
 

 



 



 



 
 

 

 

 

  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 





 

 

𝐶𝑗𝑘𝑚𝑛 𝑢𝑗 𝑗

𝜌𝜕2𝑢𝑗

𝜕𝑡2
= 𝐶𝑗𝑘𝑚𝑛𝑢𝑚,𝑛𝑘

𝜌 𝑢𝑚,𝑛𝑘 =
𝜕2𝑢𝑚

𝜕𝑥𝑛𝜕𝑥𝑘
𝑗, 𝑘, 𝑚, 𝑛 𝑥

[1,2,3] 𝑥𝑝

𝑝 𝑥𝑝

𝐶𝑗𝑘𝑚𝑛
′

𝐶𝑗𝑘𝑚𝑝
′ = −𝐶𝑗𝑘𝑚𝑝 

𝐶𝑗𝑘𝑝𝑝
′ = 𝐶𝑗𝑘𝑝𝑝

𝐶𝑗𝑝𝑚𝑝
′ = 𝐶𝑗𝑚𝑝𝑚

𝐶𝑗𝑝𝑝𝑝
′ = −𝐶𝑗𝑝𝑝𝑝

𝐶𝑝𝑝𝑝𝑝
′ = 𝐶𝑝𝑝𝑝𝑝

𝐶𝑗𝑘𝑚𝑛 = 0

𝑝



𝜌𝑐2𝑎1 = 𝐶1111𝑎1 + 𝐶1121𝑎2 + 𝐶1131𝑎3

𝜌𝑐2𝑎2 = 𝐶2111𝑎1 + 𝐶2121𝑎2 + 𝐶2131𝑎3

𝜌𝑐2𝑎3 = 𝐶3111𝑎1 + 𝐶3121𝑎2 + 𝐶3131𝑎3

𝑐 𝑎𝑗 =
𝑢𝑗

𝑒
𝑖𝜔(𝑡−

𝑥1
𝑐

)
(−𝑖𝜔)2𝑒𝑖𝜔(𝑡−

𝑥1
𝑐

)

(𝑻 − 𝑝𝑐2𝑰)𝒂 = 0

𝑰 𝒂 𝑎𝑗 𝑻

𝜌𝑐2

 



𝜎𝛨𝑚𝑎𝑥

𝜎𝛨𝑚𝑎𝑥



𝜎𝛨𝑚𝑎𝑥

𝜎𝛨𝑚𝑖𝑛

𝜎𝛨𝑚𝑖𝑛

𝑉

𝑉

𝑉0
= 1 +

𝜎𝑛

𝜎𝑐

𝑉0 𝜎𝑛 𝜎𝑐 =
1

𝑐𝑐𝑟
𝑐𝑐𝑟

𝑐𝑐𝑟 =
1

𝑉0
 

𝜕𝑉

𝜕𝜎𝑛

|𝜎𝑛| > |𝜎𝑐|

𝜎𝑐

𝜎𝛨𝑚𝑎𝑥

𝑉

𝑉0
= 1 +

𝜎𝑛 + 𝑝𝑓

𝜎𝑐

𝜎𝑛 𝜓

𝜃

𝜎𝑛 = 𝜎1 sin2 𝜓 cos2 𝜃 + 𝜎2 sin2 𝜓 sin2 𝜃 + 𝜎3 cos2 𝜓

𝜎𝑐 𝑔

𝑔(𝜎𝑛)

𝑔0
= 1 + (

2(1 − 𝑣)

𝜋𝑔0𝜇
) 𝜎𝑛



𝜇 𝜈 𝑔0
𝑉

𝑉0
≅

𝑔

𝑔0

𝛾(𝜎𝑖𝑗 , 𝑝𝑓 , 𝜓, 𝜃) 𝜎𝑖𝑗 𝜎𝑛

𝛾

𝑡𝑐

𝜎𝑐

𝑡𝑐 ∝
5 (

𝐿
𝑎

)
3

(
𝜎𝑐
𝜇

) 𝑎2𝜂

𝑘𝛥𝜎

𝐿 𝛼 𝜂 𝑘

𝛥𝜎

𝑡𝑐

𝐶𝑖𝑗𝑘𝑙 = 𝐶𝑖𝑗𝑘𝑙
𝑠 + 휀0 ∬ 𝑅𝑖𝑗𝑘𝑙

𝑝𝑞𝑟𝑠(−𝜓, −𝜃)𝐶𝑝𝑞𝑟𝑠
1 (𝛾, 𝑟)𝑑𝛺

𝛾>0

𝐶𝑖𝑗𝑘𝑙 𝐶𝑖𝑗𝑘𝑙
𝑠 휀0

𝑅 𝑖𝑗𝑘𝑙 𝑝𝑞𝑟𝑠 𝐶𝑝𝑞𝑟𝑠
1

𝑟

𝜟𝝈 𝒌



 





