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Omitted unchanged text
-	Option 2: Two panels are placed in the vehicle as follows and the antenna pattern for each location is given by Tables 6.1.4-10 and, 6.1.4-11. The antenna array configuration is given by Table 6.1.4-12.
-	For vehicle type 1, one panel at the front bumper and one panel at the rear bumper
-	For vehicle type 2, one panel at the front rooftop and one panel at the rear rooftop
-	For vehicle type 3, one panel at the front rooftop and one panel at the rear rooftop
The 3D radiation power patterns  for the antenna elements proposed for Option 2 shall be generated using the extrapolation method presented in [19], i.e.

for  with





and  and  being the vertical and horizontal cut of the radiation power patterns defined for  respectively.
The cuts are approximated by a finite sum of weighted sinusoids in the following format.


The Fourier coefficients , , and , ,  are given in the following tables.
Note that  points to the front of the car, while  points to the back of the car.
Table 6.1.4-10: Antenna element pattern coefficients for vehicle UE in Option 2 for 6 GHz
	front rooftop
	
	
	
	
	

	0
	-21.3409
	-
	-23.438
	-

	1
	9.3741
	-2.0156
	-2.4504
	0.0053

	2
	0.5169
	0.2506
	-0.9825
	-0.0508

	3
	1.1775
	0.0714
	-0.0419
	-0.0225

	4
	-1.4612
	0.1592
	0.2384
	0.0065

	5
	0.598
	-0.2366
	0.2406
	-0.0023

	6
	-0.284
	-0.0715
	0.1532
	0.006

	7
	0.3897
	0.1117
	0.1285
	0.0062

	8
	-0.2194
	0.2427
	0.1407
	0.0038

	9
	-0.1151
	-0.1035
	-
	-

	10
	0.0395
	-0.2105
	-
	-

	11
	0.3162
	0.0647
	-
	-

	12
	-0.0845
	0.285
	-
	-

	13
	-0.228
	-0.0648
	-
	-

	14
	0.0439
	-0.253
	-
	-


Max direct. gain of the antenna element 3 dBi
	rear rooftop
	
	
	
	
	

	0
	-22.3857
	-
	-24.798
	-

	1
	9.3108
	-1.1454
	-0.6788
	-0.0034

	2
	0.6144
	0.0641
	-1.025
	-0.0364

	3
	1.2791
	-0.6854
	-0.0755
	-0.0404

	4
	-1.7109
	0.2784
	0.4216
	0.014

	5
	0.4281
	0.2538
	-0.6139
	-0.0053

	6
	-0.0082
	-0.0814
	0.2297
	0.0063

	7
	0.4084
	-0.5153
	-0.4418
	-0.0038

	8
	-0.4479
	-0.0801
	0.0055
	-0.0141

	9
	0.0993
	0.2204
	-
	-

	10
	0.0694
	0.0423
	-
	-

	11
	0.0855
	0.0312
	-
	-

	12
	0.0543
	0.0349
	-
	-

	13
	0.0616
	0.006
	-
	-


Max direct. gain of the antenna element 3 dBi

	front bumper
	
	
	
	
	

	0
	-37.4957
	-
	-41.586
	-

	1
	8.7507
	-1.9074
	-3.4026
	0.0721

	2
	-1.7605
	-2.2022
	1.3366
	0.1213

	3
	-0.3562
	-2.051
	2.1764
	-0.0595

	4
	-1.0966
	2.6102
	0.5881
	0.0102

	5
	0.5013
	0.6833
	-2.4068
	0.0675

	6
	1.043
	0.2344
	1.7561
	-0.1513

	7
	-0.4879
	0.6558
	0.7899
	-0.0133

	8
	0.5513
	-0.7286
	-1.0144
	0.0177

	9
	0.287
	-1.0163
	-
	-

	10
	-0.3768
	0.0164
	-
	-

	11
	0.1484
	0.0793
	-
	-


Max direct. gain of the antenna element 13 dBi
	rear bumper
	
	
	
	
	

	0
	-34.0987
	-
	-35.928
	-

	1
	8.137
	2.2526
	4.1952
	0.0073

	2
	-0.1282
	2.9871
	-0.3746
	-0.0202

	3
	2.3735
	1.3294
	1.2325
	0.005

	4
	-0.5764
	0.7505
	0.2862
	-0.0764

	5
	1.0287
	0.5362
	-0.2796
	0.0252

	6
	-0.8903
	0.6445
	-0.063
	-0.0114

	7
	-0.0733
	-0.2058
	-1.0205
	0.0298

	8
	0.0468
	-0.0472
	-0.2964
	0.0095

	9
	-0.0445
	-0.2659
	-
	-

	10
	-0.0067
	-0.0511
	-
	-

	11
	-0.0165
	-0.1558
	-
	-

	12
	-0.0052
	-0.0531
	-
	-

	13
	-0.0089
	-0.1178
	-
	-

	14
	0.0001
	-0.0514
	-
	-

	15
	-0.0044
	-0.096
	-
	-

	16
	0.0035
	-0.0474
	-
	-

	17
	-0.0016
	-0.0825
	-
	-

	18
	0.0059
	-0.0429
	-
	-

	19
	0.0004
	-0.0738
	-
	-

	20
	0.0079
	-0.0383
	-
	-


Max direct. gain of the antenna element 11 dBi



	Front bumper

	Antenna element gain vertical pattern
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	Antenna element gain horizontal pattern
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	Pattern combining method for 3D 
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	Max direct. gain of the antenna element
	13 dBi



