
WO 2016/164456 	 PCT/US2016/026207 

ELEVATION ANGLE ESTIMATING SYSTEM AND METHOD FOR USER TERMINAL PLACEMENT 

Field  

[0001] 	The present disclosure relates to user terminals of non-geostationary satellite 

communications systems. More particularly, the present disclosure relates to a device and 

method for estimating the elevation angle of one or more objects surrounding a user terminal 

to help the user properly position the user terminal so that it has an unobstructed view of the 

sky. 

Background  

[0002] 	Satellite systems for bringing low-cost broadband internet service to any location on 

the earth are currently being developed. Such systems typically include gateway antennas that 

link the internet to a fleet of non-geostationary satellites, which in turn link to inexpensive user 

terminals positioned on the earth. The user terminals deliver Internet connectivity to 

residences and businesses. 

[0003] 	The inexpensive user terminal mentioned above, includes an antenna that requires 

an unobstructed view over a large section of the sky in all azimuthal directions (north, south, 

east, and west directions) in order to receive uninterrupted service from the satellites. Trees, 

buildings, and mountains must remain below a certain elevation angle (the angle above the 

horizon i.e., the line at which the earth and sky appear to meet) in all the azimuthal directions. 

In some parts of the world, the maximum elevation angle can be as low as about 45 degrees. 

An example of such a user terminal is described in U.S. Application Serial No. 14/627,577, filed 

February 20, 2015 and entitled "User Terminal Having A Linear Array Antenna With Electronic 

And Mechanical Actuation System." 

[0004] 	Individual users with a minimum of expertise are likely to be mounting and installing 

the user terminal, therefore, it is essential that they be able to position the user terminals at 

their residences, business, and the like, in such a way that the user terminal has an 

unobstructed view of the sky. 
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[0005] 	To maintain low-cost internet service, the user should be capable of locating, 

mounting, installing, and positioning their user terminal without professional assistance. 

Because the user terminal must have an unobstructed view of the sky in all azimuthal 

directions, down to an elevation angle of about 45 degrees above the horizon in some 

applications, the ability of the user to locate and position their user terminal correctly is a 

significant challenge. Currently, users located and position their user terminal by visually 

estimating whether the terminal has an unobstructed view of the sky, which often leads to 

errors of up to 10 degrees and issues with dropout periods. Surveying equipment can be used 

to help locate and position the user terminals correctly, but such equipment is expensive and 

requires specialized skill to operate. 

[0006] 	The problem with respect to providing an unobstructed view of the sky for the user 

terminal, is new in the area of telecommunications. Older wireless communication networks 

used lower radio frequencies that were unaffected by trees, buildings and similar obstructions. 

Newer communication systems operating at higher frequencies only require an antenna to 

have a clear view along one unchanging line-of-sight to a geostationary satellite. However, 

inexpensive user terminals, such as the one described in U.S. Application Serial No. 14/627,577 

require an unobstructed view of the sky in all azimuthal directions in order to avoid 

unacceptably long dropout periods caused by blocked portions of the sky. 

[0007] 	Accordingly, an inexpensive and easy-to-use system and method are needed for 

allowing a user to accurately estimate the elevation angle of one or more surrounding objects 

so that the user can locate and position a user terminal of a non-geostationary satellite 

communications system so that it has an unobstructed view of the sky in all azimuthal 

directions down to an elevation angle of about 45 degrees. 

Summary  

[0008] 	Disclosed herein is a system for estimating the elevation angle of one or more 

objects surrounding a user terminal. The system, in various embodiments, may comprise a 

camera device for capturing an image of the sky, and a display device for displaying the image 

of the sky captured by the camera device, wherein one of the camera device and the display 

device generates an elevation limit marking in the image of the sky displayed by the display 
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device, wherein the elevation limit marking defines an elevation angle above a horizon of the 

earth that all the one or more objects in a field of view of the camera device must remain below 

so that the user terminal has an unobstructed view of the sky in all azimuthal directions. 

[0009] 	Also disclosed herein is a camera device for estimating the elevation angle of one or 

more objects surrounding a user terminal. The camera device, in various embodiments, may 

comprise an image sensor capturing an image of the sky. The camera device generates the 

elevation limit marking in the image of the sky that will be displayed by a display device. 

