budget of at least 

one on-board antenna fixed on a vehicle; the computer comprising at least one 

processing unit, the method comprising operating the at least one processor for:  

(i) calculating link-budget of the at least one on-board antenna with respect 

to at least one target antenna; the link-budget comprises a respective link-budget 

value assigned to each pixel in a collection of pixels, where each pixel in the 

collection of pixels represents a respective radiation vector in three dimensional 

space around the at least one antenna; and wherein the link-budget is calculated 

based on input data including: gain data and navigation-data;   

determining for each pixel in a collection of pixels, compliance of the 

respective link-budget value with a sensitivity threshold value of a transceiver 

operatively connected to the at least one antenna, thereby obtaining a respective 

antenna envelope of the at least one on-board antenna; 

displaying on a computer display device graphical representation of a pixel 

map representing at least the respective antenna envelope; wherein the pixel map 

indicates with respect to each pixel, compliance with the threshold value, along with 

an indication of the relative location of the at least one target antenna;  
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(ii) continuously monitoring dynamics of the input data and repeating the 

operations in (i) wherein in each repetition:  

using updated navigation-data, if such exists,  for updating the pixel map, and 

displaying on the display device an updated graphical representation of the pixel 

map.  

In addition to the above features, the program storage device according to 

this preferred embodiment of the presently disclosed subject matter can optionally 

comprise one or more of features (i) to (xvi) above, in any technically possible 

combination or permutation. 

The presently disclosed subject matter further contemplates according to any 

one of the above preferred embodiments to: 

determine, based on the antenna envelope, whether communication loss 

between the at least one antenna and target antenna occurred or is about to occur 

and if yes, generating an alert indicating the communication loss. 

determine, based on the antenna envelope, whether communication loss 

between the at least one antenna and target antenna occurred or is about to occur 

and if yes, autonomously generating antenna switching instructions, based on the 

antenna envelope, for switching between antennas in order to switch to another 

antenna and avoid communication loss. 

determine, based on the antenna envelope, whether communication loss 

between the at least one antenna and target antenna occurred or is about to occur 

and if yes, autonomously generating steering commands for controlling the vehicle 

and maintaining the vehicle within the antenna envelope and avoiding 

communication loss.  

According to further preferred embodiments of the presently disclosed subject 

matter there is provided a computer-implemented method, a computer-

implemented system and a computer storage device each directed, mutatis 
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mutandis, for monitoring dynamic link-budget of at least one on-board antenna fixed 

on a vehicle and operatively connected to a transceiver;  

the computer is operated for calculating link-budget of the at least one on-

board antenna with respect to at least one target antenna; the link-budget 

comprises a respective link-budget value assigned to each pixel in a collection of 

pixels, where each pixel in the collection of pixels represents a respective radiation 

vector in a three dimensional space around the at least one antenna; and wherein 

the link-budget is calculated based on input data including gain data and navigation-

data;   

determining for each pixel in the collection of pixels, compliance of the 

respective link-budget value with a sensitivity threshold value of the transceiver, 

thereby obtaining a respective antenna envelope of the at least one on-board 

antenna; 

displaying on a computer display device graphical representation of a pixel 

map representing at least the respective antenna envelope; wherein the pixel map 

indicates with respect to each pixel, compliance with the threshold value, along with 

an indication of the relative location of the at least one target antenna;  

continuously monitoring dynamics of the input data and utilizing updated 

navigation-data, if such exists,  for repeatedly updating the pixel map, and displaying 

on the display device an updated graphical representation of the pixel map.  

In addition to the above features, the method, system and storage device 

according to this preferred embodiment of the presently disclosed subject matter 

can optionally comprise one or more of features (i) to (xvi) above, in any technically 

possible combination or permutation. 

According to further preferred embodiments of the presently disclosed 

subject matter there is provided a computer-implemented method, a computer-

implemented system and a computer storage device each directed, mutatis 
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mutandis, for monitoring dynamic link-budget of at least one on-board antenna fixed 

on a vehicle and operatively connected to a transceiver;  

the computer is operated for calculating link-budget of the at least one on-

board antenna with respect to at least one target antenna; the link-budget 

comprises a respective link-budget value assigned to each pixel in a collection of 

pixels, where each pixel in the collection of pixels represents a respective radiation 

vector in a three dimensional space around the at least one antenna; and wherein 

the link-budget is calculated based on input data including gain data and navigation-

data;   

determining for each pixel in the collection of pixels, compliance of the 

respective link-budget value with a sensitivity threshold value of the transceiver, 

thereby obtaining a respective antenna envelope of the at least one on-board 

antenna; 

generating a pixel map representing at least the respective antenna 

envelope; wherein the pixel map indicates with respect to each pixel, compliance 

with the threshold value, along with an indication of the relative location of the at 

least one target antenna;  

continuously monitoring dynamics of the input data and utilizing updated 

navigation-data, if such exists,  for repeatedly updating the pixel map. 

According to some examples the method system and computer storage 

device are further directed ,mutatis mutandis, for  displaying a graphical 

representation of the pixel map on a computer display device and repeatedly 

updating the graphical representation of the pixel map according to the updated 

pixel map. 

In addition to the above features, the method, system and storage device 

according to this preferred embodiment of the presently disclosed subject matter 
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can optionally comprise one or more of features (i) to (xvi) above, in any technically 

possible combination or permutation. 

The presently disclosed subject matter further contemplate a vehicle 

comprising the system according to some preferred embodiment of the presently 

disclosed subject matter. Wherein in various examples the vehicle is any one of: a 

manned vehicle; and autonomous vehicle. Wherein according to one example the 

vehicle is an aircraft (any airborne vehicle).   

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present invention are hereafter described, by way of 

non-limiting example only, with reference to the accompanying drawings, in which: 

Fig. 1 is a functional block diagram of a system, in accordance with an 

example of the presently disclosed subject matter;  

Fig. 2 is flowchart showing operations related to the generation and 

displaying of a dynamic link-budget pixel map, in accordance with an example of the 

presently disclosed subject matter;  

Fig. 3a is a first schematic illustration of a graphical user interface display, in 

accordance with an example of the presently disclosed subject matter;   

Fig. 3b is a second schematic illustration of a graphical user interface display, 

in accordance with an example of the presently disclosed subject matter;  

Fig. 3c is a third schematic illustration of a graphical user interface display, in 

accordance with an example of the presently disclosed subject matter; and 

Fig. 4 is a schematic illustration of graphical user interface display in 

prediction mode, according to an example of the presently disclosed subject matter;  

Fig. 5 is a schematic illustration of graphical user interface display in 

prediction mode, according to an example of the presently disclosed subject matter; 

and 
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Fig. 6 is a schematic illustration of graphical user interface display, according 

to an example of the presently disclosed subject matter. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

Unless specifically stated otherwise, as apparent from the following 

discussions, it is appreciated that throughout the specification discussions utilizing 

terms such as "calculating", "determining", “determining”, "displaying", 

"transmitting", "monitoring", “using”, “utilizing” or the like, include actions and/or 

processes of a computer that manipulate and/or transform data into other data, said 

data represented as physical quantities, e.g. such as electronic quantities, and/or 

said data representing the physical objects.  