 

 

 

 

 

 

 

 

 



 

 

𝑁𝐸 𝜃𝑁𝐸

𝜃𝑁𝐸 = tan−1
𝑁𝑆

𝑆𝑊

𝑁𝑆 𝑆𝑊

𝑁𝐸

𝑁𝐸 = √𝑁𝑆2 + 𝐸𝑊2



𝜃𝑐𝑟𝑖𝑡

𝜃𝑐𝑟𝑖𝑡 = sin−1
𝑉𝑠

𝑉𝑝

𝑉𝑝 𝑉𝑠

𝜃𝑐𝑟𝑖𝑡 𝑉𝑝 𝑉𝑠⁄ = 1.65



 





 



 

𝑅2𝐷

𝑅2𝐷 = [
𝑐𝑜𝑠𝜃 𝑠𝑖𝑛𝜃

−𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜃
]



𝜃

𝑁 𝐸 𝐹 𝑆

[
𝐹
𝑆

] = 𝑅2𝐷 [
𝑁
𝐸

]

𝑅3𝐷 = [
cos θ sin 𝑖0  sin 𝜃 sin 𝑖0 cos 𝜃
sin 𝑖0 cos 𝑖0 sin 𝜃 cos 𝑖0 cos 𝜃

0 cos 𝜃 sin 𝜃

]

𝜃 𝑖0

[
𝐿
𝑄
𝑇

] = 𝑅3𝐷 [
𝑍
𝑁
𝐸

]

𝑐(𝑡)

𝑐(𝜏) = 𝐹(𝜏) ⋆ 𝑆(𝜏) = ∫ 𝐹(𝑡 − 𝜏)𝑆(𝜏)𝑑𝜏

+∞

−∞

𝑡 𝜏 ⋆

𝐹(𝑡) ⋆ 𝑆(𝑡) ≠ 𝑆(𝑡) ⋆ 𝐹(𝑡)

𝐹(𝑡) ∗ 𝑆(𝑡) = 𝐹(−𝑡) ⋆ 𝑆(𝑡)



𝑟 𝑧

𝑧 =
1

2
log (

1 + 𝑟

1 − 𝑟
)

𝑧 𝜎𝑧 = √
1

𝑛
− 3

𝑛 𝜇𝑧 = 2𝜎𝑧

𝜇𝑟 = tan (𝜇𝑧)

 



 

�̂�

 �̂� �̂� 𝜞

𝜞 ≅ 𝑒𝑖𝜔
𝑡𝑑
2

�̂��̂� + 𝑒−𝑖𝜔
𝑡𝑑
2

�̂��̂�

𝑢𝑠

𝑢𝑠(𝜔) = 𝑤(𝜔)𝑒−𝑖𝜔𝑇0𝜞(𝜑, 𝑡𝑑)�̂�

𝑤(𝜔) 𝑇0 𝜑

𝛿𝑻 =
𝒕𝒅

𝟐
(�̂��̂� − �̂��̂�)

𝜞 = 𝑒𝑖𝜔𝛿𝜯(𝜑,𝑡𝑑)

𝜞 =

𝜞−𝟏

𝑐𝑖𝑗(𝜑, 𝑡𝑑) = ∫ 𝑢𝑖(𝑡)𝑢𝑗(𝑡 − 𝑡𝑑)𝑑𝑡

+∞

−∞

𝑖, 𝑗 𝑐𝑖𝑗

𝜆1 = ∫ 𝑤(𝑡)2𝑑𝑡
+∞

−∞
�̂� 𝜞−𝟏

𝜆2



𝜆2

�̂�

𝑎 𝜆2
𝑚𝑖𝑛

𝜆2

𝜆2
𝑚𝑖𝑛

≤ 1 +
𝑘

𝜈 − 𝑘
𝑓𝑘,𝜈−𝑘(1 − 𝑎)

𝜈 𝑘

𝑘 = 2 𝑓 𝑎 = 0.05

𝜈

𝐸 = ∑|𝑓𝑛|2|𝑔𝑛|2

𝑁−1

𝑛=1

+
1

2
(|𝑓0|2|𝑔0|2 + |𝑓𝑁|2|𝑔𝑁|2)