[0010] 	Further disclosed herein is a display device for estimating the elevation angle of one 

or more objects surrounding a user terminal. The display device, in various embodiments, may 

comprise a display screen for displaying an image of the sky captured by a camera device and a 

processor. In some embodiments, the display device may include a software application, which 

when executed by the processor adds the elevation limit marking to the image of the sky 

displayed on the display screen. In other embodiments, the display device may include 

firmware, hardware, software, or any combination thereof, that adds the elevation limit 

marking to the image of the sky displayed on the display screen. 

[0011] 	In some embodiments, the elevation angle defined by the elevation limit marking 

may comprise a maximum elevation angle. 

[0012] 	In some embodiments, the camera device may include an image sensor for 

capturing the image of the sky. 

[0013] 	In some embodiments, the image sensor may comprise a charge-coupled device. 

[0014] 	In some embodiments, the image sensor may comprise a CMOS active-pixel device. 

[0015] 	In some embodiments, the camera device may include an optical system for focusing 

light, representing the sky and the one or more objects in the field of view of the camera 

device, on the image sensor. 

[0016] 	In some embodiments, the optical system may include a wide-angle lens. 
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[0017] 	In some embodiments, the optical system may include a reticle that generates the 

elevation limit marking that is superimposed on the image of the sky displayed on the display 

device. 

[0018] 	In some embodiments, the camera device may include image processing and 

communication electronics. 

[0019] 	In some embodiments, the image processing and communication electronics may 

include firmware, hardware, software, or any combination thereof, for image acquisition and 

wireless transmission the image of the sky to the display device. 

[0020] 	In some embodiments, the image of the sky may be a real-time video image and 

wherein the image processing and communication electronics generates the real-time video 

image. 

[0021] 	In some embodiments, the image of the sky may be a still image and wherein the 

firmware generates the still image. 

[0022] 	In some embodiments, the image processing and communication electronics allows 

for one or more of BLUETOOTH, Wi-Fi, Internet, and cellular data transmission of the image of 

the sky to the display device. 

[0023] 	In some embodiments, the image processing and communication electronics may 

include firmware, hardware, software, or any combination thereof, for wired transmission of 

the image of the sky to the display device. 

[0024] 	In some embodiments, the image processing and communication electronics for 

wired transmission allows for a Universal Serial Bus connection of the camera device with the 

display device. 

[0025] 	In some embodiments, the system may further comprise a Universal Serial Bus On-

The-Go adaptor for wired connection of the camera device with the display device. 

[0026] 	In some embodiments, the image processing and communication electronics adds 

the elevation limit marking to the image of the sky displayed on the display device. 
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[0027] 	In some embodiments, the camera device may include a processor for controlling 

the functions of the image processing and communication electronics. 

[0028] 	In some embodiments, the display device may comprise a portable or a mobile 

device having a display screen for displaying the image of the sky captured by the camera 

device. 

[0029] 	In some embodiments, the portable or mobile device may comprise a hand held 

device. 

[0030] 	In some embodiments, the handheld device may comprise a smart phone or a tablet 

computer. 

[0031] 	In some embodiments, the portable or mobile device may comprise a laptop 

computer. 

[0032] 	In some embodiments, the display device may include firmware, hardware, 

software, or any combination thereof, for wireless reception of the image of the sky 

transmitted by the camera device. 

[0033] 	In some embodiments, the firmware, hardware, software, or any combination 

thereof, allows one or more of BLUETOOTH, Wi-Fi, Internet, and cellular data reception of the 

image of the sky transmitted from the camera device. 

[0034] 	In some embodiments, the display device may include firmware, hardware, 

software, or any combination thereof, for wired reception of the image of the sky transmitted 

by the camera. 

[0035] 	In some embodiments, the firmware, hardware, software, or any combination 

thereof, for wired reception provides for a Universal Serial Bus connection between the display 

device and the camera device. 

[0036] 	In some embodiments, the display device may include a software application, which 

when executed by a processor of the display device displays the image of the sky on the display 

device. 

5 



WO 2016/164456 	 PCT/US2016/026207 

[0037] 	In some embodiments, when the software application is executed by the processor 

the software application adds the elevation limit marking to the image of the sky displayed on 

the display device. 

[0038] 	In some embodiments, the display device may include firmware, hardware, 

software, or any combination thereof, that adds the elevation limit marking to the image of the 

sky displayed on the display device. 

[0039] 	In some embodiments, the elevation limit marking may comprise a circle. 