System 100 described below is a computerized system which includes at least 

one computerized device. The terms “computer/computerized device“, “computer”, 

“processing unit“, “control device” or variations thereof should be expansively 

construed to cover any kind of electronic device with data processing capabilities, 

including, by way of non-limiting example, a processor (e.g. digital signal processor 

(DSP), a microcontroller, a field programmable gate array (FPGA), an application 

specific integrated circuit (ASIC), etc.), or a device comprising a processor and 

computer memory such as a personal computer, a server computer device, or any 

other electronic computing device, and or any combination thereof.   

As used herein, the phrase "for example," "such as", "for instance" and 

variants thereof describe non-limiting embodiments of the presently disclosed 

subject matter. Reference in the specification to "one case", "some cases", "other 

cases" or variants thereof means that a particular feature, structure or characteristic 

described in connection with the embodiment(s) is included in at least one 

embodiment of the presently disclosed subject matter. Thus the appearance of the 

phrase "one case", "some cases", "other cases" or variants thereof does not 

necessarily refer to the same embodiment(s). 
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It is appreciated that certain features of the presently disclosed subject 

matter, which are, for clarity, described in the context of separate embodiments, 

may also be provided in combination in a single embodiment. Conversely, various 

features of the presently disclosed subject matter, which are, for brevity, described 

in the context of a single embodiment, may also be provided separately or in any 

suitable sub-combination.  

In embodiments of the presently disclosed subject matter, fewer, more 

and/or different stages than those shown in Fig. 2 may be executed. In embodiments 

of the presently disclosed subject matter one or more stages illustrated in Fig. 2 may 

be executed in a different order and/or one or more groups of stages may be 

executed simultaneously.  

Fig. 1 illustrates a general schematic of a system architecture in accordance 

with an example of the presently disclosed subject matter. Functional elements in 

Fig. 1 can be made up of a combination of hardware with firmware and/or with 

software that performs the functions as defined and explained herein. Elements in 

Fig. 1 may be centralized in one location or dispersed over more than one location. 

In other examples of the presently disclosed subject matter, the system may 

comprise fewer, more, and/or different elements than those shown in Fig. 1. For 

example, vehicle controller 39 illustrated below as part of processing unit 30 can be 

otherwise implemented as a separate processing unit externally connected to 

processing unit 30. 

In the present disclosure, the following terms and their derivatives may be 

understood in light of the below explanations: 

Antenna radiation pattern (directive gain pattern) - The term antenna 

radiation pattern refers to the directional (angular) dependence of the strength of 

radio waves from/to the antenna. It can be expressed for example as a ratio of the 

radiation intensity in a given direction to the radiation of an isotropic source. 

Additionally, in the following, the antenna radiation pattern may include the 
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radiation pattern of the antenna as such and also take into account interferences of 

the aircraft structure on the antenna pattern. Indeed, components such as the 

fuselage, wings, engines, etc. may affect the antenna radiation pattern depending on 

the location of the antenna on the aircraft. Additionally, the antenna radiation 

pattern may also include a scanning capability of the antenna. Indeed, the antenna 

may be a steerable antenna provided with scanning capability. Scanning capability 

may be provided mechanically, for example by a steerable platform accommodating 

the antenna, or electronically, for example by the antenna being a phased array 

antenna. In the following, the term radiation pattern may refer to the radiation 

pattern of the antenna including additionally the influence of the positioning of the 

antenna in the aircraft and/or the scanning capability of the antenna. 

Techniques for determining the antenna radiation pattern may be based on 

numerical techniques of modeling the antenna and the aircraft. For example, 

software like WIPL-D, SAVANT, PATCH and APATCH may be used to create such 

models. Other techniques can also be used such as flight tests involving mounting 

the aircraft on a tiltable pedestal and illuminating the aircraft with a radiofrequency 

field over a wide range of orientations of the aircraft. Other techniques may also use 

a radiation chamber. 

Transceiver – the term transceiver is well known in the art. The term “on-

board transceiver” is used to refer to a transceiver on-board a vehicle operatively 

connected to one or more antennas for which a link-budget and respective pixel map 

are generated as disclosed herein. The term “Target transceiver” is used to refer to a 

transceiver used for communicating with the on-board transceiver. Notably, as 

known in the art, each transceiver may be connected to multiple antennas and have 

the ability to switch between the antennas. A vehicle may carry multiple on-board 

transceivers each operatively connected to one or more antennas and configured to 

communicate with multiple target transceivers, each likewise operatively connected 

to one or more antennas.    



– 18  –  

 

It is noted that the presently disclosed subject matter is applicable to various 

types of vehicles such as aerial, marine and ground vehicles (including both 

autonomous vehicles and manned vehicles) and is not limited to an aerial vehicle. In 

the following discussion part of the examples are made with specific reference to an 

aerial vehicle. This is done by way of example only and should not be construed as 

limiting in any way.  

Bearing the above in mind, attention is drawn to Fig. 1 illustrating a 

functional block diagram of a system, according to an example of the presently 

disclosed subject matter. The system is configured to continuously monitor dynamic 

navigation-data (and possibly also dynamic gain data) pertaining to at least one 

antenna and repeatedly calculate one or more link-budgets and respective antenna 

envelopes. The system is further configured to generate and display graphical 

representation of the one or more respective antenna envelopes. The term 

“dynamic navigation-data” as used herein includes navigation-data which  changes 

along a progression path of a vehicle including real-time navigation-data, predicted 

navigation-data and simulated navigation-data, all of which are explained below. 

System 100 can comprise for example, navigation unit 10, computer storage 

20, processing unit 30 operatively connected to at least one computer processor, 

and user interface 40. The system disclosed herein can be implemented as a 

dedicated control unit or as part of another control unit, configured to monitor 

dynamic link budget of a vehicle. In some examples, such as those related to 

unmanned vehicles, the system can be implemented in a control unit located 

remotely from the vehicle (implemented for example as part of UAV control station). 

