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G.1.4
Simulation Results

The results for four different quadrature approaches using constant step-size measurement grids are summarized in Table G.1.4-1 for the reference 8x2 antenna array.
Table G.1.4-1: Statistics of quadrature approaches for constant step size measurement grids for the 8x2 reference antenna array.
	Number of 
	Mean Error [dB]
	STD [dB]
	Min. norm. TRP [dB]
	Max. norm. TRP [dB]
	Integration Approach
	Comment

	Latitudes
	Longitudes
	
	
	
	
	
	

	13
	24
	-0.03
	0.13
	-0.96
	0.21
	sin(theta) weights
	15o step size

	
	
	0.00
	0.06
	-0.23
	0.21
	Clenshaw-Curtis weights
	

	
	
	-0.01
	0.22
	-0.96
	0.74
	Jacobian integration
	

	
	
	0.00
	0.09
	-0.24
	0.32
	Jacobian ferromagnetic integ.
	

	12
	19
	-0.03
	0.25
	-1.17
	0.77
	sin(theta) weights
	=16.36o & =18.95o

	
	
	-0.01
	0.20
	-0.92
	0.76
	Clenshaw-Curtis weights
	

	
	
	0.00
	0.26
	-1.01
	0.84
	Jacobian integration
	

	
	
	0.00
	0.21
	-1.00
	0.73
	Jacobian ferromagnetic integ.
	


The following observations can be made:

-
The standard deviation and the spread in TRP results is largest with the sin() quadrature 

-
The smallest standard deviation and the smallest spread in TRP results is obtained with the Clenshaw-Curtis, and the Jacobian quadrature utilizing the ferromagnetic triangulation (from best to worst) 

-
The triangulation approach has an impact on the standard deviation and the spread in TRP results with the “ferromagnetic” approach outperforming the non symmetric triangulation approach

-
All four quadratures meet the 0.25dB standard deviation for the 15o step size measurement grid.
-
With the Clenshaw Curtis, spherical integration quadrature, and the Jacobian quadrature with ferromagnetic triangulation, a constant-step size measurement grid with 12 latitudes and 19 longitudes is sufficient to meet the maximum standard deviation of 0.25dB.
The results for two different constant-density grid implementations (charged particle and golden spiral) are summarized in Table G.1.4-2 for the 8x2 reference antenna pattern. 

Table G.1.4-2: Statistics for constant density measurement grid types for the 8x2 reference antenna array

	Number of Grid Points
	Mean Error [dB]
	STD [dB]
	Min. normalized TRP [dB]
	Max. normalized TRP [dB]
	Implementation

	130
	-0.01
	0.27
	-1.07
	0.85
	Charged Particle

	130
	-0.02
	0.37
	-1.82
	1.31
	Golden Spiral

	135
	-0.01
	0.23
	-0.90
	0.89
	Charged Particle

	135
	-0.02
	0.33
	-1.64
	1.27
	Golden Spiral

	140
	0.00
	0.20
	-0.76
	0.65
	Charged Particle

	140
	-0.01
	0.30
	-1.45
	1.23
	Golden Spiral

	145
	0.00
	0.18
	-0.65
	0.56
	Charged Particle

	145
	-0.01
	0.27
	-1.32
	1.20
	Golden Spiral

	150
	0.00
	0.15
	-0.59
	0.55
	Charged Particle

	150
	-0.01
	0.25
	-1.15
	1.02
	Golden Spiral

	155
	0.00
	0.12
	-0.45
	0.53
	Charged Particle

	155
	0.00
	0.22
	-0.99
	0.93
	Golden Spiral

	160
	0.00
	0.10
	-0.42
	0.41
	Charged Particle

	160
	0.00
	0.20
	-0.82
	0.95
	Golden Spiral

	165
	0.00
	0.09
	-0.32
	0.32
	Charged Particle

	165
	-0.01
	0.18
	-0.70
	1.00
	Golden Spiral

	170
	0.00
	0.08
	-0.30
	0.31
	Charged Particle

	170
	0.00
	0.17
	-0.67
	0.96
	Golden Spiral

	175
	0.00
	0.06
	-0.24
	0.25
	Charged Particle

	175
	0.00
	0.16
	-0.56
	0.91
	Golden Spiral


The Charged Particle implementation requires a minimum number of 135 points and the Golden Spiral requires a minimum number of 150 points.
G.1.5
Interpolation at or near the Pole

As illustrated in Figure G.1.5-1, for systems that either do not allow measurements at the pole (=180o), e.g., using distributed-axes positioners, or systems that have the positioners/support structures block the radiation towards the pole (=180o), e.g., combined-axes positioners, the measurements in the region close to the pole at =180o can be skipped and interpolated instead. 
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Figure G.1.5-1: Illustration of areas around the pole that either cannot be reached by the measurement antenna or are blocked by the positioner.
The results tabulated in Tables G.1.5-1 and G.1.5-2 outline the results of a statistical analyses similar to those in Annex G.1.4 for the 8x2 antenna array. However, in these analyses, the positioning concept was considered, i.e., the analyses were performed with the assumption that the beam peak direction is oriented away from the hemisphere towards the pole at =180o. Additionally, the standard deviations are presented when ranges of pattern values are disregarded (zeroed out). For the constant-step size measurement grids, three cases were investigated, i.e., no pattern values are disregarded, values only at one latitude at =180o, and the values at the bottom two latitudes are disregarded. For the constant density measurement grids, a similar investigation was performed using the Charged Particle implementation. Since there are no latitudes defined, the three cases investigated were: no pattern values are disregarded, values between165o≤≤180o , and values between 150o≤≤180o are disregarded. 
These results clearly show that for the measurement grids proposed in G.1.4 and with the re-positioning concept considered, the measurements beyond 165o in  can be skipped and interpolated instead. However, alternate measurement grids listed in Tables G.1.5-1 and G.1.5-2 with larger number of grid points than those proposed in G.1.4. are not precluded where the measurements beyond 150o in  can be skipped and interpolated instead provided that the standard deviation of 0.25dB is met. 
Table G.1.5-1: Statistics of quadrature approaches for constant step size measurement grids for the 8x2 reference antenna array.
	Number of
	Number of Latitudes disregarded
	Mean Error [dB]
	Std. Dev [dB]
	Min TRP Error [dB]
	Max TRP Error [dB]
	Quadrature
	Re-Positioning Concept Applied