[0040] 	In some embodiments, if the one or more objects is substantially outside the 

elevation limit marking, the one or more objects are estimated to be below the elevation angle. 

[0041] 	In some embodiments, if a portion of the one or more objects is substantially inside 

the elevation limit marking, the one or more objects are estimated to be above the elevation 

angle. 

[0042] 	In some embodiments, the camera device and display device comprise an integral 

unit. 

[0043] 	Further disclosed herein is user terminal which may comprise, in various 

embodiments, a housing, an antenna associated with the housing, and the above described 

camera device disposed on or integrated into the housing. 

[0044] 	Further disclosed herein is user terminal which may comprise, in various other 

embodiments, a housing, an antenna associated with the housing, and the above described 

system disposed on or integrated into the housing. 

[0045] 	Further disclosed herein is a method for estimating the elevation angle of one or 

more objects surrounding a user terminal. The method may comprise, in various embodiments, 

capturing an image of the sky with a camera device that is disposed on, attached to, disposed 

in, or disposed adjacent, to the user terminal, superimposing an elevation limit marking on the 

image of the sky, the elevation limit marking defining an elevation angle above a horizon of the 

earth that all the one or more objects in a field of view of the camera device must remain below 

so that the user terminal has an unobstructed view of the sky in all azimuthal directions, and 
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displaying the image of the sky on a display device to ascertain the location of each of the one 

or more objects in the image relative to the elevation limit marking. 

Brief Description of the Drawings 

[0046] 	FIG. 1 is a functional block diagram of an embodiment of an elevation angle 

estimating system according to the present disclosure. 

[0047] 	FIG. 2A is a perspective view of an embodiment of a user terminal which 

incorporates an embodiment of a camera device of the elevation angle estimating system. 

[0048] 	FIG. 2B is a perspective view of another embodiment of the user terminal with 

another embodiment of the camera device of the elevation angle estimating system removably 

mounted thereon. 

[0049] 	FIG. 2C is a perspective view of another embodiment of a user terminal which 

incorporates another embodiment of the elevation angle estimating system. 

[0050] 	FIG. 2D is a perspective view of the user terminal illustrated in FIG. 2B with another 

embodiment of the elevation angle estimating system removably mounted thereon. 

[0051] 	FIG. 3 is a schematic diagram of an embodiment of the camera device illustrating an 

optical system and an image sensor of the camera device of the elevation angle estimating 

system. 

[0052] 	FIG. 4 is a top plan view of an embodiment of a display device of the elevation angle 

estimating system that illustrates an image of the sky captured by the camera device and 

transmitted to the display device when the user terminal has been properly located and 

positioned. 

[0053] 	FIG. 5 is a top plan view of the display device illustrated in FIG. 4, which illustrates an 

image of the sky captured by the camera device and transmitted to the display device when the 

user terminal has been improperly located and positioned. 
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[0054] 	FIG. 6 is a flowchart illustrating an embodiment of a method for estimating the 

elevation angle of one or more objects surrounding a user terminal with the system of the 

present disclosure. 

Detailed Description  

[0055] 	FIG. 1 illustrates an embodiment of an elevation angle estimating system 10 for 

allowing a user to accurately estimate the elevation angle of one or more surrounding objects, 

according to the present disclosure. The system 10 comprises a camera device 20 for capturing 

a real-time video image or a still image of the sky (sky image) and a display device 40 in 

communication with the camera device 20 to display the real-time video image or the still 

image of the sky, to a user. 

[0056] 	As illustrated in FIG. 1, the camera device 20 and the display device 40 of the system 

10 can be configured as separate components or units. The display device 40 can comprise a 

portable or mobile device with a display screen 42, such as a laptop computer or a hand held 

device, such as a smart phone or a tablet computer. The display device 40, in other 

embodiments, can comprise any device that is capable of communicating with the camera 

device 20 and displaying the sky image captured by the camera device 20, to the user. 

[0057] 	The camera device 20 of the system 10 can include an image sensor 22, an optical 

system 24, image processing/communication (IPC) electronics 26, a power source 28, an 

activation button 30, and a processor 32. The camera device 20 can be a part of the user 

terminal. An example of such a user terminal is described in U.S. Application Serial No. 