In other examples, the system can be implemented in a control unit integrated on-

board the vehicle. According to one specific example, system 100 can be 

implemented on a portable computerized device such as a laptop computer or 

Smartphone device with sufficient processing power.   
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Navigation unit 10 can be configured to obtain navigation-data of the vehicle 

and of one or more target transceivers and/or antennas used for communicating 

with the vehicle. The navigation-data can include data indicative of a position of the 

vehicle and orientation of the vehicle (e.g. determining 6 degrees of freedom of an 

aircraft). Navigation unit 10 can comprise or be otherwise operatively connected to a 

geo-location unit 13 and to an inertial navigation unit 11. The geo-location unit may 

be configured to provide real-time position of the aircraft. For example, the geo-

location unit 13 can include a GNSS receiver of any type (e.g. GPS, GLO-NASS, Galileo 

or other). The inertial unit may be configured to provide real-time orientation of the 

aircraft. For example, the inertial unit may comprise a gyroscope or it can include 

MEMS based inertial sensors. Navigation-data with respect to the vehicle can be 

used for determining navigation-data with respect to the on-board antenna based 

on the known placement of the antenna on-board the vehicle.   

Further, navigation unit 10 can also be configured to obtain, in real-time, 

position and/or orientation of the target transceiver and/or target antenna. For 

example, navigation-data can be received from the target transceiver unit. In some 

examples, where the target transceiver is stationary, part of all of the navigation-

data pertaining to the transceiver can be pre-set and does not need to be updated.  

It is noted that in some examples, INS 11 and geo-location unit 13 are located 

remotely from other components of system 100. For example, INS and GNSS receiver 

can be located on-board an aircraft while processing unit 30 is located at a ground 

control station. In such scenarios, processing unit 30 is configured to receive the 

navigation-data from the navigation devices on-board the vehicle over a remote 

communication link and use the received information for calculating and displaying 

the link-budget related data as disclosed herein.  

Processing unit 30 can comprise for example one or more computer data 

storage devices loaded with instructions for causing one or more computer 

processor devices to execute various operations as described herein. Processing unit 
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30 is configured to repeatedly calculate for at least one antenna on-board the 

vehicle (herein “on-board antenna”) a link-budget. The link-budget comprises a 

current (e.g. instantaneous) link-budget value of each pixel in a collection of pixels, 

wherein each pixel represents a certain radiation vector in the three dimensional 

space surrounding the antenna. The link-budget value of each pixel provides the 

power of the signal received and transmitted by a transceiver in a specific direction. 

A link-budget is calculated for each different antenna separately.  

Each transceiver, connected to one or more antennas, is characterized by a 

certain sensitivity threshold which defines the ability of the transceiver to discern 

between true signals and noise. A transceiver can detect signals only if the signal 

intensity (power), or signals received through a certain antenna, is greater than the 

transceiver sensitivity threshold.  The processing unit is further configured to 

determine an antenna envelope defining directions relative to the vehicle and/or on-

board transceiver for which the link-budget value of an antenna exceeds the 

transceiver sensitivity threshold, and generates a link-budget pixel map graphically 

representing the current antenna envelope picture.  

The link-budget is calculated based on dynamic navigation-data as well as 

gain data corresponding to the on-board transceiver and respective antenna(s) and 

target transceiver and respective antenna(s). Depending on the specific mode of 

operation, dynamic navigation-data can be obtained from different sources. For 

example, in real-time mode, where real-time link-budget and antenna envelope of 

one or more on-board antennas is calculated, the navigation-data is obtained from 

navigation unit 10 on-board the vehicle. In prediction mode, where the predicated 

link-budget and antenna envelope of one or more on-board antennas is calculated, 

real-time navigation-data can be obtained from navigation unit 10 while processing 

unit 30 can be configured to calculate, based on the real-time navigation-data, the 

predicted link-budget and antenna envelope of the aircraft at some future point in 

time or some future location along an expected progression path of the vehicle. In 

simulation mode, where simulated link-budget and antenna envelope of one or 
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more on-board antennas is calculated based on a simulated progression path, 

simulated navigation-data can be obtained from another source (e.g. simulation 

engine 50) while processing unit 30 can be configured to calculate the simulated link-

budget and antenna envelope. According to some examples user interface 40 can 

include a mode selection module enabling an operator to select a preferred mode of 

operation for system 100, real-time, predicted or simulated.  

Gain data can be retrieved for example from computer storage 20 which is 

accessible to processing unit 30. According to one example, computer storage 20 can 

comprise gain maps specifying the radiation patterns of on-board antennas and 

target antennas.  

User interface 40 can comprise for example a computer display device (e.g. 

computer screen, head-up display, etc.) and various user input devices (e.g. 

computer mouse and keyboard, touchpad, touch screen, etc. for enabling user 

interaction). User interface 40 can also comprise a display driver configured to 

render a graphical representation of the pixel map, which can then be displayed on 

the display device.  

The Applicant has found that providing a dynamic link-budget pixel map 

graphically representing real-time antenna envelope picture can assist an operator 

or pilot of a vehicle to maintain the on-board transceiver within the antenna 

envelope or one or more on-board antennas in order to avoid disruption of on-board 

systems relying on communication link with the transceiver.  

Furthermore, this can provide an operator or pilot with the ability to 

anticipate the future antenna envelope picture of multiple on-board antennas and to 

control, based on this information, the communication regime of the vehicle in a 

manner which reduces the risk of communication loss. For example, an operator or 

pilot of an aircraft can use this information to control the flight route of the aircraft 

(e.g. UAV) in order to avoid entering a communication loss situation or improving 

communication quality. Also, an operator or pilot can use this information for 
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determining appropriate time for switching between different antennas for the 

purpose of maintaining continuous communication link.  

According to some examples, system 100 can comprise antennas switching 

controller 38 configured to autonomously control switching between antennas. 

Specifically switching controller 38 can be configured to generate instructions, to 

one or more transceivers, for switching from one on-board antenna to another on-

board antenna according to the calculated antenna envelope. Antennas switching 

controller 38 can receive information from envelope determination module 34 and 

generate instructions for switching from one antenna which shows link-budget 

values below threshold (referred to herein as “antenna with a negative antenna 

envelope”) to an antenna which shows link-budget values above the threshold 

(referred to herein as “antenna with a positive antenna envelope”). 

Furthermore, in an autonomous vehicle an autonomous control unit (e.g. 

autonomous flight control unit) can be configured to generate instructions for 

controlling the vehicle along a progression path selected to reduce communication 

loss with an on-board transceiver. System 100 can further comprise one or more 

vehicle controllers 39 configured to generate instructions for controlling the vehicle 

along a progression path which enables to avoid communication loss and/or improve 

communication quality with a transceiver.   

