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𝑦𝑠𝑝[𝑛]

𝑦[𝑛] 𝑒[𝑛] 𝑢[𝑛] 𝑢(𝑡) 𝑦(𝑡)

𝑒 𝑛 − 𝑒[𝑘] > 𝑒𝑙𝑖𝑚 ℎ𝑎𝑐𝑡 ≥ ℎ𝑚𝑎𝑥

•

ℎ𝑛𝑜𝑚



ℎ𝑛𝑜𝑚 ℎ𝑚𝑎𝑥



𝐾 = 4, 𝑇𝑖 = 20, ℎ𝑛𝑜𝑚 = 1𝑠 𝑦 ℎ𝑚𝑎𝑥 = 20𝑠
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𝐚 ∙ 𝐛 = 𝐚 𝐛 cos(≺ (𝐚, 𝐛))
𝐮𝐱𝐱
𝐩
𝐩𝐠
𝐩𝐨
Δ
𝜀:
𝑑𝑟:

𝐮 = 𝟎

𝐮𝐃𝐃

𝐮𝐄𝐎

𝐮𝐒𝐏
𝐜𝐜 𝐮𝐒𝐏

𝐜

𝐩 − 𝐩𝐨 = Δ 𝑎𝑛𝑑

𝐮𝐃𝐃 ∙ 𝐮𝐒𝐏
𝐜𝐜 > 0

𝐩 − 𝐩𝐨 = Δ 𝑎𝑛𝑑

𝐮𝐃𝐃 ∙ 𝐮𝐒𝐏
𝐜 > 0

𝑑𝑟 ≔ 𝐩− 𝐩𝐠𝑑𝑟 ≔ 𝐩− 𝐩𝐠

𝐩 − 𝐩𝐨 < Δ
𝐩 − 𝐩𝐨 < Δ

𝐩 − 𝐩𝐨 = Δ 𝑎𝑛𝑑

𝐮𝐃𝐃 ∙ 𝐮𝐒𝐏
𝐜𝐜 > 0

𝐩 − 𝐩𝐨 = Δ 𝑎𝑛𝑑

𝐮𝐃𝐃 ∙ 𝐮𝐒𝐏
𝐜 > 0

𝐩 − 𝐩𝐠 < 𝑑𝑟 𝑎𝑛𝑑

𝐮𝐄𝐎 ∙ 𝐮𝐃𝐃 > 0

𝑑𝑟 ≔ 𝐩− 𝐩𝐠 𝑑𝑟 ≔ 𝐩− 𝐩𝐠

𝐩 − 𝐩𝐠 ≤ 𝜀





 𝑥𝑄
 𝑦𝑄
 𝜑

=

𝑟
2 𝑐𝑜𝑠(𝜑)

𝑟
2 𝑐𝑜𝑠(𝜑)

𝑟
2 𝑠𝑖𝑛(𝜑)

𝑟
𝐿

𝑟
2 𝑠𝑖𝑛(𝜑)

−𝑟
𝐿

 𝜃𝑟
 𝜃𝑙

 𝐩 = 𝐉  𝐪

 𝑥𝑄 𝑠𝑖𝑛 𝜑 −  𝑦𝑄 𝑐𝑜𝑠(𝜑) = 0



𝑡𝑛, 𝑡𝑛−1 𝑇𝑠 = 𝑡𝑛 − 𝑡𝑛−1

 𝜑𝑜 𝑛 =  𝜑𝑜 𝑛 − 1 +
𝑑𝑙 𝑛 − 𝑑𝑟[𝑛]

𝐿

 𝑥𝑜 𝑛 =  𝑥𝑜 𝑛 − 1 + 𝑑𝑐 𝑛 𝑠𝑖𝑛(  𝜑𝑜[𝑛])

 𝑦𝑜 𝑛 =  𝑦𝑜 𝑛 − 1 + 𝑑𝑐 𝑛 𝑐𝑜𝑠(  𝜑𝑜[𝑛])

𝑑𝑙 𝑛 : 𝑇𝑠

𝑑𝑟 𝑛 : 𝑇𝑠

𝑑𝑐 𝑛 =
𝑑𝑙 𝑛 +𝑑𝑟[𝑛]

2
:

𝐿:



