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Introduction
In our last contribution [1] we have shown a more realistic radiation patterns of vehicle antennas located in several locations. As these patterns differ rather significantly from an isotropic ideal antenna, it was agreed in Sanya meeting that we should try to describe the radiation pattern in 4 locations with compliance to [2] radiation tables. This contribution outlines the 3D radiation patterns as a linear combination of the vertical & horizontal planes in accordance to the tables given in [2].
 Radiation patterns of Rooftop & Bumpers Vehicle Antennas
In this section, we tried to find the analytical fit for the radiation pattern simulated in [1] using HFSS. As agreed the chosen locations of vehicle antennas are: Front bumper, Front rooftop, Rear rooftop and Rear bumper.
Simulation Setup
For each antenna location, we analyzed the simulated 3D radiation pattern using Matlab and used curve fitting tools to find the best fit. The fitting was done on the horizontal & vertical planes (2D fitting) separately and then was combined linearly to get the 3D pattern. We chose a sum of sine fitting functions of different lengths to best describe the horizontal & vertical planes. Each table outlines the vertical cut with a sum of sines terms and sometimes with a combination of φ=0 and 180 slices, the horizontal cut with a sum of sines terms as well.
We used the following coordinates: φ indicate the azimuth angle and θ the zenith
[image: http://images.elektroda.net/60_1344755551.png]
Figure 1: Coordinate system
Front Bumper
	[bookmark: _Hlk513472266]Parameter
	Values

	Vertical cut of the radiation power pattern (dB)
	

	k
	
	
	

	1
	9.7132
	0.9808
	-0.5981

	2
	52.687
	3.5189
	1.7337

	3
	1.9398
	7.6978
	-0.567

	4
	1.493
	31.729
	2.9118

	5
	1.2458
	133.66
	2.0582

	6
	49.54
	3.6133
	-1.4585





	k
	
	
	

	1
	96.124
	1.5876
	2.2991

	2
	103.76
	1.5571
	-0.7673

	3
	5.1303
	4.1706
	-0.7641

	4
	1.8347
	8.1647
	1.6036

	5
	1.3695
	10.225
	1.7803

	6
	1.4223
	105.75
	-1.2654




	Horizontal cut of the radiation power pattern (dB)
	
 
	k
	
	
	

	1
	14.853
	0.8704
	1.9834

	2
	34.526
	1.5913
	-3.4096

	3
	0
	0
	0

	4
	22.568
	1.8851
	5.1064

	5
	341.79
	7.6418
	-3.5488

	6
	0
	0
	0

	7
	343.83
	7.6442
	-0.4147


      

	3D radiation power pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	15dBi
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Figure 2: Front bumper 3D radiation pattern simulated and fitted
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Figure 3: Front bumper azimuth radiation pattern at θ=90 degrees
[image: ]
Figure 4: Front bumper elevation radiation pattern at φ=0,180 degrees

Front Rooftop

	Parameter
	Values

	Vertical cut of the radiation power pattern (dB)
	

	k
	
	
	

	1
	192.93
	0.9427
	-0.4122

	2
	1.7273
	3.9284
	-1.6847

	3
	180.17
	0.9609
	2.7332





	k
	
	
	

	1
	192.93
	0.9427
	-0.4122

	2
	1.7273
	3.9284
	-1.6847

	3
	180.17
	0.9609
	2.7332




	Horizontal cut of the radiation power pattern (dB)
	
 
	k
	
	
	

	1
	11.185
	0.2051
	4.1487

	2
	7.528
	0.5807
	-0.1995

	3
	1.3186
	2.6255
	-3.584

	4
	0.9018
	3.3371
	-2.7043

	5
	-0.1354
	4.7353
	1.408

	6
	0.1872
	8.143
	1.3413

	7
	-0.339
	4.7214
	-1.0956

	8
	0.1436
	15.035
	-1.5848


      

	3D radiation power pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	 3dBi
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Figure 5: Front rooftop 3D radiation pattern simulated and fitted

[image: ]
Figure 6: Front rooftop azimuth radiation pattern at θ=90 degrees
[image: ]

Figure 7: Front rooftop elevation radiation pattern at φ=0 degrees


Rear Rooftop
	Parameter
	Values

	Vertical cut of the radiation power pattern (dB)
	

	k
	
	
	

	1
	93.163
	1.0139
	-0.3791

	2
	80.811
	1.0781
	2.763

	3
	1.2623
	3.926
	-1.7473





	k
	
	
	

	1
	3673.7
	1.1581
	2.7532

	2
	3684.8
	1.1565
	-0.3885

	3
	2.0611
	4.0737
	-1.5889




	Horizontal cut of the radiation power pattern (dB)
	
 
	k
	
	
	

	1
	12.585
	0.0495
	5.3295

	2
	3.2424
	0.3245
	1.0107

	3
	1.3083
	2.2681
	-2.4179

	4
	1.1816
	5.0733
	-1.808

	5
	0.8098
	6.8816
	-1.2234

	6
	0.7859
	3.6043
	-3.5476

	7
	0.4764
	15.903
	-1.2973

	8
	0.4331
	17.887
	-1.2497


      

	3D radiation power pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	 3dBi
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Figure 8: Rear rooftop 3D radiation pattern simulated and fitted
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Figure 9: Rear rooftop azimuth radiation pattern at θ=90 degrees
[image: ]

Figure 10: Rear rooftop elevation radiation pattern at φ=0,180 degrees










Rear Bumper
	Parameter
	Values

	Vertical cut of the radiation power pattern (dB)
	

	k
	
	
	

	1
	34.137
	0.7566
	1.9548

	2
	8.4361
	4.7741
	-2.1219

	3
	47.354
	0.7249
	-0.8207

	4
	3.8461
	8.5329
	0.0521

	5
	9.0891
	5.2761
	1.0035

	6
	3.0768
	9.9553
	-2.0133





	Horizontal cut of the radiation power pattern (dB)
	
 
	k
	
	
	

	1
	53.959
	0.1497
	3.7638

	2
	66.001
	0.0684
	0.4298

	3
	3.5172
	1.3133
	0.6461

	4
	1.8232
	3.2785
	0.7957


 

	3D radiation power pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	 20dBi
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Figure 11: Rear bumper 3D radiation pattern simulated and fitted
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Figure 12: Rear bumper azimuth radiation pattern at θ=90 degrees
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Figure 13: Rear bumper elevation radiation pattern at φ=0 degrees
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Summary
Observation 1: 
The fitting of a 3D radiation pattern can’t fully describe the simulated radiation pattern.
Observation 2: 
The fitted 3D radiation is only an approximation for a general radiation pattern simulated on a generic vehicle. We assume it will change for different vehicle of same type but hope not significantly.
Observation 3: 
A better fit (or even no fit at all) will probably yield better results in the performance evaluation.

Proposal 1: 
Explore 3D fitting algorithms instead of a simple linear combination of 2D planes.
Proposal 2: 
Add real world antenna patterns into the simulation methodology. FFS
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