14/627,577, filed February 20, 2015 and entitled "User Terminal Having A Linear Array Antenna 

With Electronic And Mechanical Actuation System." The entire disclosure of U.S. Application 

Serial No. 14/627,577 is incorporated herein by reference. In such embodiments, as illustrated 

in FIG. 2A, the camera device 20 of the system 10 can be integrated into a housing 52 of the 

user terminal 50 adjacent to the antenna 54 thereof and positioned so that it faces up toward 

the sky. The camera device 20 preferably should fit within a volume of about 1.0 cm3. In such 

an embodiment the preferred length, width, and height of the volume are each about 1.0 cm. 
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[0058] 	Other embodiments of the camera device 20 of the system 10 may be configured as 

a portable unit 21 that can be removably mounted on the housing 52 of the user terminal 50, 

next to the antenna 54, facing up toward the sky, as illustrated in FIG. 2B. 

[0059] 	In further embodiments, the camera device 20 and the display device 40 of the 

system 10 can be integrated into the housing 52 of the user terminal 50 adjacent to the 

antenna 54 thereof and positioned so that the camera device 20 of the system 10 faces up 

toward the sky, as illustrated in FIG. 2C. Alternatively, as illustrated in FIG. 2D, the system 10 

can be configured as a portable unit 11 that can be removably mounted on the housing 52 of 

the user terminal 50 next to the antenna 54, with the camera device 20 facing up toward the 

sky. The display 40 shown in the embodiments of FIGS. 2C and 2D can be configured to be 

rotated up about 45 to 90 degrees from the position illustrated in FIGS. 2C and 2D, so that the 

user does not obstruct the view of the camera 20 when viewing the display 40. 

[0060] 	Referring again to FIG. 1, the image sensor 22 of the camera device 20 can comprise 

digital image sensor such as a charge-coupled device (CDD) image sensor or a CMOS active-pixel 

sensor (APS) image sensor. Any other suitable image sensor capable of capturing a real time 

video image or a still image of the sky can be used in other embodiments of the camera device 

20. 

[0061] 	Referring to FIG. 3, the optical system 24 of the camera device 20 can comprise a 

wide angle lens arrangement 25 of one or more lenses, disposed in front of the image sensor 

22. The wide angle lens arrangement 25 has a focal length F which is substantially smaller than 

the focal length of a standard lens, where the focal length is the distance from the center C of 

the lens arrangement 25 to the image focal point or surface 22s of the image sensor 22 and 

where the focal length F of the standard lens is about 50 mm (converted into 35 mm film 

camera format). The wide angle lens arrangement 25 provides the image sensor 22 with a wide 

angle of view that allows a requisite edge-to-edge field-of-view (FOV) of the sky of at least 90 

degrees to be included in the real-time video image or the still image captured by the image 

sensor 22. The focal length F of the lens arrangement 25 will depend upon the FOV and the 

number and size of the pixels 22p of the image sensor 22. In one illustrative embodiment, the 
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wide angle lens arrangement 25 can have a focal length F between about 5 mm and about 35 

mm (converted into 35 mm film camera format). 

[0062] 	Referring again to FIG. 1, the IPC electronics 26 of the camera device 20 may include 

video/still image acquisition firmware, hardware, and/or software and firmware, hardware, 

and/or software, for allowing the camera device 20 to wirelessly transmit the sky image to the 

display device 40. For example, but not limitation, the IPC electronics 26 can include firmware 

for BLUETOOTH, Wi-Fi, Internet, and/or cellular data wireless transmission 60 of the sky image 

to the display device 40. In such embodiments, the corresponding display device 40 (e.g., smart 

phone, tablet computer, and laptop computer) can include firmware for receiving the 

BLUETOOTH, Wif-FI, Internet, and/or cellular data of the sky image transmitted by the IPC 

electronics 26 of the camera device 20 and a video or photo software application that allows 

viewing of the sky image on the display screen 42 of the display device 40. 

[0063] 	In other embodiments, the IPC electronics 26 of the camera device 20 may 

alternatively or additionally include firmware, hardware, and/or software, for allowing the 

camera device 20 to transmit the sky image to the display device 40 via a wired connection 62. 

The firmware for wired transmission 62 may include, without limitation, firmware for using a 

Universal Serial Bus (USB) connection. In such an embodiment, a USB On-The-Go (OTB) adaptor 

(not shown) can be provided for wired USB connection of the camera device 20 with the display 

device 40. 

[0064] 	The power source 28 of the camera device 20 can comprise a rechargeable battery 

or a replaceable battery. Alternatively or in addition to the battery, the power source 28 can 

comprise (or further comprise) a USB connection to the display device 40 (which can also serve 

to recharge the rechargeable battery if equipped therewith) and/or a standard power plug 

connection. 