According to one example, system 100 can operate in predictive mode and 

provide vehicle controller 39 with the predicted antenna envelope picture. Vehicle 

controller 39 can use the received information to update a progression path of the 

vehicle in real-time to avoid or reduce communication loss with a transceiver.  

If it is determined (e.g. based on predicted antenna envelope picture) that 

proceeding along a certain progression path would cause a communication loss, 

vehicle controller 39 can generate and provide instructions to vehicle control unit 60 

schematically representing one or more control units configured to control 
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respective control devices 70 used for navigating the vehicle along a preferred 

progression path.  

In the example of an aircraft (e.g. UAV), control devices 70 include for 

example throttle, stabilizers, ailerons and rudders. Clearly, in other vehicles different 

control devices exist depending on the specific type of vehicle. For example, in an 

Unmanned Ground Vehicle control devices may include steering, transmission, 

throttle and breaking mechanisms.  

Fig. 2 is flowchart showing a sequence of operations related to the 

generation and displaying of a dynamic link-budget pixel map, in accordance with an 

example of the presently disclosed subject matter. Operations described with 

reference to Fig. 2 can be executed for example by system 100 described above with 

reference to Fig. 1. However, it is noted that the specific configuration of elements in 

system 100 is merely a non-limiting example and should not be construed as limiting 

in any way. 

Generation of a dynamic link-budget pixel map (also referred herein in short 

as “pixel map”) as described herein with reference to Fig. 2 can be executed for one 

or more (including any of 1, 2, 3, 4 etc.) antennas on-board an aircraft. A respective 

dynamic link-budget pixel map can be generated for each antenna. The dynamic 

nature of the pixel map results from constant updates made according to the 

changes in the navigation-data pertaining to the vehicle and/or the transceiver as 

well as updates to other signal attenuating factors such as changes to the weather.  

The three dimensional space around each antenna on-board the vehicle is 

represented by a spherical coordinate system, each point in the coordinate system 

representing a certain radiation pointing vector defined by an elevation angle 

(between 0° to 180°; conventionally marked by �) and a turning or azimuth angle 

(between 0° to 360°; conventionally marked by �). The radiation pattern mentioned 

above includes a certain directive gain value assigned to each angle in the spherical 

coordinate system. 
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At block 205 pixel representation of the radiation pattern of at least one on-

board antenna is determined. According to the presently disclosed subject matter, 

the radiation pattern is represented by a collection of pixels. The number of pixels in 

the collection of pixels depends on the desired pixel resolution. Notably, a lower 

pixel resolution contributes to a reduced processing intensiveness and therefore 

enables faster processing. Thus, according to some examples, it may be desired to 

dilute the resolution of the radiation pattern (e.g. the radiation pattern having a 

resolution of 0 to 180° in elevation angle and 0 to 360° in turning angle). 

According to one example, the pixel resolution is the same as the resolution 

of the spherical coordinate system of the radiation pattern, i.e. one pixel exists for 

each pointing vector (�, �) in the radiation pattern. According to other examples, the 

pixel resolution is greater or less than the resolution of the spherical coordinate 

system of the radiation pattern, e.g. a plurality of points (�, �) in the radiation 

pattern are represented by the same pixel.  

In some examples, processing unit 30 can be configured to assign one or 

more points (�, �) to a respective pixel.  Processing unit 30 can comprise logical pixel 

map generator 32 configured to retrieve from computer storage 20 a respective 

radiation pattern of at least one on-board antenna and generate a respective pixel 

map, where each pixel is assigned to one or more points (�, �) or in other examples 

a single point is represented by more than one pixel.  

Various ways of diluting the resolution of the radiation pattern can be used. 

For example, integration of values (e.g. averaging) or selection of a portion of the 

values (e.g. reducing the resolution in half by taking only 1 out of two existing values 

in the radiation pattern).  

At block 210 a link-budget of the antenna is calculated. This operation 

includes the calculation of a link-budget value for each pixel in the collection of 

pixels. Processing unit 30 can be configured to calculate (e.g. with the help of link-

budget calculator 33) the link-budget.  
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The link-budget is calculated based on dynamic navigation-data and gain 

data.  At least part of gain data is substantially constant and can therefore be 

retrieved from the data storage 20. At least part of the navigation-data depends on 

the current relative position between communicating antennas and is therefore 

repeatedly determined to detect changes in real-time.    

Gain data includes information pertaining to the radiation patterns of the on-

board and target antennas mentioned above (extracted for example from respective 

gain maps), as well as other parameters which influence the gain. For example, gain 

data can further include one or more of: 

the respective transmission radiation power of on-board transceiver(s) as 

well as target transceiver(s); various signal attenuating factors in both the on-board 

transceiver and the target antenna transceiver; radio frequency value; weather 

conditions; antenna polarization, etc. 

According to an example, processing unit 30 can comprise navigation 

processing module 31 configured to use data obtained from navigation unit 10 and 

determine information related to the relative position of the on-board antenna and 

target antenna including the relative position and orientation (6 DOF) of an on-board 

antenna and target antenna (e.g. with the help of azimuth determination unit and 

elevation determination unit); line of sight (LOS) between an on-board antenna and 

target antenna; range between on-board antenna and target antenna (e.g. with the 

help of range determination unit).  

Notably, the navigation-data changes with any change in the relative position 

and orientation of the vehicle and/or the on-board as well as target transceiver 

(located for example in a control station or on-board another vehicle). Accordingly, 

the calculation of the link-budget is repeated in order to obtain the current (e.g. 

instantaneous) link-budget (intensity) values which depend on the varying 

parameters. Calculation of the link-budget from navigation-data and gain data can 

be done by ways which are generally known in the art. 
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At block 215 the antenna envelope is calculated. As mentioned above, an 

antenna envelope defines directions relative to the vehicle (e.g. aircraft) for which 

the link-budget value of the antenna exceeds the sensitivity threshold of the 

transceiver.  

The actual threshold value used for determining the antenna envelope can be 

equal or greater than the transceiver sensitivity threshold. Processing unit 30 may be 

configured to derive the antenna envelope from the calculated link-budget and from 

the predetermined threshold. For example, processing unit 30 can comprise 

envelope determination module 34 configured to determine the antenna envelope.   

Each link-budget value of each pixel can be compared to a threshold value 

and if the link-budget value is greater than (or equal to) the threshold, the respective 

pixel is assigned with a certain value (e.g. 1) indicating compliance with the threshold 

condition. Otherwise, if the link-budget value is smaller than (or equal to) the 

threshold value, the respective pixel is assigned with a different value (e.g. 0) 

indicating incompliance of the link-budget value with the threshold condition.  