• 𝑓𝑠
•

•

• 𝑘





𝑣 = 𝐾𝜌𝜌 𝑐𝑜𝑠(𝛼) , 𝐾𝜌> 0

𝜔 = 𝐾𝜌 𝑠𝑖𝑛(𝛼) 𝑐𝑜𝑠 𝛼 + 𝐾𝛼𝛼 , 𝐾𝛼> 0

𝑢 = (𝑣, 𝜔)

𝐾𝜌: 𝐾𝛼

 𝜌 = −𝑣𝑐𝑜𝑠 𝛼

 𝛼 = −𝑣𝑠𝑖𝑛 𝛼
𝜌 − 𝜔

𝜌

𝛼



𝛼

𝜌

>

>

>

>

>

>

 𝜌 = −𝑣𝑐𝑜𝑠 𝛼

 𝛼 = −𝑣𝑠𝑖𝑛 𝛼
𝜌 − 𝜔

𝐾𝜌 = 5, 𝐾𝛼 = 5

𝑣 = 𝐾𝜌𝜌 𝑐𝑜𝑠(𝛼) , 𝐾𝜌> 0

𝜔 = 𝐾𝜌 𝑠𝑖𝑛(𝛼) 𝑐𝑜𝑠 𝛼 + 𝐾𝛼𝛼 , 𝐾𝛼> 0



𝐾𝜌 = 0,1𝑠−1, 𝐾𝛼= 0,5𝑠−1 𝑎𝑧𝑢𝑙, 𝐾𝛼= 0,2𝑠−1 𝑟𝑜𝑗𝑜, 𝐾𝛼= 0,1𝑠−1 𝑣𝑒𝑟𝑑𝑒

𝒇𝒔

𝑣 𝑛 = 𝐾𝜌𝜌 𝑛 cos 𝛼 𝑛 , 𝐾𝜌 > 0

𝜔 𝑛 = 𝐾𝜌 sin 𝛼 𝑛 cos 𝛼 𝑛 + 𝐾𝛼𝛼 𝑛 , 𝐾𝛼 > 0



𝑣 𝑘 = 𝐾𝜌𝜌 𝑘 𝑐𝑜𝑠 𝛼 𝑘 , 𝐾𝜌> 0

𝜔 𝑘 = 𝐾𝜌 𝑠𝑖𝑛 𝛼 𝑘 𝑐𝑜𝑠 𝛼 𝑘 + 𝐾𝛼𝛼 k , 𝐾𝛼> 0

• 𝑒𝜌 𝜌 < 𝑒𝜌
•  𝑒𝛼 𝛼 >  𝑒𝛼

𝛼 >  𝑒𝛼

𝐾𝜌 𝐾𝛼



1/𝑓𝑠

𝑒𝑝
𝑚
𝑎
𝑥

𝑡

𝛼

𝑒𝑝𝑚𝑎𝑥 =  𝛼 𝑚𝑎𝑥

1

𝑓𝑠

 𝑒 = 𝑒𝑝𝑚𝑎𝑥

𝑓𝑠 = 10

𝜔 𝑚𝑎𝑥 = 2,6

𝛼𝑚𝑎𝑥

 𝑒𝛼 = 𝑒𝑝𝑚𝑎𝑥 =  𝛼 𝑚𝑎𝑥
1

𝑓𝑠
= 𝜔 𝑚𝑎𝑥

1

𝑓𝑠
=



𝑥

𝑦

𝑥𝑔 = 50 cm

𝑦𝑔 = 40 cm

𝑓𝑠 𝐾𝜌 𝐾𝛼  𝑒𝛼 𝑒𝜌





𝜑𝐴𝑂 = 𝜎 𝑑0 𝜑 + (1 − 𝜎(𝑑0))𝜑0 𝐮𝐟𝐰 = 𝑘1 ∙ 𝐮𝐟𝐰𝐭 + 𝑘2 ∙ 𝐮𝐟𝐰𝐩

𝜑𝐴𝑂 = 𝜑 ± 𝛾 𝛾 𝜋
𝜋

2•

•

𝜎 𝑑0 = 1 − 𝑒−𝑘𝑑0

𝐮𝐟𝐰𝐭 =
𝐩𝟐 − 𝐩𝟏