	Front rooftop

	Antenna element gain vertical pattern
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	Antenna element gain horizontal pattern
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	Pattern combining method for 3D 
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	Max direct. gain of the antenna element
	3 dBi



	Rear rooftop

	Antenna element gain vertical pattern
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	Antenna element gain horizontal pattern
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	Pattern combining method for 3D 
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	Max direct. gain of the antenna element
	3 dBi



	Rear bumper

	Antenna element gain vertical pattern
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	Antenna element gain horizontal pattern
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	Pattern combining method for 3D 
	[image: ]

	Max direct. gain of the antenna element
	11 dBi







Table 6.1.4-11: Antenna element pattern coefficients for vehicle UE in Option 2 for 30 and 63 GHz
	front rooftop
	
	
	
	
	

	0
	-45.0201
	-
	-32.17
	-

	1
	18.8098
	-6.2227
	-7.903
	0.1101

	2
	-5.2966
	-0.0117
	-0.2972
	-1.4639

	3
	-3.6007
	1.9867
	0.4083
	-0.0866

	4
	1.9433
	-0.7799
	0.6706
	1.0598

	5
	1.7541
	-1.6535
	-0.9804
	-2.5714

	6
	-1.147
	0.2912
	-0.9085
	0.1326

	7
	0.0295
	0.0457
	0.1433
	-0.1372

	8
	0.6647
	-1.0202
	-0.1282
	-0.2697

	9
	-0.1398
	-0.2275
	-
	-

	10
	-0.5274
	0.6719
	-
	-

	11
	-0.1036
	0.1338
	-
	-

	12
	0.2962
	0.0476
	-
	-

	13
	-0.1365
	-0.2312
	-
	-

	14
	0.2767
	0.9589
	-
	-

	15
	-0.0865
	0.2435
	-
	-

	16
	0.1157
	-0.1965
	-
	-

	17
	-0.0617
	0.014
	-
	-

	18
	0.1013
	-0.0948
	-
	-

	19
	-0.0498
	-0.0177
	-
	-

	20
	0.088
	-0.063
	-
	-


Max direct. gain of the antenna element 11.5 dBi
	rear rooftop
	
	
	
	
	

	0
	-50.2015
	-
	-36.942
	-

	1
	20.4382
	-2.1651
	3.6106
	-0.1824

	2
	-4.6106
	-1.1891
	-1.4888
	1.3614

	3
	-5.211
	-1.5541
	0.5772
	0.5331

	4
	1.5492
	2.1171
	1.7125
	1.3205

	5
	1.73
	0.7044
	-0.0573
	-2.5904

	6
	-0.7497
	-1.4473
	0.0628
	-1.0024

	7
	-0.8466
	-1.1446
	-1.0526
	-1.2366

	8
	0.0089
	0.2879
	0.0433
	-0.1443

	9
	0.3271
	0.1418
	-
	-

	10
	-0.3845
	-1.2483
	-
	-

	11
	-0.3356
	-0.442
	-
	-

	12
	-0.2952
	0.6602
	-
	-

	13
	-0.2619
	0.8404
	-
	-

	14
	-0.0033
	0.2918
	-
	-

	15
	-0.2742
	0.0759
	-
	-

	16
	0.1196
	0.1237
	-
	-

	17
	-0.1562
	0.0354
	-
	-

	18
	0.1094
	0.0931
	-
	-

	19
	-0.1053
	0.0186
	-
	-

	20
	0.0932
	0.0765
	-
	-


Max direct. gain of the antenna element 12.5 dBi

	front bumper
	
	
	
	
	

	0
	-29.0394
	-
	-29.424
	-

	1
	2.0111
	-0.85
	-0.814
	-0.0126

	2
	-4.238
	-1.808
	4.5025
	-0.4615

	3
	0.1995
	0.1304
	0.6572
	-0.0404

	4
	1.2891
	-0.291
	0.3252
	0.5985

	5
	0.0422
	0.1732
	-2.0187
	0.0372

	6
	1.2135
	-0.2515
	-1.6555
	0.2589

	7
	-0.1313
	-0.7555
	-0.843
	0.6858

	8
	-0.0194
	-0.065
	-0.2954
	-0.2211


Max direct. gain of the antenna element 16.6 dBi
	rear bumper
	
	
	
	
	