At block 220 a graphical representation of a pixel map is generated for each 

on-board antenna, graphically representing the respective antenna envelope. For 

example, the collection of pixels assigned to the radiation pattern points (�, �) can 

be drawn over a two dimensional coordinate system of a spherical representation. 

Color coding can be used, where each pixel is colored with a certain color depending 

on a respective link-budget value of the pixel. According to one example, if the link-

budget value is above a threshold (within the antenna envelope), the respective 

pixel is colored in one color (e.g. green) and if the link-budget value is below (or 

equal to) the threshold value (outside the antenna envelope), the respective pixel is 

colored in a different color (e.g. white color). According to one example, processing 

unit 30 can comprise graphical pixel map generator 35 configured to generate a 

graphical object of the logical pixel map which can be visually displayed on a 

computer display device.  
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At block 225 the pixel map, as well as the relative position of the target 

antenna, are displayed on a computer display. To this end user interface 40 can 

comprise for example a display driver configured to render the pixel map on a 

display device. In some examples, generated pixel maps can be displayed in the 

same window, where different pixel maps of difference antennas are overlaid, and in 

other examples in separate windows, each designated for displaying a respective 

pixel map.   

As mentioned above, operations described with reference to blocks 210 to 

225 are performed repeatedly, where in each repetition updated input dated is 

used. The updated input data includes updated navigation-data and/or updated gain 

data. For example, in case these operations are used for determining and displaying 

the real-time antenna envelope picture, real-time navigation-data is used in each 

repetition. The pixel maps and their respective graphical representations are 

continuously updated to show real-time information.   

An operator or pilot can view the displayed information, monitor the antenna 

envelope, and decide, based on the displayed information, what can be done in 

order to maintain or regain communication link with the target antenna. For 

example, the operator can generate maneuvering instructions for directing the 

vehicle to regain communication, or switching instructions to switch to a different 

antenna.   

As explained above, according to some examples, the process described 

above can be executed in prediction mode. In prediction mode, a predicted antenna 

envelope is calculated and a predicted dynamic link-budget pixel map is generated 

and displayed. For example, assuming a desired or estimated flight route of an 

aircraft is known, the predicted antenna envelope picture at future locations of the 

aircraft (e.g. a few kilometers ahead along the aircraft’s flight route) is calculated. To 

this end, the future navigation-data at a future location of the aircraft along the 

expected flight route is used to calculate the future antenna envelope at that time 
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and a respective predicted pixel map is generated and displayed on the computer 

screen.  

In prediction mode, the calculation of the antenna envelope picture and 

generation or update of the respective pixel map can also be repeated. For example, 

assuming the a pixel map is generated for displaying the predicted antenna envelope 

picture 3 miles ahead along the flight route of an aircraft, the respective calculations 

are repeated to continuously provide the correct prediction which changes as the 

aircraft proceeds along its flight route.  

According to one example, the future navigation-data can be time based (i.e. 

predicted navigation-data in a future time); according to another example, the 

future navigation-data can be range based (i.e. predicted navigation-data at a certain 

distance from the current position); according to yet another example the future 

navigation-data can be position based (i.e. predicted navigation-data at a specific 

future location or along a certain section of the vehicle’s progression path).  

 According to some examples, it is determined whether communication loss 

has occurred or is anticipated given the current or predicted antenna envelope(s) 

(block 230). In the event that communication loss has occurred, or is expected, an 

alert can be generated for alerting the operator or pilot of the communication loss 

(block 235). According to some examples, an alert can also be generated to indicate 

that autonomous antenna switching and/or vehicle redirection instructions are 

executed. 

To this end processing unit 30 can be configured to determine whether 

communication loss (or substantial reduction in signal intensity) has occurred or is 

expected (e.g. with the help of communication loss predictor 36) and if so, to 

generate instructions for activating an alert of some sort for alerting the operator or 

pilot (e.g. with the help of alert generator 37). The alert can be of any kind (or a 

combination of different alerts) including: an on-display alert where information 

indicative of the pending alert is displayed on the display device; an audible alert 
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(activating some type of distinctive sound); turning on a designated light; etc. Alert 

device in user interface can be any type of device which can be used for generating 

the alert such as, a lighting device, an audio speaker or a dedicated siren, a computer 

display, etc.  

According to some examples, at block 240 if it is determined that 

communication loss has occurred or is anticipated, instructions to switch between 

antennas are generated (e.g. by antenna switching controller 38). The switching is 

made from one antenna which is anticipated to be (or is already) with a negative 

antenna envelope, to a different antenna which is or is about to be with a positive 

antenna envelope status. Instructions can be sent to one or more respective antenna 

controllers which are configured for controlling the operations of the antennas. In 

prediction mode the switching is synchronized with the time of the future 

communication loss.  

Furthermore, instructions for controlling the vehicle can be generated, e.g. by 

one or more vehicle controllers 39 (block 245). Instructions can be provided to 

vehicle control unit 60 and may be directed for example, for maneuvering the 

vehicle in order to avoid communication loss of an antenna or maneuvering the 

vehicle to position at least one on-board antenna in a positive antenna envelope.  

According to some examples the process described above can be executed in 

simulation mode. In simulation mode, a simulated progression path (e.g. flight route) 

of a vehicle is generated. The relative position and orientation of at least one on-

board antenna and target antenna along the simulated progression path is fed to 

processing unit 30 (e.g. by simulation engine 50). The simulated navigation-data 

input is used for calculating a simulated dynamic link-budget and a respective 

simulated antenna envelope along the planned progression path. Optionally, a 

graphical representation of the simulated dynamic link-budget pixel map (which is 

being constantly updated to simulate the progression along the simulated path) can 

be also generated and displayed on the display device.  



– 30  –  

 

The simulation mode can assist for example in identifying anticipated 

communication losses along a progression path as it is being planned; plan a 

switching scheme between antennas to be executed in real-time for switching 

between antennas for the purpose of avoiding communication loss; and make 

changes to the progression path in order to avoid such communication loss in real-

time.  

Turning to Fig. 3a it shows a schematic illustration of graphical user interface 

display, according to an example of the presently disclosed subject matter. 

According to one non-limiting example, the graphic user interface (GUI) can include 

two windows, one window (A) displaying an illustration of a vehicle (in this example 

an aircraft) 300 and the target antenna TA, and another window (B) displaying a 

graphical display of the pixel map. Window B shows a graphical representation of the 

pixel map drawn on a spherical coordinate system used for representing the three 

dimensional space around the antenna.  