𝐸4 = ∑|𝑓𝑛|4|𝑔𝑛|4

𝑁−1

𝑛=1

+
1

3
(|𝑓0|4|𝑔0|4 + |𝑓𝑁|4|𝑔𝑁|4)

𝑔 𝑓 𝑛 𝑁

𝐸 𝐸4

𝜈 = 2 (
2𝐸2

𝐸4
− 1)



𝜈

𝐸4 = ∑
4

3
|𝑓𝑛|4|𝑔𝑛|4

𝑁−1

𝑛=1

+
1

3
(|𝑓0|4|𝑔0|4 + |𝑓𝑁|4|𝑔𝑁|4)

𝜈

 



𝑇𝑏𝑒𝑔

𝑇𝑒𝑛𝑑

𝑇𝑏𝑒𝑔 = 𝑇𝑏𝑒𝑔1 − (𝑖 − 1)𝛥𝑇𝑏𝑒𝑔

𝑇𝑒𝑛𝑑 = 𝑇𝑒𝑛𝑑0 + (𝑗 − 1)𝛥𝑇𝑒𝑛𝑑

𝑇𝑏𝑒𝑔1 𝑇𝑏𝑒𝑔 𝛥𝛵𝑏𝑒𝑔

𝑖 [1, 𝑁𝑏𝑒𝑔] 𝑁𝑏𝑒𝑔 𝑇𝑒𝑛𝑑0

𝑇𝑒𝑛𝑑 𝛥𝛵𝑒𝑛𝑑  𝑗

[1, 𝑁𝑒𝑛𝑑] 𝑁𝑒𝑛𝑑

𝑇𝑏𝑒𝑔1 𝑇𝑒𝑛𝑑0

𝑁 = 𝑁𝑏𝑒𝑔𝑁𝑒𝑛𝑑

𝑁



𝑍4 =
𝑋

𝑋𝑚𝑎𝑥 − 𝑋𝑚𝑖𝑛

𝑍4 𝑋 𝑋𝑚𝑎𝑥 − 𝑋𝑚𝑖𝑛

𝑁

𝑁 − 1

𝑁

𝑑𝑘𝑙 = √(𝑇𝑑𝑘 − 𝑇𝑑𝑙)2 + (𝛷𝑘 − 𝛷𝑙)2

𝑇𝑑 𝛷

𝑘 𝑙 𝑗

𝑖 𝑗

𝑇𝑑𝑗 =
∑ 𝑡𝑑𝑖

(𝑗)𝑁𝑗

𝑖=1

𝑁𝑗

𝛷𝑗 =
∑ 𝜑𝑖

(𝑗)𝑁𝑗

𝑖=1

𝑁𝑗

𝑁𝑗 𝑀

[𝑁, 1]

𝑀 𝑀

𝑐(𝑀)

𝑐(𝑀) =
(𝑁 − 𝑀)𝑡𝑟𝑎𝑐𝑒(𝑩)

(𝑀 − 1)𝑡𝑟𝑎𝑐𝑒(𝑾)

𝑩 𝑾

𝑀 𝑐 𝑐

√(1 −
𝜎2

2

𝜎1
2 −

2

𝜋𝑝
) (

𝑁𝑗𝑝

2 (1 −
8

𝜋2𝑝
)

) > 𝑐𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙

𝜎2 𝜎1

𝑝 𝑐𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙

𝑁

𝑀

𝑀𝑚𝑎𝑥

𝑀



𝑁𝑐𝑚𝑖𝑛 

𝜎𝑐𝑗
2 𝜎𝑑𝑗

2

𝜎𝑐𝑗
2 =

∑ (𝑡𝑑𝑖
(𝑗)

− 𝑇𝑑𝑗)
2

+ (𝜑𝑖
(𝑗)

− 𝛷𝑗)
2𝑁𝑗

𝑖=1

𝑁𝑗

𝜎𝑑𝑗
2 = [∑

1

(𝜎𝑡𝑑𝑖

(𝑗)
)

2 

𝑁𝑗

𝑖=1

]

−1

+ [∑
1

(𝜎𝜑𝑖

(𝑗)
)

2 

𝑁𝑗

𝑖=1

]

−1

𝜎

𝜎𝜊𝑗
2

 



 