[0065] 	The processor 32 of the camera device 20 can comprise a microprocessor that 

controls the functions of the IPC electronics 26, the activation button 30, and the image sensor 

22. 
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[0066] 	As illustrated in FIG. 4, the system 10 is further configured to superimpose or add a 

circular or like marking 50 (elevation limit circle) on or to the sky image 70 displayed on the 

display screen 42 of the display 40. The elevation limit circle 50 represents the locus of points at 

which obstructions exceed the maximum allowable elevation angle. In other words, the 

elevation limit circle 50 defines a maximum elevation angle above the horizon that objects 

surrounding the camera device 20 (and therefore, the user terminal), such as trees, buildings, 

mountains, and other structures in the FOV of the camera device's image sensor 22, must 

remain below so that the user terminal has an unobstructed view of the sky in all azimuthal 

directions and, therefore, can receive uninterrupted service from the satellites. In a preferred 

embodiment, the elevation limit circle 50 defines a maximum elevation angle EA (FIG. 3) of 45 

degrees, +/- 1.0 degrees. In other embodiments, the elevation limit circle 50 can define any 

other desirable maximum elevation angle EA above or below 45 degrees. Other embodiments 

of the system 10 can generate two or more concentric circular markings or elevation limit 

circles 50 on the sky image displayed on the display screen 42 of the display 40, which 

correspond to a different maximum elevation angles above the horizon that objects 

surrounding the camera device 20 must remain below. 

[0067] 	In some embodiments, the elevation limit circle 50 can be generated in the sky 

image by providing a circular line in the optical system 24. In other embodiments, the elevation 

limit circle can have other shapes, depending upon the parameters of the fleet or constellation 

of satellites and the pointing orientation of each satellite in the constellation. For example, but 

not limitation, the optical system 24 can include a circular reticle that generates the elevation 

limit circle 50 which is superimposed over or on the sky image displayed on the display screen 

42 of the display device 40. 

[0068] 	In other embodiments, the elevation limit circle SO may be electronically added to 

the real-time video image or still image by the video acquisition firmware of the camera 

device's IPC electronics 26. In still other embodiments, the elevation limit circle 50 may be 

electronically added to the real-time video image or still image by the software application 

running on the display device 40. 
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[0069] 	Referring again to FIG. 3, the size of the elevation limit circle 50 superimposed on or 

added to the sky image can be determined by calculating the diameter D of the elevation limit 

circle 50 measured in the number of the pixels of the image sensor 22 using the following 

equation: 

D in number of pixels = 2 * ( 90 — maximum elevation angle in degrees)/a; 

where a is the angle in degrees seen by one pixel of the image sensor 22. The angle in radians 

a' seen by one pixel is determined using the following equation: 

tan(a') = p/f; 

where p is the size of each pixel in mm of the image sensor and f is the focal length in mm; and 

where the conversion from a' to a is as follows: 

a = a' * 180°/pi. 

[0070] 	The use and operation of the elevation angle estimating system 10 will now be 

described. Prior to using the system 10, the user should locate and position the user terminal 

so that the antenna is level (relative to the ground). Any conventional level indicating 

instrument, such as a bubble level, can be used to determine whether the antenna is level. 

Such an instrument can be separate from or integrated into the housing of the user terminal. If 

the camera device 20 or the elevation angle estimating system 10 is integrated into the user 

terminal 50 as illustrated in FIGS. 2A and 2C, respectively, the camera device 20 should be level 

when the antenna 54 is level. If the camera device 20 or system 10 is separate from the user 

terminal 50 as illustrated in FIGS. 2B and 2D, respectively, the camera device 20 or system 10 

should be placed on the housing 52 of the user terminal 50 and leveled along with the antenna 

54. 

[0071] 	Once the user terminal 50 and camera device 20 of the system 10 have been 

leveled, the camera device 20 is activated by the activation button 30. The camera device 20 

then captures a real-time video image or still image of the sky and transmits it wirelessly or by 

wire to the display device 40. As illustrated in FIG. 4, the proper location and position of the 

user terminal 50 is confirmed, if each one of the one or more of the objects 0 in the sky image 
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70 surrounding the user terminal 50 are substantially outside of the elevation limit circle 50, 

thereby indicating that the objects in the FOV of the camera device's image sensor 22 (and 

therefore the user terminal 50), are estimated to be below a desired maximum elevation angle. 