𝐩𝟐 − 𝐩𝟏

𝐩𝐜 = (𝑥𝑐, 𝑦𝑐)
𝑇

𝐯𝐫𝐰 = 𝐩𝟏 − 𝐩𝐜 − ((𝐩𝟏 − 𝐩𝐜) ∙ 𝐮𝐟𝐰𝐭)𝐮𝐟𝐰𝐭 𝐮𝐟𝐰𝐩 = 𝐯𝐫𝐰 − 𝑑𝑤
𝐯𝐫𝐰
𝐯𝐫𝐰



𝐢𝐟 [ 𝑜𝑏𝑡𝑓𝑙 >  𝑒𝐸𝑂 𝐎𝐑 𝑜𝑏𝑡𝑙𝑙 >  𝑒𝐸𝑂 𝐎𝐑…

… 𝑜𝑏𝑡𝑓𝑟 >  𝑒𝐸𝑂 𝐎𝐑 (𝑜𝑏𝑡𝑙𝑟 >  𝑒𝐸𝑂)]

{𝑒𝑣𝑒𝑛𝑡𝑜 = 𝑡𝑟𝑢𝑒}
𝐞𝐥𝐬𝐞 {𝑒𝑣𝑒𝑛𝑡𝑜 = 𝑓𝑎𝑙𝑠𝑒}

•  𝑒𝐸𝑂

𝑣

𝜔



1

𝑓𝑠

𝑒𝑝
𝑚
𝑎
𝑥

𝑡

𝑑

𝑒𝑝𝑚𝑎𝑥 =  𝑑
𝑚𝑎𝑥

1

𝑓𝑠

 𝑒 = 𝑒𝑝𝑚𝑎𝑥

𝑓𝑠 = 10

𝑣 𝑚𝑎𝑥 = 3

 𝑒𝐸𝑂 =  𝑒𝑆𝑃 =  𝑑
𝑚𝑎𝑥

1

𝑓𝑠
= 𝑣 𝑚𝑎𝑥

1

𝑓𝑠
=



𝑓𝑠  𝑒𝐸𝑂

𝑣 = 3 ; 𝜔𝑚𝑎𝑥 = 2,6





Escriba aquí la ecuación.

𝐢𝐟 [ 𝑜𝑏𝑡𝑓𝑙 > 0 𝐎𝐑 𝑎𝑏𝑠 𝑜𝑏𝑡𝑙𝑙 − 𝑤 >  𝑒𝑆𝑃 ]

{𝑒𝑣𝑒𝑛𝑡𝑜 = 𝑡𝑟𝑢𝑒}

𝐞𝐥𝐬𝐞 {𝑒𝑣𝑒𝑛𝑡𝑜 = 𝑓𝑎𝑙𝑠𝑒}

𝐢𝐟 𝑜𝑏𝑡𝑓𝑙 > 0

{𝑣𝑟 𝑘 = 0, 𝑣𝑙 𝑘 = 𝑣}
𝐞𝐥𝐬𝐞

{𝑣𝑟 𝑘 = 𝑣, 𝑣𝑙 𝑘 = 𝑜𝑏𝑡𝑙𝑙 −𝑤 𝑣𝑤 + 𝑣}

•  𝑒𝑆𝑃
•

• 𝑤
• 𝑣𝑤

𝑤



𝑓𝑠 𝑤 𝑣 𝑣𝑤  𝑒𝑆𝑃



 𝑒𝑆𝑃 =



𝑁𝑁 =
𝑁𝑒𝑣𝑒
𝑁𝑝𝑒𝑟

𝑁𝑅 =
𝐶𝑜𝑛𝑠𝑢𝑚𝑜_𝑅𝑒𝑐𝑢𝑟𝑠𝑜_𝑅𝑒𝑣𝑒
𝐶𝑜𝑛𝑠𝑢𝑚𝑜_𝑅𝑒𝑐𝑢𝑟𝑠𝑜_𝑅𝑑𝑖𝑠

𝜂𝑁(%) = 1 − 𝑁𝑁 100

𝜂𝑅(%) = 1 − 𝑁𝑅 100

𝜂𝑅(%) ≤ 𝜂𝑁(%)



𝐵𝑊𝑝𝑒𝑟 bps =
𝑙𝑁𝑝𝑒𝑟
𝑁

; 𝐵𝑊𝑒𝑣𝑒 bps =
𝑙𝑁𝑒𝑣𝑒
𝑁

𝑁𝐵𝑊 =
𝐵𝑊𝑒𝑣𝑒

𝐵𝑊𝑑𝑖𝑠
=
𝑁𝑒𝑣𝑒
𝑁𝑝𝑒𝑟

= 𝑁𝑁

𝜂𝐵𝑊(%) = 𝜂𝑁(%)