	0
	-25.5522
	-
	-25.484
	-

	1
	1.0994
	-0.4289
	-1.2007
	0.2451

	2
	-4.8356
	-3.4364
	4.1916
	-0.5651

	3
	-0.6327
	1.1004
	0.1901
	0.453

	4
	1.0957
	-0.7866
	0.4235
	0.6884

	5
	-0.7695
	0.002
	-1.3848
	-0.4145

	6
	0.9043
	-0.0634
	-0.2381
	0.2875

	7
	-0.4003
	-0.7493
	0.4488
	0.5441

	8
	-0.0282
	0.0601
	0.1606
	-0.2555

	9
	-0.205
	-0.279
	-
	-

	10
	-0.0953
	0.0287
	-
	-

	11
	-0.2132
	0.0383
	-
	-

	12
	0.2122
	0.1832
	-
	-

	13
	0.0414
	-0.1473
	-
	-

	14
	0.1703
	-0.0179
	-
	-


Max direct. gain of the antenna element 13.6 dBi


	Front bumper

	Antenna element gain vertical pattern
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	Antenna element gain horizontal pattern
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	Pattern combining method for 3D 
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	Max direct. gain of the antenna element
	16.6 dBi



	Front rooftop

	Antenna element gain vertical pattern
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	Antenna element gain horizontal pattern
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	Pattern combining method for 3D 
	[image: ]

	Max direct. gain of the antenna element
	11.5 dBi



	Rear rooftop

	Antenna element gain vertical pattern
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	Antenna element gain horizontal pattern
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	Pattern combining method for 3D 
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	Max direct. gain of the antenna element
	12.5 dBi



	Rear bumper

	Antenna element gain vertical pattern
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	Antenna element gain horizontal pattern
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	Pattern combining method for 3D 
	[image: ]

	Max direct. gain of the antenna element
	13.6 dBi
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image1.emf
𝐴𝑣 𝑑𝐵 " ൫ 𝜃 , 𝜙 = 0 ° ൯ = ෍ 𝑎 𝑘 sin ( 𝑏 𝑘 4 𝑘 = 1 𝜙 + 𝑐 𝑘 ) ,             𝜃 ∈ [ − 𝜋 2 , 𝜋 2 ]  

k  𝑎 𝑘  𝑏 𝑘  𝑐 𝑘  

1  27.855  0.9281  - 1.3062  

2  31.967  2.7336  1.4674  

3  23.665  3.0514  - 1.8167  

4  1.8441  7.7354  - 0.6126  

𝐴𝑣 𝑑𝐵 " ሺ 𝜃 , 𝜙 = 𝜋 ሻ = ෍ 𝑎 𝑘 sin ( 𝑏 𝑘 4 𝑘 = 1 𝜙 + 𝑐 𝑘 ) ,             𝜃 ∈ [ − 𝜋 2 , 𝜋 2 ]  

k  𝑎 𝑘  𝑏 𝑘  𝑐 𝑘  

1  146.47  1.095  - 1.6043  

2  131.87  1.192  1.4566  

3  5.2383  3.9996  - 0.8389  

4  1.9429  9.0248  1.6705  
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𝐴 ℎ 𝑑𝐵 " ቀ 𝜃 = 𝜋 2 , 𝜙 ቁ = 𝑎 0 + ෍ 𝑎 𝑘 cos ሺ 𝜙𝑘 ሻ + ⁡ 𝑏 𝑘 sin ( 8 𝑘 = 1 𝜙𝑘 ) , 𝜙 ∈ [ 0 , 2 𝜋 ]      

K  𝑎 𝑘  𝑏 𝑘  

0  - 20.793  -  

1  - 3.4026  0.0721  

2  1.3366  0.1213  

3  2.1764  - 0.0595  

4  0.5881  0.0102  

5  - 2.4068  0.0675  

6  1.7561  - 0.1513  

7  0.7899  - 0.0133  

8  - 1.0144  0.0177  

   


image3.emf
𝐺 𝜃 1 = 𝐺 𝑉 ൫ 𝜃 = 0 ° , 𝜙 = 0 ° ൯ , 𝐺 𝜃 2 = 𝐺 𝐻 ቀ 𝜃 = 𝜋 2 , 𝜙 ቁ , 𝐺 𝜙 1 = 𝐺 𝑉 ሺ 𝜃 , 𝜙 = 0 ሻ , 𝐺 𝜙 2 = 𝐺 𝑉 ሺ 𝜃 , 𝜙 = 𝜋 ሻ   𝐴 𝑑𝐵 " ሺ 𝜃 , 𝜙 ሻ = ൣ 𝜙 1 𝐺 𝜙 2 + 𝜙 2 𝐺 𝜙 1 ൧ 𝜃 1 𝜃 2 ( 𝜃 1 + 𝜃 2 ) 2 + ሾ 𝜃 1 𝐺 𝜃 2 + 𝜃 2 𝐺 𝜃 1 ሿ 𝜙 1 𝜙 2 ( 𝜙 1 + 𝜙 2 ) 2 ሾ 𝜙 1 + 𝜙 2 ሿ 𝜃 1 𝜃 2 ( 𝜃 1 + 𝜃 2 ) 2 + [ 𝜃 1 + 𝜃 2 ] 𝜙 1 𝜙 2 ( 𝜙 1 + 𝜙 2 ) 2  
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𝐴𝑣 𝑑𝐵 " ൫ 𝜃 , 𝜙 = 0 ° ൯ = ෍ 𝑎 𝑘 sin ( 𝑏 𝑘 6 𝑘 = 1 𝜙 + 𝑐 𝑘 ) ,             𝜃 ∈ [ − 𝜋 2 , 𝜋 2 ]  