	Latitudes
	Longitudes
	
	
	
	
	
	
	

	13
	24
	0
	-0.03
	0.12
	-0.95
	0.21
	Sin(theta)
	Yes

	13
	24
	0
	0.00
	0.06
	-0.23
	0.21
	Clenshaw-Curtis
	Yes

	13
	24
	1
	-0.03
	0.12
	-0.96
	0.21
	Sin(theta)
	Yes

	13
	24
	1
	-0.01
	0.07
	-0.34
	0.21
	Clenshaw-Curtis
	Yes

	13
	24
	2
	-0.10
	0.21
	-1.47
	0.19
	Sin(theta)
	Yes

	13
	24
	2
	-0.08
	0.15
	-0.78
	0.19
	Clenshaw-Curtis
	Yes

	12
	19
	0
	-0.04
	0.25
	-1.16
	0.77
	Sin(theta)
	Yes

	12
	19
	0
	0.00
	0.20
	-0.97
	0.76
	Clenshaw-Curtis
	Yes

	12
	19
	1
	-0.04
	0.25
	-1.18
	0.77
	Sin(theta)
	Yes

	12
	19
	1
	-0.01
	0.21
	-0.94
	0.77
	Clenshaw-Curtis
	Yes

	12
	19
	2
	-0.13
	0.33
	-1.74
	0.76
	Sin(theta)
	Yes

	12
	19
	2
	-0.10
	0.26
	-0.96
	0.77
	Clenshaw-Curtis
	Yes


Table G.1.5-2: Statistics for constant density measurement grid types for the 8x2 reference antenna array (charged particle implementation only) 
	Number of Grid Points
	Range of Angles disregarded
	Mean Error [dB]
	Std. Dev [dB]
	Min TRP Error [dB]
	Max TRP Error [dB]
	Re-Positioning Concept Applied

	130
	none
	0.00
	0.27
	-0.95
	0.81
	yes

	135
	none
	-0.01
	0.22
	-0.84
	0.71
	yes

	140
	none
	0.00
	0.19
	-0.75
	0.68
	yes

	145
	none
	-0.01
	0.19
	-0.61
	0.58
	yes

	150
	none
	0.00
	0.15
	-0.60
	0.53
	yes

	155
	none
	0.00
	0.13
	-0.42
	0.52
	yes

	160
	none
	0.00
	0.11
	-0.41
	0.43
	yes

	165
	none
	0.00
	0.09
	-0.40
	0.39
	yes

	170
	none
	0.00
	0.08
	-0.36
	0.37
	yes

	175
	none
	0.00
	0.06
	-0.27
	0.29
	yes

	130
	165o-180o
	-0.05
	0.29
	-1.20
	0.77
	yes

	135
	165o-180o
	-0.03
	0.23
	-1.18
	0.67
	yes

	140
	165o-180o
	-0.05
	0.22
	-0.94
	0.70
	yes

	145
	165o-180o
	-0.02
	0.19
	-0.82
	0.57
	yes

	150
	165o-180o
	-0.03
	0.16
	-0.84
	0.56
	yes

	155
	165o-180o
	-0.04
	0.15
	-0.74
	0.48
	yes

	160
	165o-180o
	-0.04
	0.13
	-0.75
	0.43
	yes

	165
	165o-180o
	-0.04
	0.12
	-0.71
	0.36
	yes

	170
	165o-180o
	-0.04
	0.12
	-0.58
	0.34
	yes

	175
	165o-180o
	-0.04
	0.10
	-0.65
	0.27
	yes

	130
	150o-180o
	-0.16
	0.35
	-1.77
	0.73
	yes

	135
	150o-180o
	-0.15
	0.31
	-1.93
	0.63
	yes

	140
	150o-180o
	-0.18
	0.30
	-1.55
	0.57
	yes

	145
	150o-180o
	-0.14
	0.28
	-1.29
	0.54
	yes

	150
	150o-180o
	-0.15
	0.25
	-1.26
	0.53
	yes

	155
	150o-180o
	-0.13
	0.23
	-1.09
	0.46
	yes

	160
	150o-180o
	-0.16
	0.24
	-1.15
	0.42
	yes

	165
	150o-180o
	-0.16
	0.24
	-1.12
	0.32
	yes

	170
	150o-180o
	-0.15
	0.23
	-0.99
	0.30
	yes

	175
	150o-180o
	-0.13
	0.20
	-0.90
	0.28
	yes
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