𝑙 𝑁𝑝𝑒𝑟 𝑁𝑒𝑣𝑒



𝐶𝐿𝑝𝑒𝑟 ops/s =
𝑛𝐶𝑝 + 𝑛𝑅𝑝 + 𝑛𝑃𝑝 𝑁𝑝𝑒𝑟

𝑁

𝐶𝐿𝑒𝑣𝑒 ops/s =
𝑛𝐶𝑒 + 𝑛𝑅𝑒 𝑁𝑒𝑣𝑒 + 𝑛𝑃𝑒𝑁𝑝𝑒𝑟

𝑁

𝜂𝐶𝐿 % = 1 − 𝑁𝐶𝐿 100

𝑁𝐶𝐿 =
𝐶𝐿𝑝𝑒𝑟

𝐶𝐿𝑒𝑣𝑒
=

𝑛𝐶𝑒 + 𝑛𝑅𝑒
(𝑛𝐶𝑝 + 𝑛𝑅𝑝 + 𝑛𝑃𝑝)

𝑁𝑁 +
𝑛𝑃𝑒

(𝑛𝐶𝑝 + 𝑛𝑅𝑝 + 𝑛𝑃𝑝)

𝑆𝑖 𝑛𝑃𝑝 → 0 𝑦 𝑛𝑃𝑒 → 0 ⇒ 𝜂𝐶𝐿 % → 𝜂𝑁(%)

𝑆𝑖 𝑛𝑃𝑝 ↑ 𝑦 𝑛𝑃𝑒 ↑ ⇒ 𝜂𝐶𝐿 % → 0

𝑛𝐶𝑥 𝑛𝑅𝑥 𝑛𝑃𝑝 𝑛𝑃𝑒

𝑛𝐶𝑝 ≈ 𝑛𝐶𝑒 𝑛𝑅𝑝 ≈ 𝑛𝑅𝑒



𝐸𝐶 = 𝐸𝑀𝐶𝑇𝑅 + 𝐸𝑅𝑆𝐶 = 𝛼𝐸𝐶 + 1 − 𝛼 𝐸𝐶 ⇒ 𝐸𝑅𝑆𝐶 ≠ 𝑓(𝑁𝑁)

𝐸𝑅 = 𝐸𝑀𝑅𝑇𝑅 + 𝐸𝑅𝑆𝑅 = 𝛽𝐸𝑅 + 1 − 𝛽 𝐸𝑅 ⇒ 𝐸𝑅𝑆𝑅 ≠ 𝑓(𝑁𝑁)

𝐸𝐶𝑝𝑒𝑟 = 𝛼𝐸𝐶𝑁𝑝𝑒𝑟 + 1 − 𝛼 𝐸𝐶

𝐸𝑅𝑝𝑒𝑟 = 𝛽𝐸𝑅𝑁𝑝𝑒𝑟 + 1 − 𝛽 𝐸𝑅

𝐸𝐶𝑒𝑣𝑒 = 𝛼𝐸𝐶𝑁𝑒𝑣𝑒 + 1 − 𝛼 𝐸𝐶

𝐸𝑅𝑒𝑣𝑒 = 𝛽𝐸𝑅𝑁𝑒𝑣𝑒 + 1 − 𝛽 𝐸𝑅

𝜂𝐸𝐶(%) = 1 − 𝑁𝐸𝐶 100

𝜂𝐸𝑅(%) = 1 − 𝑁𝐸𝑅 100

𝑁𝐸𝐶 =
𝛼𝑁𝑒𝑣𝑒 + (1 − 𝛼)

𝛼𝑁𝑝𝑒𝑟 + (1 − 𝛼)
𝑁𝐸𝑅 =

𝛽𝑁𝑒𝑣𝑒 + (1 − 𝛽)

𝛽𝑁𝑝𝑒𝑟 + (1 − 𝛽)

𝑆𝑖 𝛼 → 0 ⇒ 𝜂𝐸𝐶 % → 0

𝑆𝑖 𝛽 → 0 ⇒ 𝜂𝐸𝑅 % → 0

𝑆𝑖 𝛽 → 1 ⇒ 𝜂𝐸𝑅 % → 𝜂𝑁 (%)