k  𝑎 𝑘  𝑏 𝑘  𝑐 𝑘  

1  27.156  0.8354  - 0.9866  

2  10.637  1.2651  1.9323  

3  2.1018  3.7081  - 1.6452  

4  0.9267  12.057  - 2.9006  

5  0.8573  8.5269  3.5787  

6  0.7456  15.27  - 2.9591  

𝐴𝑣 𝑑𝐵 " ሺ 𝜃 , 𝜙 = 𝜋 ሻ = ෍ 𝑎 𝑘 sin ( 𝑏 𝑘 4 𝑘 = 1 𝜙 + 𝑐 𝑘 ) ,             𝜃 ∈ [ − 𝜋 2 , 𝜋 2 ]  

k  𝑎 𝑘  𝑏 𝑘  𝑐 𝑘  

1  18.648  1.0206  - 0.9611  

2  11.099  2.2755  1.7808  

3  213.68  3.7367  - 1.6448  

4  208.11  3.7558  1.492  
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𝐴 ℎ 𝑑𝐵 " ቀ 𝜃 = 𝜋 2 , 𝜙 ቁ = 𝑎 0 + ෍ 𝑎 𝑘 cos ሺ 𝜙𝑘 ሻ + ⁡ 𝑏 𝑘 sin ( 8 𝑘 = 1 𝜙𝑘 ) , 𝜙 ∈ [ 0 , 2 𝜋 ]      

k  𝑎 𝑘  𝑏 𝑘  

0  - 11.719  -  

1  - 2.4504  0.0053  

2  - 0.9825  - 0.0508  

3  - 0.0419  - 0.0225  

4  0.2384  0.0065  

5  0.2406  - 0.0023  

6  0.1532  0.006  

7  0.1285  0.0062  

8  0.1407  0.0038  

 


image6.emf
𝐺 𝜃 1 = 𝐺 𝑉 ൫ 𝜃 = 0 ° , 𝜙 = 0 ° ൯ , 𝐺 𝜃 2 = 𝐺 𝐻 ቀ 𝜃 = 𝜋 2 , 𝜙 ቁ , 𝐺 𝜙 1 = 𝐺 𝑉 ሺ 𝜃 , 𝜙 = 0 ሻ , 𝐺 𝜙 2 = 𝐺 𝑉 ሺ 𝜃 , 𝜙 = 𝜋 ሻ   𝐴 𝑑𝐵 " ሺ 𝜃 , 𝜙 ሻ = ൣ 𝜙 1 𝐺 𝜙 2 + 𝜙 2 𝐺 𝜙 1 ൧ 𝜃 1 𝜃 2 ( 𝜃 1 + 𝜃 2 ) 2 + ሾ 𝜃 1 𝐺 𝜃 2 + 𝜃 2 𝐺 𝜃 1 ሿ 𝜙 1 𝜙 2 ( 𝜙 1 + 𝜙 2 ) 2 ሾ 𝜙 1 + 𝜙 2 ሿ 𝜃 1 𝜃 2 ( 𝜃 1 + 𝜃 2 ) 2 + [ 𝜃 1 + 𝜃 2 ] 𝜙 1 𝜙 2 ( 𝜙 1 + 𝜙 2 ) 2  
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𝐴𝑣 𝑑𝐵 " ൫ 𝜃 , 𝜙 = 0 ° ൯ = ෍ 𝑎 𝑘 sin ( 𝑏 𝑘 5 𝑘 = 1 𝜙 + 𝑐 𝑘 ) ,             𝜃 ∈ [ − 𝜋 2 , 𝜋 2 ]  

k  𝑎 𝑘  𝑏 𝑘  𝑐 𝑘  

1  21.785  0.7541  - 2.5975  

2  122  2.0393  - 0.3421  

3  4.5185  4.4006  2.4657  

4  25.257  3.2885  - 0.6558  

5  125.16  2.3309  2.7194  

𝐴𝑣 𝑑𝐵 " ሺ 𝜃 , 𝜙 = 𝜋 ሻ = ෍ 𝑎 𝑘 sin ( 𝑏 𝑘 4 𝑘 = 1 𝜙 + 𝑐 𝑘 ) ,             𝜃 ∈ [ − 𝜋 2 , 𝜋 2 ]  

k  𝑎 𝑘  𝑏 𝑘  𝑐 𝑘  

1  89.841  0.5245  - 0.2707  

2  64.942  0.6058  2.9391  

3  2.4779  4.1726  - 1.4849  

4  1.097  7.9882  - 1.7998  
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𝐴 ℎ 𝑑𝐵 " ቀ 𝜃 = 𝜋 2 , 𝜙 ቁ = 𝑎 0 + ෍ 𝑎 𝑘 cos ሺ 𝜙𝑘 ሻ + ⁡ 𝑏 𝑘 sin ( 8 𝑘 = 1 𝜙𝑘 ) , 𝜙 ∈ [ 0 , 2 𝜋 ]      

