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1  Introduction: Vertical Angle

Direction is usually described by two angles: 

•
a horizontal angle and 

•
a vertical angle, 

The horizontal angle most commonly used is the azimuth, usually denoted φ and taken in the range [−π,+π] or, equivalently, [−180°,+180°].

For the vertical angle on the other hand, several different conventions exist both for the angle itself and for the naming of the angle. This paper discusses in particular the usage of the terms “elevation angle” and its synonym “angle of elevation”. At least three definitions of elevation angle (angle of elevation) can be found in current usage: 

1.
“angle above the local xy-plane", denoted ε in figure 1 and sometimes called latitude; 

2.
“angle from the local positive z-axis”, denoted Θ in figure 1 and usually known as polar angle or zenith angle; 

3.
“angle from the local negative z-axis”, not commonly used in our domain and not shown in the figure. 

The first two of these conventions are explored in more detail in section 4.

2  Usage in TR 37.842

TR 37.842 V1.4.0 defines elevation angle as follows: 

 Θ: Elevation angle of the signal direction (defined between 0° and 180°, 90° represents perpendicular to array). 

It is not clear from this text by itself whether this corresponds to convention 2 or convention 3 from the list above; however, since convention 3 is rarely used it seems most likely that convention 2 is intended.

The problem with convention 2 (elevation angle is polar angle) is the following: As one elevates (that is lifts, raises) the direction of a beam one would naturally expect “elevation” to increase; however, with this definition of elevation angle it turns out that as one elevates the direction of the beam the elevation angle decreases. Hence this leads to ambiguities: E.g. when one talks about increasing the elevation of the beam, does this mean 

•
raising the beam and tilting it more upward (decreasing Θ); or 

•
increasing the “elevation angle” Θ (tilting the beam more downward)?  

Moreover, convention 1 for elevation angle seems to be more commonly used than convention 2; some examples are quoted in section 5.

3  Conclusion

Proposal 1 Θ is polar angle, not elevation angle: 
Change the name of vertical angle Θ to polar angle instead of elevation angle. 
Proposal 2 Definition of elevation angle: 
If the term “elevation angle” is used then define it as “angle above the local xy-plane”,  EQ  \F(π,2)−Θ. 

Pseudo text proposal:

[Text Proposal]
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Polar angle of the signal direction (defined between 0° and 180°, 90° represents perpendicular to array).
 EQ ε
Elevation angle of the signal direction (defined between -90° and 90°, 0° represents perpendicular to array); related to polar angle  EQ Θ by  EQ ε  EQ =  EQ  90° − Θ
[End of text proposal]
4  Detailed Definition
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Figure 1: Definition of angles: azimuth φ, polar (zenith) angle Θ, angle above xy  ε

The range of the vertical angles Θ and ε is illustrated in figure 2 and given by 


 EQ Θ
 EQ ∈
 EQ [0\,π]
(1)


 EQ ε
 EQ ∈
 EQ  \b \bc\[ (− \F(π,2)\, \F(π,2))
(2)
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Figure 2: Range of φ, ε and Θ anglesTC "2 Range of φ, ε and Θ angles" \f f
The two angles Θ and ε are obviously related by 


 EQ Θ
 EQ =
 EQ  \F(π,2) − ε
(3)


 EQ ε
 EQ =
 EQ  \F(π,2) − Θ
(4)

It follows that the 3dB beam width is the same, regardless of which of the 2 angle definitions is used:  EQ ε\s\do5(3dB) = Θ\s\do5(3dB).

Finally, an arbitrary point can be given in spherical coordinates using either of the two vertical angles Θ or ε:


x
=
r sinΘ cosφ
(5)


y
=
r sinΘ sinφ
(6)


z
=
r cosΘ
(7)


x
=
r cosε cosφ
(8)


y
=
r cosε sinφ
(9)


z
=
r sinε
(10)

5  Some Examples of Existing Usage

MATLAB Phased Array System Toolbox online help: 

The elevation angle is the angle from the vector’s orthogonal projection onto the xy plane toward the positive z-axis, to the vector. The elevation angle is between −90 and 90 degrees. 

Rec. ITU-R SM.1009-1:
Elevation angle
The angle relative to the horizontal between two locations (positive above horizontal) …
ITU-R Resolution 229 (REV.WRC 12):
… stations shall comply with the following e.i.r.p. elevation angle mask where Θ is the angle above the local horizontal plane ... 

Seamcat spectrum engineering tool Wiki:
elevation angle: positive = up-tilt to the 0 deg reference and negative = down-tilt to the 0 deg reference 
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