Consequently, the user terminal 50 has an unobstructed view of the sky in all azimuthal 

directions. If a portion of at least one of the one or more of the objects 0 in the sky image 70 is 

substantially inside the elevation limit circle SO as illustrated in FIG. 5, that object 0 is estimated 

to be above the desired maximum elevation angle. Consequently, the user terminal 50 has an 

obstructed view of the sky in at least one azimuthal direction. Accordingly, the user terminal 

should be repositioned, or relocated and positioned so that each of the objects 0 in the sky 

image 70 is substantially outside of the elevation limit circle 50. 

[0072] 	The elevation angle estimating system 10 of the present disclosure allows the user 

to estimate the elevation angle of surrounding objects to an accuracy of about 1 to 2 degrees, 

assuming the user terminal is level. Accordingly, the system 10 allows the user to estimate the 

elevation angle of surrounding objects with about 10 times the accuracy of prior art estimation 

methods where the user directly estimates the elevation angles of objects using only their eyes. 

[0073] 	FIG. 6 is a flowchart illustrating an embodiment of a method for estimating the 

elevation angle of one or more objects surrounding a user terminal with the system 10 of the 

present disclosure. In block 80, an image of the sky is captured with the camera device 20 that 

is disposed on, attached to, disposed in, or disposed adjacent, to the user terminal 50. In block 

82, the elevation limit marking is generated in the image of the sky. In block 84, the image of 

the sky is displayed on the display device 40 to ascertain the location of each of the one or 

more objects in the image relative to the elevation limit marking. If each one of the one or 

more objects is substantially outside the elevation limit marking, all the one or more objects are 

estimated to be below the elevation angle, and if a portion of any one of the one or more 

objects is substantially inside the reflected image of the elevation limit marking, that object is 

estimated to be above the elevation angle. 

[0074] 	Although the elevation angle estimating system and method have been described in 

terms of illustrative embodiments, they are not limited thereto. Rather, the appended claims 

should be construed broadly to include other variants and embodiments of same, which may be 
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made by those skilled in the art without departing from the scope and range of equivalents of 

the system and method. 
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CLAIMS 

1. A system for estimating the elevation angle of one or more objects surrounding a 

user terminal, the system comprising: 

a camera device for capturing an image of the sky; and 

a display device for displaying the image of the sky captured by the camera device; 

wherein one of the camera device and the display device generates an elevation 

limit marking on the image of the sky displayed by the display device; 

wherein the elevation limit marking defines an elevation angle above a horizon of 

the earth that all the one or more objects in a field of view of the camera device must 

remain below so that the user terminal has an unobstructed view of the sky in all azimuthal 

directions. 

2. The system of claim 1, wherein the elevation angle defined by the elevation limit 

marking comprises a maximum elevation angle. 

3. The system of claim 1 or claim 2, wherein the camera device includes an image 

sensor for capturing the image of the sky. 

4. The system of any of claims 1-3, wherein the camera device includes an optical 

system for focusing light on the image sensor, the light representing the sky and the one or 

more objects in the field of view of the camera device. 

5. The system of claim 4, wherein the optical system includes a reticle that generates 

the elevation limit marking that is superimposed on the image of the sky displayed on the 

display device. 

6. The system of any of claims 1-4, wherein the camera device includes image 

processing and communication electronics, the image processing and communication 

electronics includes firmware, hardware, software, or any combination thereof, for image 

acquisition and wireless or wired transmission of the image of the sky to the display device. 

7. The system of claim 6, wherein the image of the sky is a real-time video image or a 

still image generated by the image processing and communication electronics. 
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8. The system of claim 6 or 7, wherein the image processing and communication 

electronics adds the elevation limit marking to the image of the sky displayed on the display 

device. 

9. The system of any of claims 1-4, or 6-8, wherein the display device comprises a 

portable or a mobile device having a display screen for displaying the image of the sky 

captured by the camera device. 

10. The system of any of claims 1-4, or 7-9, wherein the display device includes firmware, 

hardware, software, or any combination thereof, for wireless or wired reception of the image 

of the sky transmitted by the camera device. 

11. The system of any of claims 1-4, or 7-10, wherein the display device includes 

firmware, hardware, software, or any combination thereof, that adds the elevation limit 

marking to the image of the sky displayed on the display device. 