k  𝑎 𝑘  𝑏 𝑘  

0  - 12.399  -  

1  - 0.6788  - 0.0034  

2  - 1.025  - 0.0364  

3  - 0.0755  - 0.0404  

4  0.4216  0.014  

5  - 0.6139  - 0.0053  

6  0.2297  0.0063  

7  - 0.4418  - 0.0038  

8  0.0055  - 0.0141  
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𝐺 𝜃 1 = 𝐺 𝑉 ൫ 𝜃 = 0 ° , 𝜙 = 0 ° ൯ , 𝐺 𝜃 2 = 𝐺 𝐻 ቀ 𝜃 = 𝜋 2 , 𝜙 ቁ , 𝐺 𝜙 1 = 𝐺 𝑉 ሺ 𝜃 , 𝜙 = 0 ሻ , 𝐺 𝜙 2 = 𝐺 𝑉 ሺ 𝜃 , 𝜙 = 𝜋 ሻ   𝐴 𝑑𝐵 " ሺ 𝜃 , 𝜙 ሻ = ൣ 𝜙 1 𝐺 𝜙 2 + 𝜙 2 𝐺 𝜙 1 ൧ 𝜃 1 𝜃 2 ( 𝜃 1 + 𝜃 2 ) 2 + ሾ 𝜃 1 𝐺 𝜃 2 + 𝜃 2 𝐺 𝜃 1 ሿ 𝜙 1 𝜙 2 ( 𝜙 1 + 𝜙 2 ) 2 ሾ 𝜙 1 + 𝜙 2 ሿ 𝜃 1 𝜃 2 ( 𝜃 1 + 𝜃 2 ) 2 + [ 𝜃 1 + 𝜃 2 ] 𝜙 1 𝜙 2 ( 𝜙 1 + 𝜙 2 ) 2  
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𝐴𝑣 𝑑𝐵 " ൫ 𝜃 , 𝜙 = 0 ° ൯ = ෍ 𝑎 𝑘 sin ( 𝑏 𝑘 6 𝑘 = 1 𝜙 + 𝑐 𝑘 ) ,             𝜃 ∈ [ − 𝜋 2 , 𝜋 2 ]  

k  𝑎 𝑘  𝑏 𝑘  𝑐 𝑘  

1  28.64  0.6822  - 1.6819  

2  17.941  1.0841  0.8466  

3  10.034  4.5559  - 2.317  

4  9.9931  4.9505  0.8248  

5  103.05  9.2847  0.5153  

6  102.49  9.3113  - 2.6065  

𝐴𝑣 𝑑𝐵 " ሺ 𝜃 , 𝜙 = 𝜋 ሻ = ෍ 𝑎 𝑘 sin ( 𝑏 𝑘 8 𝑘 = 1 𝜙 + 𝑐 𝑘 ) ,             𝜃 ∈ [ − 𝜋 2 , 𝜋 2 ]  

k  𝑎 𝑘  𝑏 𝑘  𝑐 𝑘  

1  29.045  0.2614  - 0.7172  

2  7.9836  2.8649  2.965  

3  5.1881  3.3343  - 0.1509  

4  0.4384  7.4621  1.8565  

5  1.0833  47.882  2.0727  

6  1.131  35.828  - 0.901  

7  1.0114  33.576  - 0.1873  

8  1.0014  39.562  - 1.0305  
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𝐴 ℎ 𝑑𝐵 " ቀ 𝜃 = 𝜋 2 , 𝜙 ቁ = 𝑎 0 + ෍ 𝑎 𝑘 cos ሺ 𝜙𝑘 ሻ + ⁡ 𝑏 𝑘 sin ( 8 𝑘 = 1 𝜙𝑘 ) , 𝜙 ∈ [ 0 , 2 𝜋 ]      