𝑡𝑑𝑟

𝑡𝑑𝑟
= ∑ 𝑠𝑏𝐿𝑟𝑏

𝑛

𝑏=1

𝑠𝑏 𝐿𝑟𝑏 𝑏

𝑮𝑇𝑪−1𝑑 = (𝑮𝑇𝑪−1𝑮)𝑚

𝑮 𝐿𝑟𝑏 𝑑 𝑚

𝑪

𝐶𝑖𝑖 = 𝜎𝑑
2(𝑖) +

𝐿𝑏
2 𝜎𝑚

2 𝑛𝑏(𝑖)

𝑛

𝐶𝑖𝑗 =
𝜎𝑚

2 𝐿2

𝑛2

𝜎𝑑
2 𝑖 𝑛𝑏

𝜎𝑚
2

𝑑𝐶𝐵 = 𝑮𝐶𝐵𝑚𝐶𝐵

𝐶𝐵

𝜑
𝑏

𝜑
𝑏

= tan−1 2 (
∑ wrbsin 𝜑𝑟

𝑛
𝑟=1

∑ 𝑤𝑟𝑏
𝑛
𝑟=1

,
∑ wrbcos 𝜑𝑟

𝑛
𝑟=1

∑ 𝑤𝑟𝑏
𝑛
𝑟=1

)



𝑤𝑟𝑏 =
𝑠𝑏

𝑡𝑑𝑟

 



 

 



 

 

 



 

 

 

 



 

• 

• 

• 

• 

• 

• 





 



 



 

𝑆𝑁𝑅 =
|𝐴|𝑚𝑎𝑥

𝜎𝑛𝑜𝑖𝑠𝑒
2  

|𝐴|𝑚𝑎𝑥 𝜎𝑛𝑜𝑖𝑠𝑒
2 = √

∑ 𝑥𝑖
2𝑛

𝑖=1

𝑛

𝑥 𝑛

𝑎𝜈1

𝑎𝜈2(𝑡) =
|𝛼𝑣1(𝑡)|

|𝑎𝑣1|𝑚𝑎𝑥
−

𝑎𝑣1(𝑡)2

𝑎𝑣1𝑚𝑎𝑥

2

𝑎𝜈3(𝑡)

𝑎𝜈3(𝑡) = 𝛼𝜈2(𝑡 − 1), 𝑖𝑓  𝑎𝜈2(𝑡) ≤ 𝑎𝑣2(𝑡 − 1)

𝑎𝑣3(𝑡) = 𝑎𝑣2(𝑡), 𝑖𝑓 𝑎𝜈2(𝑡) > 𝑎𝑣2(𝑡 − 1)

𝑖1

𝑖2 𝑎𝑣1
3 (𝑡)

𝑖2 3𝑖3 − 𝑖2 𝑖3

𝑎𝜈1
3 (𝑡)

𝑖4

𝑖4



 

 

 





𝛿

𝛿 = tan−1
𝜆1

𝑦

𝜆1
𝑥

𝜆1
𝑦

𝜆1
𝑥

𝛿

𝐶95

𝜈

𝐶95

 





𝑓𝑒

𝑇𝑏𝑒𝑔0
𝑡𝑆𝑃

2
𝑇𝑏𝑒𝑔1

𝛥𝑇𝑏𝑒𝑔

𝑁𝑏𝑒𝑔

𝑇𝑏𝑒𝑔1 − 𝑇𝑏𝑒𝑔0

𝛥𝑇𝑏𝑒𝑔

𝑇𝑒𝑛𝑑0 𝑇0

𝑇𝑒𝑛𝑑1 𝑓𝑒 ∗ 𝑇0

𝛥𝛵𝑒𝑛𝑑

𝑁𝑒𝑛𝑑

𝑇𝑒𝑛𝑑1 − 𝑇𝑒𝑛𝑑0

𝛥𝑇𝑒𝑛𝑑

𝑀

𝑀 𝑐𝐷𝐻

𝑀

𝑀 = 1 𝑐𝐷𝐻 𝑀 𝑐𝐷𝐻 ≥ 3.2

𝑀𝑚𝑎𝑥 = 𝑀 𝑐𝐷𝐻 𝑀𝑚𝑎𝑥

𝑐𝐶𝐻 𝑀 [𝑀, 𝑀𝑚𝑎𝑥]



𝑀

 

 



 

 