In one example, the azimuth angle (e.g. ranging from -180 to 180) is plotted 

on the X axis of the coordinate system (wherein the nose of the aircraft coincides 

with 0) and the elevation angle (e.g. ranging from -90 to 90) is plotted along the Y 

axis of the coordinate system. The areas in the graph which are colored are those 

containing pixels which have a link-budget value above (or possibly above or equal 

to) the threshold value, and the areas in the graph which are not colored, are those 

containing pixels which have a link-budget value below (or possibly below or equal 

to) the threshold value.  

In the illustrated example two pixel maps are shown in window B, each pixel 

map representing the envelope of a respective antenna on-board aircraft. One pixel 

map (350) shows the envelope of a first on-board antenna (OB ANT1, where pixels 

having link-budget values above threshold are indicated by a diagonal stripes 

pattern). Another pixel map (310) shows the envelope of a second on-board antenna 

(OB ANT2, where pixels having link-budget values above threshold are indicated by a 
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dotted pattern). Also one target antenna (TA) is shown (indicated by the dark 

rectangle). The area located in the center between the two pixel maps is the 

overlapping area (330), where both on-board antennas are within their envelope. 

Therefore, either one of the on-board antennas can be used for communicating with 

a target antenna located within the overlapping area.  

Fig. 3a shows a snapshot of a dynamic pixel map representing link-budget 

data of the two on-board antennas at a certain instance (T1). Notably, at the time of 

the illustrated snapshot T1 the relative position of the target antenna (TA) and 

aircraft 300 is such that TA is located within the envelope of OB ANT1 (having a 

positive antenna envelope) but outside the envelope of OB ANT2 (having a negative 

antenna envelope). Therefore, during this time only OB ANT1 can be used for 

communicating with target antenna TA1.  

Fig. 3b shows another schematic illustration of graphical user interface 

display, according to an example of the presently disclosed subject matter. This 

example shows the dynamic pixel map of the two on-board antennas shown in Fig. 

3a at a later time instance T1+ Δ1 (Δ1 representing a certain time period following T1). 

Notably, at time of the illustrated snapshot  T1+ Δ1, the relative position of the target 

antenna (TA) and aircraft 300 is such that TA is located within the overlapping area 

330 and therefore within the envelope of both OB ANT1 and OB ANT2. Therefore, 

during this time either one of antennas can be used for communicating with target 

antenna TA.  

Fig. 3c shows another schematic illustration of graphical user interface 

display, according to an example of the presently disclosed subject matter. This 

example shows the dynamic pixel map representing the link-budget data of the two 

on-board antennas at a certain instance (T1+Δ2). Notably, at time of the illustrated 

snapshot T1+Δ2 the relative position of the target antenna (TA) and aircraft 300 is 

such that TA is located outside the envelope of OB ANT1 (having a negative antenna 

envelope) but within the envelope of OB ANT 2 (having a positive antenna 
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envelope). Therefore, during this time only OB ANT 2 can be used for communicating 

with target antenna TA.  

Figs. 3a to 3c show the displayed graphics which represent the dynamics of 

the antenna envelopes over time. As the aircraft travels, the displayed data is 

continuously adapted according to current link-budget of each on-board antenna. 

The graphical display accordingly is continuously updated and refreshed, based on 

dynamic data to provide an animated display of a dynamic link-budget pixel map as 

the vehicle is proceeding along its progression path.   

By maintaining the nose of the vehicle (e.g. aircraft) constantly aligned with 

the center of the graph (0 coordinate) the graphical representation of the pixels 

maps provides and visually simulates the point of view seen from the front cabin of 

the vehicle (e.g. a cockpit of an aircraft). An operator viewing the pixel map is thus 

provided with a visual sensation as if he is sitting in the vehicle as the vehicle is 

advancing along the progression path.  

Notably, while the examples in Figs. 3a to 3c have shown the graphical 

representation of two pixel maps of two on-board antennas, in other examples a 

single pixel map or more pixel maps of more antennas can be shown as well.   

Turning to Fig. 4 it shows another schematic illustration of graphical user 

interface display in prediction mode, according to an example of the presently 

disclosed subject matter.  

Fig. 4 shows a schematic illustration of graphical user interface display similar 

to that shown in Figs. 3a to 3c. Fig. 4 shows an example of a screen display in 

prediction mode. The screen display includes three windows. Window A shows an 

illustration of aircraft 300 and its relative position with respect to target antenna TA. 

Window B shows the real-time envelope of an on-board antenna and the relative 

position of the target antenna. Window C shows a predicted envelope of an on-

board antenna (e.g. 10 Km ahead of the real-time position) and the relative position 

of the target antenna.  
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As described above, the real-time pixel map is repeatedly calculated and 

updated based on real-time navigation-data. Likewise, the predicated pixel map is 

repeatedly calculated and updated, to present changes in the link-budget resulting 

from changes in the navigation-data. For example, the predicted pixel map can be 

repeatedly updated to show the predicted link-budget picture which is expected 10 

Km ahead of the real-time position of the vehicle.   

As indicated by the illustration in fig. 4, the real-time pixel map shows that 

the target antenna (indicated by the black rectangle) is located outside the envelope 

of the on-board antenna. Therefore, the on-board antenna cannot be used for 

communicating with the target antenna in real-time. In order to establish a 

communication link between the aircraft and the target antenna, a different on-

board antenna and/or a different target antenna should be used. Alternatively, the 

aircraft should be maneuvered to change its position in order to bring the target 

antenna within the envelope of the on-board antenna.  

The predicted pixel map shows that given the predicted navigation-data and 

gain data of the aircraft at a future location, the target antenna is expected to be 

within the envelope of the on-board antenna.  

In the illustrated example, window A also illustrates information pertaining to 

the relative position (e.g. range) between the aircraft and the target antenna. As is 

evident from the illustration, as the aircraft flies closer to the target antenna, the 

envelope of the on-board antenna increases.  

Fig. 5 is another example of a schematic illustration of graphical user 

interface display in prediction mode, similar to Fig. 4. In Fig. 5 the dynamic pixel 

maps of two different on-board antennas (OB ANT1, OB ANT2) are shown. Window 

B shows the real-time pixel map 510 of a first on-board antenna and the real-time 

pixel map 530 of a second on-board antenna. Window C shows the predicated pixel 

map 510 of the first on-board antenna and the predicated pixel map 530 of the 

second on-board antenna. As seen in the illustrated example, in real-time the target 
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antenna is located outside the envelope of the first on-board antenna but within the 

envelope of the second on-board antenna. Thus, for example communication control 

unit on-board the aircraft can be switched to use the second antenna for 

communicating with the target antenna.  