k  𝑎 𝑘  𝑏 𝑘  

0  - 17.964  -  

1  4.1952  0.0073  

2  - 0.3746  - 0.0202  

3  1.2325  0.005  

4  0.2862  - 0.0764  

5  - 0.2796  0.0252  

6  - 0.063  - 0.0114  

7  - 1.0205  0.0298  

8  - 0.2964  0.0095  
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𝐺 𝜃 1 = 𝐺 𝑉 ൫ 𝜃 = 0 ° , 𝜙 = 0 ° ൯ , 𝐺 𝜃 2 = 𝐺 𝐻 ቀ 𝜃 = 𝜋 2 , 𝜙 ቁ , 𝐺 𝜙 1 = 𝐺 𝑉 ሺ 𝜃 , 𝜙 = 0 ሻ , 𝐺 𝜙 2 = 𝐺 𝑉 ሺ 𝜃 , 𝜙 = 𝜋 ሻ   𝐴 𝑑𝐵 " ሺ 𝜃 , 𝜙 ሻ = ൣ 𝜙 1 𝐺 𝜙 2 + 𝜙 2 𝐺 𝜙 1 ൧ 𝜃 1 𝜃 2 ( 𝜃 1 + 𝜃 2 ) 2 + ሾ 𝜃 1 𝐺 𝜃 2 + 𝜃 2 𝐺 𝜃 1 ሿ 𝜙 1 𝜙 2 ( 𝜙 1 + 𝜙 2 ) 2 ሾ 𝜙 1 + 𝜙 2 ሿ 𝜃 1 𝜃 2 ( 𝜃 1 + 𝜃 2 ) 2 + [ 𝜃 1 + 𝜃 2 ] 𝜙 1 𝜙 2 ( 𝜙 1 + 𝜙 2 ) 2  
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𝐴𝑣 𝑑𝐵 " ൫ 𝜃 , 𝜙 = 0 ° ൯ = ෍ 𝑎 𝑘 sin ( 𝑏 𝑘 3 𝑘 = 1 𝜙 + 𝑐 𝑘 ) ,             𝜃 ∈ [ − 𝜋 2 , 𝜋 2 ]  

k  𝑎 𝑘  𝑏 𝑘  𝑐 𝑘  

1  103.4  1.2756  - 1.4588  

2  93.054  1.4402  1.6919  

3  1.2433  16.391  - 0.2701  

𝐴𝑣 𝑑𝐵 " ሺ 𝜃 , 𝜙 = 𝜋 ሻ = ෍ 𝑎 𝑘 sin ( 𝑏 𝑘 3 𝑘 = 1 𝜙 + 𝑐 𝑘 ) ,             𝜃 ∈ [ − 𝜋 2 , 𝜋 2 ]  

k  𝑎 𝑘  𝑏 𝑘  𝑐 𝑘  

1  97.485  1.2777  - 1.5428  

2  88.914  1.4458  1.5626  

3  1.6315  6.6824  - 1.4228  
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𝐴 ℎ 𝑑𝐵 " ቀ 𝜃 = 𝜋 2 , 𝜙 ቁ = 𝑎 0 + ෍ 𝑎 𝑘 cos ሺ 𝜙𝑘 ሻ + ⁡ 𝑏 𝑘 sin ( 8 𝑘 = 1 𝜙𝑘 ) , 𝜙 ∈ [ 0 , 2 𝜋 ]      

k  𝑎 𝑘  𝑏 𝑘  

0  - 14.712  -  

1  - 0.814  - 0.0126  

2  4.5025  - 0.4615  

3  0.6572  - 0.0404  

4  0.3252  0.5985  

5  - 2.0187  0.0372  

6  - 1.6555  0.2589  

7  - 0.843  0.6858  

8  - 0.2954  - 0.2211  
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𝐺 𝜃 1 = 𝐺 𝑉 ൫ 𝜃 = 0 ° , 𝜙 = 0 ° ൯ , 𝐺 𝜃 2 = 𝐺 𝐻 ቀ 𝜃 = 𝜋 2 , 𝜙 ቁ , 𝐺 𝜙 1 = 𝐺 𝑉 ሺ 𝜃 , 𝜙 = 0 ሻ , 𝐺 𝜙 2 = 𝐺 𝑉 ሺ 𝜃 , 𝜙 = 𝜋 ሻ   𝐴 𝑑𝐵 " ሺ 𝜃 , 𝜙 ሻ = ൣ 𝜙 1 𝐺 𝜙 2 + 𝜙 2 𝐺 𝜙 1 ൧ 𝜃 1 𝜃 2 ( 𝜃 1 + 𝜃 2 ) 2 + ሾ 𝜃 1 𝐺 𝜃 2 + 𝜃 2 𝐺 𝜃 1 ሿ 𝜙 1 𝜙 2 ( 𝜙 1 + 𝜙 2 ) 2 ሾ 𝜙 1 + 𝜙 2 ሿ 𝜃 1 𝜃 2 ( 𝜃 1 + 𝜃 2 ) 2 + [ 𝜃 1 + 𝜃 2 ] 𝜙 1 𝜙 2 ( 𝜙 1 + 𝜙 2 ) 2  
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𝐴𝑣 𝑑𝐵 " ൫ 𝜃 , 𝜙 = 0 ° ൯ = ෍ 𝑎 𝑘 sin ( 𝑏 𝑘 6 𝑘 = 1 𝜙 + 𝑐 𝑘 ) ,             𝜃 ∈ [ − 𝜋 2 , 𝜋 2 ]  

k  𝑎 𝑘  𝑏 𝑘  𝑐 𝑘  

1  53.19  1.0466  - 0.9824  

2  171.45  2.3513  2.2593  

3  154.83  2.4609  - 0.8176  

4  2.166  6.2024  0.5122  

5  1.2277  9.599  0.5604  

6  1.1363  14.311  - 0.4448  

𝐴𝑣 𝑑𝐵 " ሺ 𝜃 , 𝜙 = 𝜋 ሻ = ෍ 𝑎 𝑘 sin ( 𝑏 𝑘 8 𝑘 = 1 𝜙 + 𝑐 𝑘 ) ,             𝜃 ∈ [ − 𝜋 2 , 𝜋 2 ]  

