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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 beyond 165o in  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.
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