12. The system of any of claims 1-11, wherein the elevation limit marking comprises a 

circle. 

13. The system of any of claims 1-12, wherein if all the one or more objects are 

substantially outside the elevation limit marking, then all the one or more objects are 

estimated to be below the elevation angle. 

14. The system of any of claims 1-13, wherein if at least a portion or at least portions of 

any of the one or more objects is or are substantially inside the elevation limit marking, then 

that object is or those objects are estimated to be above the elevation angle. 

15. A user terminal comprising a housing, an antenna associated with the housing, and 

the camera device of any of claims 1-4, or 6-8 disposed on or integrated into the housing. 

16. A user terminal comprising a housing, an antenna associated with the housing, arid 

the system of any of claims 1-14 disposed on or integrated into the housing. 
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17. A camera device for estimating the elevation angle of one or more objects 

surrounding a user terminal, the camera device comprising: 

an image sensor capturing an image of the sky; 

wherein the camera device generates an elevation limit marking in the image of 

the sky that will be displayed by a display device; 

wherein the elevation limit marking defines an elevation angle above a horizon of 

the earth that all of the one or more objects in a field of view of the camera device must 

remain below so that the user terminal has an unobstructed view of the sky in all azimuthal 

directions. 

18. The camera device of claim 17, wherein the elevation angle defined by the elevation 

limit marking comprises a maximum elevation angle. 

19. The camera device of claim 17 or claim 18, wherein the camera device includes an 

image sensor for capturing the image of the sky. 

20. The camera device of any of claims 17-19, wherein the camera device includes an 

optical system for focusing light on the image sensor, the light representing the sky and the 

one or more objects in the field of view of the camera device. 

21. The camera device of claim 20, wherein the optical system includes a reticle that 

generates the elevation limit marking that is added to the image of the sky displayed on the 

display device. 

22. The camera device of any of claims 17-19, wherein the camera device includes image 

processing and communication electronics, the image processing and communication 

electronics including firmware, hardware, software, or any combination thereof, for image 

acquisition and wireless or wired transmission of the image of the sky to the display device. 

23. The camera device of claim 22, wherein the image of the sky is a real-time video 

image or a still image generated by the image processing and communication electronics. 
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24. The camera device of claim 22 or 23, wherein the image processing and 

communication electronics adds the elevation limit marking to the image of the sky displayed 

on the display device. 

25. A display device for estimating the elevation angle of one or more objects surrounding 

a user terminal, the display device comprising: 

a display screen for displaying an image of the sky captured by a camera device; and 

a processor; 

wherein the display device includes a software application, which when executed by 

the processor adds an elevation limit marking to the image of the sky displayed on the display 

screen; and 

wherein the elevation limit marking defines an elevation angle above a horizon of the 

earth that all the one or more objects in a field of view of the camera device must remain 

below so that the user terminal has an unobstructed view of the sky in all azimuthal directions. 

26. A display device for estimating the elevation angle of one or more objects surrounding 

a user terminal, the display device comprising: 

a display screen for displaying an image of the sky captured by a camera device; 

wherein the display device includes firmware, hardware, software, or any 

combination thereof, that adds an elevation limit marking to the image of the sky displayed 

on the display screen; and 

wherein the elevation limit marking defines an elevation angle above a horizon of the 

earth that all the one or more objects in a field of view of the camera device must remain 

below so that the user terminal has an unobstructed view of the sky in all azimuthal directions. 

27. A method for estimating the elevation angle of one or more objects surrounding a 

user terminal, the method comprising: 

capturing an image of the sky with a camera device that is disposed on, attached to, 

disposed in, or disposed adjacent, to the user terminal; 

superimposing an elevation limit marking on the image of the sky, the elevation limit 

marking defining an elevation angle above a horizon of the earth that all the one or more 

objects in a field of view of the camera device must remain below so that the user terminal 

has an unobstructed view of the sky in all azimuthal directions; and 

displaying the image of the sky on a display device to ascertain the location of each 

of the one or more objects in the image relative to the elevation limit marking. 
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28. 	The method of claim 27, wherein if all the one or more objects are substantially 

outside the elevation limit marking, then all the one or more objects are estimated to be 

below the elevation angle, and wherein if a portion or portions of any of the one or more 

objects is or are substantially inside the elevation limit marking, then that object is or those 

objects are estimated to be above the elevation angle. 
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