k  𝑎 𝑘  𝑏 𝑘  𝑐 𝑘  

1  34.284  1.0869  - 1.1043  

2  36.721  2.2823  1.4488  

3  4.2902  5.2423  1.1692  

4  1.7681  7.7706  - 3.641  

5  14.094  2.7398  - 1.5731  

6  1.2267  10.465  2.0934  

7  1.0796  14.285  2.8759  

8  0.8846  31.578  - 1.1871  
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𝐴 ℎ 𝑑𝐵 " ቀ 𝜃 = 𝜋 2 , 𝜙 ቁ = 𝑎 0 + ෍ 𝑎 𝑘 cos ሺ 𝜙𝑘 ሻ + ⁡ 𝑏 𝑘 sin ( 8 𝑘 = 1 𝜙𝑘 ) , 𝜙 ∈ [ 0 , 2 𝜋 ]      

k  𝑎 𝑘  𝑏 𝑘  

0  - 16.085  -  

1  - 7.903  0.1101  

2  - 0.2972  - 1.4639  

3  0.4083  - 0.0866  

4  0.6706  1.0598  

5  - 0.9804  - 2.5714  

6  - 0.9085  0.1326  

7  0.1433  - 0.1372  

8  - 0.1282  - 0.2697  
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𝐺 𝜃 1 = 𝐺 𝑉 ൫ 𝜃 = 0 ° , 𝜙 = 0 ° ൯ , 𝐺 𝜃 2 = 𝐺 𝐻 ቀ 𝜃 = 𝜋 2 , 𝜙 ቁ , 𝐺 𝜙 1 = 𝐺 𝑉 ሺ 𝜃 , 𝜙 = 0 ሻ , 𝐺 𝜙 2 = 𝐺 𝑉 ሺ 𝜃 , 𝜙 = 𝜋 ሻ   𝐴 𝑑𝐵 " ሺ 𝜃 , 𝜙 ሻ = ൣ 𝜙 1 𝐺 𝜙 2 + 𝜙 2 𝐺 𝜙 1 ൧ 𝜃 1 𝜃 2 ( 𝜃 1 + 𝜃 2 ) 2 + ሾ 𝜃 1 𝐺 𝜃 2 + 𝜃 2 𝐺 𝜃 1 ሿ 𝜙 1 𝜙 2 ( 𝜙 1 + 𝜙 2 ) 2 ሾ 𝜙 1 + 𝜙 2 ሿ 𝜃 1 𝜃 2 ( 𝜃 1 + 𝜃 2 ) 2 + [ 𝜃 1 + 𝜃 2 ] 𝜙 1 𝜙 2 ( 𝜙 1 + 𝜙 2 ) 2  
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𝐴𝑣 𝑑𝐵 " ൫ 𝜃 , 𝜙 = 0 ° ൯ = ෍ 𝑎 𝑘 sin ( 𝑏 𝑘 7 𝑘 = 1 𝜙 + 𝑐 𝑘 ) ,             𝜃 ∈ [ − 𝜋 2 , 𝜋 2 ]  

k  𝑎 𝑘  𝑏 𝑘  𝑐 𝑘  

1  55.839  1.0927  - 1.1273  

2  95.402  2.0245  2.1133  

3  2.9533  6.0111  1.5482  

4  1.5696  12.462  3.2683  

5  1.2073  10.016  2.2276  

6  70.244  2.1361  - 0.8181  

7  1.4093  13.127  0.6659  

𝐴𝑣 𝑑𝐵 " ሺ 𝜃 , 𝜙 = 𝜋 ሻ = ෍ 𝑎 𝑘 sin ( 𝑏 𝑘 7 𝑘 = 1 𝜙 + 𝑐 𝑘 ) ,             𝜃 ∈ [ − 𝜋 2 , 𝜋 2 ]  

k  𝑎 𝑘  𝑏 𝑘  𝑐 𝑘  

1  42.818  0.9167  - 0.9757  

2  18.065  1.895  1.5513  

3  8.8444  3.6653  - 0.1862  

4  9.5301  7.6263  0.1674  

5  15.018  9.0456  0.2995  

6  20.098  8.565  - 2.8308  

7  1.5077  12.14  - 1.3725  
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𝐴 ℎ 𝑑𝐵 " ቀ 𝜃 = 𝜋 2 , 𝜙 ቁ = 𝑎 0 + ෍ 𝑎 𝑘 cos ሺ 𝜙𝑘 ሻ + ⁡ 𝑏 𝑘 sin ( 8 𝑘 = 1 𝜙𝑘 ) , 𝜙 ∈ [ 0 , 2 𝜋 ]      