𝛿

𝛿𝑑𝑖𝑓𝑓 = |𝛿 − 𝜑|

𝑠𝑆𝑁𝑅 =
𝑆𝑁𝑅𝑚𝑖𝑛

𝑆𝑁𝑅

𝑠𝜑 =
𝛿𝜑

𝛿𝜑𝑚𝑎𝑥

𝑠𝑡𝑑
=

𝛿𝑡𝑑

𝛿𝑡𝑑𝑚𝑎𝑥

𝑠 𝛿

𝑠

𝑠 = 𝑠𝑆𝑁𝑅 + 𝑠𝜑 + 𝑠𝑡𝑑



• 𝑠 ≤ 1.0

• 1.0 < 𝑠 ≤ 1.5

• 1.5 < 𝑠 ≤ 2.0

• 2.0 < 𝑠 < 3.0

• 

• 

𝑠𝜑 𝑠𝑡𝑑

 



 

 



 



 



 



 

𝑖0

𝑖0 = sin−1 (
𝑉𝑡𝑜𝑝

𝑉𝑏𝑜𝑡
sin(𝑖ℎ))

𝑉𝑡𝑜𝑝 𝑉𝑏𝑜𝑡 𝑖ℎ

𝑖ℎ > 90°

𝑆𝑁𝑅𝑚𝑖𝑛 = 2.5 𝛿𝜑𝑚𝑎𝑥 = 10° 𝛿𝑡𝑑𝑚𝑎𝑥
= 𝑠𝑝𝑠 𝛿𝑑𝑖𝑓𝑓 = 10°  



 

 





𝜎𝛨𝑚𝑎𝑥

 



 

 



𝝋 ̃

𝜹𝝋 𝒕�̅�

𝜹𝒕𝒅

𝝋 ̃(𝜨°𝜠) 𝜹𝝋(𝜨°𝜠) 𝒕�̅�(𝒎𝒔) 𝜹𝒕𝒅(𝒎𝒔)

 







 



 

 

 



 



 

𝑖0 ≤ 35°

𝝋 ̃ 𝜹𝝋

𝒕�̅� 𝜹𝒕𝒅

𝝋 ̃(𝜨°𝜠) 𝜹𝝋(𝜨°𝜠) 𝒕�̅�(𝒎𝒔) 𝜹𝒕𝒅(𝒎𝒔)

 



 







 



 

 

σ𝐻𝑚𝑎𝑥



 

𝑖0



𝝋 ̃ 𝜹𝝋

𝒕�̅� 𝜹𝒕𝒅

𝝋 ̃(𝜨°𝜠) 𝜹𝝋(𝜨°𝜠) 𝒕�̅�(𝒎𝒔) 𝜹𝒕𝒅(𝒎𝒔)

𝝋 ̃ 



 



 

 





 



 

𝑅

𝑅 = 0.61

𝑅 = −0.26

𝒙 =  𝒚

𝑹

𝑹



 



𝑅 = 0.71

𝑅 = 0.36

𝒙 =  𝒚

𝑹

𝑹



 



 

 



𝜎𝜑 𝜎𝑡𝑑

𝜎𝜑 𝜎𝑡𝑑

𝜎𝜑

𝜎𝑡𝑑

𝒅𝑵 𝒅𝝈𝝋 𝐝𝝈𝒕𝒅

Station 𝒅𝑵 (%) 𝒅𝝈𝝋 (%) 𝐝𝝈𝒕𝒅
 (%) 

AIOA -23.3 -14.1 -44.6 

ALIK -72.6 -26.5 -16.4 

EFP -54.2 -18.8 -16.0 

KALE -64.0 16.2 -26.3 

LAKA -75.8 -22.0 -27.8 

MALA -68.2 -19.1 -24.1 

MG00 -38.5 -10.3 -27.7 

PANR -64.7 -45.0 4.8 

PSAR -63.5 -37.7 -22.2 

PYRG -62.5 -7.8 -6.0 

ROD3 -66.7 -56.6 -8.3 

SANT -93.3 nan nan 

SERG -54.9 -28.2 -28.0 

SNT3 -46.4 -12.6 -2.1 

THT1 -30.0 -7.9 -15.5 

TRIZ -71.1 -10.3 -20.2 

WK01 -35.7 13.2 -6.5 

WK03 -50.0 -44.0 -87.8 

WK05 -27.3 39.0 -36.5 

WK06 -30.8 -36.3 -4.2 

WK07 -50.0 -21.5 -84.9 

WK11 -56.2 8.3 -63.5 
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