Window C shows that, given the predicted navigation-data and gain data the 

relative position of the target antenna is expected to be within the envelope of the 

first on-board antenna and outside the envelope of the second on-board antenna. 

Therefore, as the aircraft progresses towards the target antenna, communication 

control unit on-board the aircraft can be switched to use the first antenna for 

communicating with the target antenna, in order to maintain continuous 

communication link with the aircraft.  

Fig. 6 is another schematic illustration of graphical user interface display, 

according to an example of the presently disclosed subject matter. Different than 

Fig. 4 that shows the real-time pixel map and predicated pixel map in two different 

windows, in Fig. 6 both pixel maps are shown in the same window. The real-time 

pixel map is shown by the solid gray area. The predicated pixel map is shown by the 

striped area. Fig. 6 also shows two different target antennas, TA1 and TA2.  As can 

be seen from the illustration, there is an overlapping area between the real-time 

pixel map and the predicted pixel map. While some of the areas covered by the real-

time pixel map are absent from the predicted pixel map, there are two new regions 

which are covered by the predicted pixel map but not the real-time pixel map (the 

dotted region at the top and bottom of the pixel map).  

The graphical display also shows the relative position of each one of the two 

target antenna with respect to each one of the pixel maps. This allows an operator to 

select an appropriate target antenna for communicating with the aircraft based on 

the envelope of each antenna. Furthermore, an operator or pilot can follow the 

displayed information and prepare for upcoming changes in the envelope of 
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different antenna and switch between different on-board antennas and/or target 

antennas to avoid or reduce communication link loss.   

It is to be understood that some aspects of the presently disclosed subject 

matter may be a suitably programmed computer. Likewise, the presently disclosed 

subject matter contemplates a non-transitory computer storage device being 

readable by a computer for executing the method of the presently disclosed subject 

matter. The presently disclosed subject matter further contemplates a computer-

readable memory (transitory and non-transitory) tangibly embodying a program of 

instructions executable by the computer for executing the method of the presently 

disclosed subject matter. 

It is also to be understood that the presently disclosed subject matter is not 

limited in its application to the details set forth in the description contained herein 

or illustrated in the drawings. The presently disclosed subject matter is capable of 

other embodiments and of being practiced and carried out in various ways. Hence, it 

is to be understood that the phraseology and terminology employed herein are for 

the purpose of description and should not be regarded as limiting. As such, those 

skilled in the art will appreciate that the conception upon which this disclosure is 

based may readily be utilized as a basis for designing other structures, methods, and 

systems for carrying out the several purposes of the present presently disclosed 

subject matter. 

Throughout this specification and the claims which follow, unless the context 

requires otherwise, the word “comprise”, and variations such as “comprises” and 

“comprising”, will be understood to imply the inclusion of a stated integer or step or 

group of integers or steps but not the exclusion of any other integer or step or group 

of integers or steps. 

The reference in this specification to any prior publication (or information 

derived from it), or to any matter which is known, is not, and should not be taken as 

an acknowledgment or admission or any form of suggestion that that prior 
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publication (or information derived from it) or known matter forms part of the 

common general knowledge in the field of endeavour to which this specification 

relates. 
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Claims Defining the Invention:  

1. A computer-implemented method of monitoring dynamic link-budget of at 

least one on-board antenna fixed on a vehicle; the computer comprising at least one 

processor, the method comprising operating the at least one processor for:  

(i) calculating link-budget of the at least one on-board antenna with respect 

to at least one target antenna; the link-budget comprises a respective link-budget 

gain value assigned to each pixel in a collection of pixels, where each pixel in the 

collection of pixels represents a respective radiation vector in a three dimensional 

space around the at least one antenna; and wherein the link-budget is calculated 

based on input data including gain data of the at least one antenna and navigation-

data;   

 determining for each pixel in the collection of pixels, compliance of the 

respective link-budget gain value with a threshold value, thereby obtaining a 

respective antenna envelop of the at least one on-board antenna; 

displaying on a computer display device graphical representation of a pixel 

map representing at least the respective antenna envelope; wherein the pixel map 

indicates with respect to each pixel, compliance with the threshold value, along with 

an indication of the relative location of the at least one target antenna;  

 (ii) continuously monitoring dynamics of the input data and repeating the 

operations in (i) wherein in each repetition:  

utilizing updated navigation-data, if such exists,  for updating the pixel map, 

and displaying on the display device an updated graphical representation of the pixel 

map.  

2. The method of claim 1 wherein the gain data comprises a respective 

radiation pattern of the at least one antenna, and radiation power of a transceiver 

operatively connected to the at least one antenna; and  
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the navigation-data comprises a relative position of the at least one antenna 

and the at least one target antenna. 

3. The method of claim 1, further comprising:  

wherein updated navigation-data includes any one of: 

navigation-data collected in real-time; or predicted navigation-data; and 

continuously displaying graphical representation of the pixel map pertaining 

to real-time location of the vehicle and/or predicted location of the vehicle. 

4. The method of claim 1, further comprising:  

wherein there is a plurality of on-board antennas on the vehicle, and 

generating and displaying representation of a pixel map of each one of the plurality 

of on-board antennas.  

5. The method of claim 4 further comprising displaying an overlap between the 

antenna envelop of different antennas of the plurality of on-board antennas. 

6. The method of claim 1, wherein the collection of pixels in the pixel map are 

drawn over a two dimension spherical coordinate system.  

7. The method of claim 1 further comprising generating the pixel map including: 

assigning one or more radiation pattern angles to a respective pixel in the pixel map.  

8. The method of claim 1, further comprising: wherein the navigation-data 

includes simulated navigation-data of a simulated progression path of the vehicle 

and the pixel map is a simulated pixel map generated based on the simulated 

navigation-data; 

simulating link-budget of the at least one on-board antenna along the 

simulated progression path; and  

generating output including location along the simulated progression path 

where communication loss with the target antenna is expected.  
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9. The method of claim 8 wherein there is a plurality of on-board antennas on 

the vehicle; the method comprising: 

generating a switching scheme to be executed in real-time; the antennas 

switching scheme comprising instructions indicating when to switch between 

antennas in order to maintain continuous communication link to a target antenna.  

10. The method of claim 1 based on the antenna envelop, autonomously 

generating antenna switching commands for switching between antennas to avoid 

communication loss.  

11. The method of claim 1 further comprising: autonomously generating steering 

commands for controlling the vehicle and maintaining the vehicle within the antenna 

envelope.  

12. The method of  claim 1 wherein the vehicle is an aircraft 

13. The method of claim 1 wherein displaying of the graphical representation of 

the pixel map is done in a manner which simulates a point of view seen from the 

front cabin of the vehicle. 