k  𝑎 𝑘  𝑏 𝑘  

0  - 18.471  -  

1  3.6106  - 0.1824  

2  - 1.4888  1.3614  

3  0.5772  0.5331  

4  1.7125  1.3205  

5  - 0.0573  - 2.5904  

6  0.0628  - 1.0024  

7  - 1.0526  - 1.2366  

8  0.0433  - 0.1443  
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𝐺 𝜃 1 = 𝐺 𝑉 ൫ 𝜃 = 0 ° , 𝜙 = 0 ° ൯ , 𝐺 𝜃 2 = 𝐺 𝐻 ቀ 𝜃 = 𝜋 2 , 𝜙 ቁ , 𝐺 𝜙 1 = 𝐺 𝑉 ሺ 𝜃 , 𝜙 = 0 ሻ , 𝐺 𝜙 2 = 𝐺 𝑉 ሺ 𝜃 , 𝜙 = 𝜋 ሻ   𝐴 𝑑𝐵 " ሺ 𝜃 , 𝜙 ሻ = ൣ 𝜙 1 𝐺 𝜙 2 + 𝜙 2 𝐺 𝜙 1 ൧ 𝜃 1 𝜃 2 ( 𝜃 1 + 𝜃 2 ) 2 + ሾ 𝜃 1 𝐺 𝜃 2 + 𝜃 2 𝐺 𝜃 1 ሿ 𝜙 1 𝜙 2 ( 𝜙 1 + 𝜙 2 ) 2 ሾ 𝜙 1 + 𝜙 2 ሿ 𝜃 1 𝜃 2 ( 𝜃 1 + 𝜃 2 ) 2 + [ 𝜃 1 + 𝜃 2 ] 𝜙 1 𝜙 2 ( 𝜙 1 + 𝜙 2 ) 2  
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𝐴𝑣 𝑑𝐵 " ൫ 𝜃 , 𝜙 = 0 ° ൯ = ෍ 𝑎 𝑘 sin ( 𝑏 𝑘 4 𝑘 = 1 𝜙 + 𝑐 𝑘 ) ,             𝜃 ∈ [ − 𝜋 2 , 𝜋 2 ]  

k  𝑎 𝑘  𝑏 𝑘  𝑐 𝑘  

1  87.458  0.0103  - 2.9955  

2  4.1908  2.1185  1.8618  

3  1.0935  127.65  2.3653  

4  1.2773  16.837  1.1214  

𝐴𝑣 𝑑𝐵 " ሺ 𝜃 , 𝜙 = 𝜋 ሻ = ෍ 𝑎 𝑘 sin ( 𝑏 𝑘 6 𝑘 = 1 𝜙 + 𝑐 𝑘 ) ,             𝜃 ∈ [ − 𝜋 2 , 𝜋 2 ]  

k  𝑎 𝑘  𝑏 𝑘  𝑐 𝑘  

1  17.631  0.823  - 1.5005  

2  12.155  1.9599  1.2643  

3  15.226  5.6698  2.2669  

4  15.495  5.7995  - 0.9411  

5  0.3371  10.294  - 3.8515  

6  0.5965  11.41  0.4383  
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𝐴 ℎ 𝑑𝐵 " ቀ 𝜃 = 𝜋 2 , 𝜙 ቁ = 𝑎 0 + ෍ 𝑎 𝑘 cos ሺ 𝜙𝑘 ሻ + ⁡ 𝑏 𝑘 sin ( 8 𝑘 = 1 𝜙𝑘 ) , 𝜙 ∈ [ 0 , 2 𝜋 ]      

k  𝑎 𝑘  𝑏 𝑘  

0  - 12.742  -  

1  - 1.2007  0.2451  

2  4.1916  - 0.5651  

3  0.1901  0.453  

4  0.4235  0.6884  

5  - 1.3848  - 0.4145  

6  - 0.2381  0.2875  

7  0.4488  0.5441  

8  0.1606  - 0.2555  
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𝐺 𝜃 1 = 𝐺 𝑉 ൫ 𝜃 = 0 ° , 𝜙 = 0 ° ൯ , 𝐺 𝜃 2 = 𝐺 𝐻 ቀ 𝜃 = 𝜋 2 , 𝜙 ቁ , 𝐺 𝜙 1 = 𝐺 𝑉 ሺ 𝜃 , 𝜙 = 0 ሻ , 𝐺 𝜙 2 = 𝐺 𝑉 ሺ 𝜃 , 𝜙 = 𝜋 ሻ   𝐴 𝑑𝐵 " ሺ 𝜃 , 𝜙 ሻ = ൣ 𝜙 1 𝐺 𝜙 2 + 𝜙 2 𝐺 𝜙 1 ൧ 𝜃 1 𝜃 2 ( 𝜃 1 + 𝜃 2 ) 2 + ሾ 𝜃 1 𝐺 𝜃 2 + 𝜃 2 𝐺 𝜃 1 ሿ 𝜙 1 𝜙 2 ( 𝜙 1 + 𝜙 2 ) 2 ሾ 𝜙 1 + 𝜙 2 ሿ 𝜃 1 𝜃 2 ( 𝜃 1 + 𝜃 2 ) 2 + [ 𝜃 1 + 𝜃 2 ] 𝜙 1 𝜙 2 ( 𝜙 1 + 𝜙 2 ) 2  