𝑆𝑖 𝛼 → 1 ⇒ 𝜂𝐸𝐶 % → 𝜂𝑁 (%)

𝐸𝑀𝐶𝑇𝑅 𝐸𝑀𝑅𝑇𝑅 𝐸𝑅𝑆𝐶 𝐸𝑅𝐶𝑅

𝛼 =
𝐸𝑀𝐶𝑇𝑅
𝐸𝐶

𝛽 =
𝐸𝑀𝑅𝑇𝑅
𝐸𝑅



𝑣  𝑒𝐸𝑂

𝑣 𝑤 𝑣𝑤  𝑒𝑆𝑃



𝜂𝑁(%)

𝑁𝑝𝑒𝑟 𝑁𝑒𝑣𝑒

𝑁𝑁 = 0,37 𝜂𝑁 % = 63%

𝑁𝑁 =
𝑁𝑒𝑣𝑒
𝑁𝑝𝑒𝑟

𝜂𝑁(%) = 1 − 𝑁𝑁 100

𝑁𝑝𝑒𝑟 𝑁𝑒𝑣𝑒

𝑁𝑁 = 0,83 𝜂𝑁 % = 17%



𝜂𝑁 𝜂𝑁

𝜂𝐵𝑊 𝜂𝐵𝑊

𝐵𝑊𝐷𝐿

𝐵𝑊𝐷𝐿

𝐵𝑊𝐷𝐿

𝐵𝑊𝐷𝐿

𝜂𝐵𝑊(%)



𝜂𝐶𝐿(%)

𝜂𝑁

𝜂𝐶𝐿

𝜂𝑁

𝜂𝐶𝐿



𝐴 = 𝜋𝑟2

𝜂𝐸𝑅(%)

(𝐸𝑅)𝑝𝑒𝑟= 100%− (𝐵𝑎𝑡𝑡𝑒𝑟𝑦(%))𝑝𝑒𝑟

(𝐸𝑅)𝑒𝑣𝑒= 100% − (𝐵𝑎𝑡𝑡𝑒𝑟𝑦(%))𝑒𝑣𝑒

(𝐸𝑅)𝑝𝑒𝑟 𝐸𝑅 𝑒𝑣𝑒 𝑁𝐸𝑅

𝜂𝑁

𝜂𝐸𝑅

𝜂𝑁
𝜂𝐸𝑅

(𝛽 ≈ 1% 𝛽 = 63%)  𝜂𝐸𝑅 = 62% 𝜂𝐸𝑅 = 17% 𝜂𝑁 = 63% 𝜂𝑁 = 17%



𝜂𝑁 𝜂𝐵𝑊 𝜂𝐶𝐶 𝜂𝐸𝑅

𝜂𝑁 𝜂𝐵𝑊 𝜂𝐶𝐿 𝜂𝐸𝑅





𝐾𝜌 𝐾𝛼  𝑒𝛼 𝑒𝜌 𝜇 𝜎

𝒩(𝜇, 𝜎)





𝐢𝐟 𝛼(𝑡) >  𝑒𝛼
{𝑒𝑣𝑒𝑛𝑡𝑜 = 𝑡𝑟𝑢𝑒}

𝐞𝐥𝐬𝐞 {𝑒𝑣𝑒𝑛𝑡𝑜 = 𝑓𝑎𝑙𝑠𝑒}

𝐢𝐟 𝛼 𝑡 + 𝑛𝛼 𝑡 >  𝑒𝛼 +  𝑒𝛼𝑑[𝑛]
{𝑒𝑣𝑒𝑛𝑡𝑜 = 𝑡𝑟𝑢𝑒}

𝐞𝐥𝐬𝐞 {𝑒𝑣𝑒𝑛𝑡𝑜 = 𝑓𝑎𝑙𝑠𝑒}



 𝑒𝛼 𝑛 =  𝑒𝛼𝑑 𝑛 +  𝑒𝛼
 𝑒𝛼𝑑 𝑛 :



𝑘𝑛 =
𝑛(𝑡)

Δ𝑟 ≫ 𝑛(𝑡)



𝐾𝜌 𝐾𝛼 𝑙  𝑒𝛼 𝑒𝜌

 𝑒𝛼𝑑[𝑛]