14. A computer-implemented system for monitoring dynamic link-budget of at 

least one on-board antenna fixed on a vehicle; the computer-implemented system 

comprising at least one processing unit comprising one or more computer 

processors operatively connected to computer memory; the at least one processing 

unit is configured to: 

(i) calculate link-budget of the at least one on-board antenna with respect to 

at least one target antenna; the link-budget comprises a respective link-budget gain 

value assigned to each pixel in a collection of pixels, where each pixel in the 

collection of pixels represents a respective radiation vector in a three dimensional 

space around the at least one antenna; and wherein the link-budget is calculated 

based on input data including gain data of the at least one antenna and navigation-

data;   



– 40  –  

 

 determine for each pixel in the collection of pixels, compliance of the 

respective link-budget gain value with a threshold value, thereby obtaining a 

respective antenna envelop of the at least one on-board antenna; 

display on a computer display device graphical representation of a pixel map 

representing at least the respective antenna envelope; wherein the pixel map 

indicates with respect to each pixel, compliance with the threshold value, along with 

an indication of the relative location of the at least one target antenna;  

 (ii) continuously monitor dynamics of the input data and repeating the 

operations in (i) wherein in each repetition:  

utilize updated navigation-data, if such exists,  for repeatedly updating the 

pixel map, and displaying on the display device an updated graphical representation 

of the pixel map.  

15. The system of claim 14 wherein:  

updated navigation-data includes any one of: 

navigation-data collected in real-time; or predicted navigation-data;  

the at least one processing unit is configured to cause continuous display of 

graphical representation of the pixel map pertaining to real-time location of the 

vehicle and/or predicted location of the vehicle. 

16. The system of claim 14 further comprising a navigation unit configured to 

determine real-time navigation-data.  

17. The system of claim 14 further comprising a user interface including a display 

device and wherein there are a plurality of on-board antennas on the vehicle, the 

user interface is configured to display graphical representation of a pixel map of each 

one of the plurality of on-board antennas each.  

18. The system of claim 14 wherein the collection of pixels in the pixel map are 

drawn over a two dimension spherical coordinate system.  
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19. The system of claim 14 wherein the navigation-data includes simulated 

navigation-data of a simulated progression path of the vehicle and the pixel map is a 

simulated pixel map, generated based on the simulated navigation-data; the at least 

one processing unit is configured to: 

simulate link-budget of the at least one on-board antenna along the 

simulated progression path; and  

generate output including location along the simulated progression path 

where communication loss with the target antenna is expected.  

20. The system of claim 19 wherein there are a plurality of on-board antennas on 

the vehicle; the at least one processing unit is configured to: 

generate a switching scheme to be executed in real-time; the antennas 

switching scheme comprising instructions indicating when to switch between 

antennas in order to maintain continuous communication link with a target antenna.  

21. The system of claim 14 wherein the at least one processing unit is further 

configured to autonomously generate antenna switching instructions, for switching 

between antennas in order to switch to avoid communication loss with the target 

antenna.  

22. The system of claim 14 further configured to autonomously generate steering 

commands for controlling the vehicle and maintaining the vehicle within the antenna 

envelope.  

23. A non-transitory program storage device readable by a computer, tangibly 

embodying computer readable instructions executable by the computer to perform  

a method of monitoring dynamic link-budget of at least one on-board antenna fixed 

on a vehicle; the computer comprising at least one processing unit, the method 

comprising operating the at least one processor for:  

(i) calculating link-budget of the at least one on-board antenna with respect 

to at least one target antenna; the link-budget comprises a respective link-budget 
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gain value assigned to each pixel in a collection of pixels, where each pixel in the 

collection of pixels represents a respective radiation vector in three dimensional 

space around the at least one antenna; and wherein the link-budget is calculated 

based on input data including: gain data of the at least one antenna and navigation-

data;   

 determining for each pixel in a collection of pixels, compliance of the 

respective link-budget gain value with a threshold value, thereby obtaining a 

respective antenna envelop of the at least one on-board antenna; 

displaying on a computer display device graphical representation of a pixel 

map representing at least the respective antenna envelope; wherein the pixel map 

indicates with respect to each pixel, compliance with the threshold value, along with 

an indication of the relative location of the at least one target antenna;  

 (ii) continuously monitoring dynamics of the input data and repeating the 

operations in (i) wherein in each repetition:  

using updated navigation-data, if such exists,  for updating the pixel map, and 

displaying on the display device an updated graphical representation of the pixel 

map  

24. A computer-implemented system for monitoring dynamic link-budget of at 

least one on-board antenna fixed on a vehicle;  

the computer-implemented system comprising at least one computer 

configured and operable to: 

calculate link-budget of the at least one on-board antenna with respect to at 

least one target antenna; the link-budget comprises a respective link-budget value 

assigned to each pixel in a collection of pixels, where each pixel in the collection of 

pixels represents a respective radiation vector in a three dimensional space around 

the at least one antenna; and wherein the link-budget is calculated based on input 

data including gain data and navigation-data;   
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determine for each pixel in the collection of pixels, compliance of the 

respective link-budget value with a sensitivity threshold value of the transceiver, 

thereby obtaining a respective antenna envelope of the at least one on-board 

antenna; 

generate a pixel map representing at least the respective antenna envelope; 

wherein the pixel map indicates with respect to each pixel, compliance with the 

threshold value, along with an indication of the relative location of the at least one 

target antenna;  

continuously monitor dynamics of the input data and utilizing updated 

navigation-data, if such exists,  for repeatedly updating the pixel map. 

 

25. A vehicle comprising a system for monitoring dynamic link-budget of at least 

one on-board antenna fixed on the vehicle; the system comprising at least one 

computer configured and operable to: 

calculate link-budget of the at least one on-board antenna with respect to at 

least one target antenna; the link-budget comprises a respective link-budget value 

assigned to each pixel in a collection of pixels, where each pixel in the collection of 

pixels represents a respective radiation vector in a three dimensional space around 

the at least one antenna; and wherein the link-budget is calculated based on input 

data including gain data and navigation-data;  

determine for each pixel in the collection of pixels, compliance of the 

respective link-budget value with a sensitivity threshold value of the transceiver, 

thereby obtaining a respective antenna envelope of the at least one on-board 

antenna; 

generate a pixel map representing at least the respective antenna envelope; 
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wherein the pixel map indicates with respect to each pixel, compliance with 

the threshold value, along with an indication of the relative location of the at least 

one target antenna; and  

continuously monitor dynamics of the input data and utilizing updated 

navigation-data, if such exists, for repeatedly updating the pixel map. 

 