 𝑒𝛼𝑑

 𝑒𝛼𝑑

𝜇 σ 𝑙𝑒𝑛𝑔𝑡ℎ(𝑟[𝑛]) 𝑃𝑒𝑟(𝑎𝑏𝑠 𝑟 𝑛 , 70%)



𝑥

𝑦





𝑒𝜌 =  𝑒𝛼 = 𝐾𝜌 𝐾𝛼













 𝑢
 𝑤
 𝑞
 𝜃
 ℎ

= 𝐴𝑙𝑜

𝑢
𝑤
𝑞
𝜃
ℎ

+ 𝐵𝑙𝑜
𝛿𝑒
𝛿𝑡

 𝑣
 𝑝
 𝑟
 𝜙
 𝜓

= 𝐴𝑙𝑎

𝑣
𝑝
𝑟
𝜙
𝜓

+ 𝐵𝑙𝑎
𝛿𝑎
𝛿𝑟 𝑤[𝑛]

𝑣(𝑡)

𝑦(𝑡)

𝑑(𝑡)

𝑢(𝑡)

𝑒(𝑡𝑘)

𝑦[𝑛]

𝑑(𝑡)
𝑣(𝑡)

𝑦(𝑡)𝑢(𝑡)

𝑤(𝑡)



𝜂𝑁 ≈ 40%









 𝜙
 𝜃
 𝜓

=

1 𝑇𝜃𝑆𝜙 𝑇𝜃𝐶𝜙
0 𝐶𝜙 −𝑆𝜙

0  
𝑆𝜙

𝐶𝜃
 

𝐶𝜙
𝐶𝜃

𝑝
𝑞
𝑟

 𝑥 =
𝐹𝑧
𝑚
(𝐶𝜓𝑆𝜃𝐶𝜙 + 𝑆𝜓𝑆𝜙)

 𝑦 =
𝐹𝑧
𝑚
(𝑆𝜓𝑆𝜃𝑆𝜙 + 𝐶𝜓𝑆𝜙)

 𝑧 =
𝐹𝑧
𝑚

𝐶𝜃𝐶𝜙 − 𝑔

 𝑝 = 𝑞𝑟
(𝐼𝑦𝑦 − 𝐼𝑧𝑧)

𝐼𝑥𝑥
+
𝑀𝑥

𝐼𝑥𝑥

 𝑞 = 𝑟𝑝
(𝐼𝑧𝑧 − 𝐼𝑥𝑥)

𝐼𝑦𝑦
+
𝑀𝑦

𝐼𝑦𝑦

 𝑟 = 𝑝𝑞
(𝐼𝑦𝑦 − 𝐼𝑥𝑥)

𝐼𝑧𝑧
+
𝑀𝑧

𝐼𝑧𝑧

𝑆𝑖 = sin 𝑖 , 𝐶𝑖 = cos 𝑖 𝑦 𝑇𝑖 = tan(𝑖)

 𝑑𝑡  𝑑𝑡

 𝑑𝑡 𝑑𝑡

𝐹𝑧

𝑀𝑥

𝑀𝑦

𝑀𝑧

(𝜙, 𝜃, 𝜓)

(𝑝, 𝑞, 𝑟)

(  𝑥,  𝑦,  𝑧)

(  𝑝,  𝑞,  𝑟)
(𝑝, 𝑞, 𝑟)

(𝜙, 𝜃, 𝜓)

(  𝜙,  𝜃,  𝜓)

(  𝑥,  𝑦,  𝑧) (𝑥, 𝑦, 𝑧)



 𝑝
 𝜙
 𝑣
 𝑦

=

0 0
1 0

0 0
0 0

0 −𝑔
0 0

0 0
1 0

𝑝
𝜙
𝑣
𝑦

+

 1 𝐼𝑥𝑥
0
0
0

𝑀𝑥

𝑆𝑖 = sin 𝑖 , 𝐶𝑖 = cos 𝑖 𝑦 𝑇𝑖 = tan(𝑖)

𝐹𝑧 = 𝑚𝑔 = 4𝐶𝑇Ω𝑖
2 Ω𝑖

 𝑟
 𝜓
=

0 0
1 0

𝑟
𝜓 +

 1 𝐼𝑧𝑧
0

𝑀𝑧

 𝑤
 𝑧
=

0 0
1 0

𝑤
𝑧

+  1 𝑚
0

𝐹𝑧

 𝑞
 𝜃
 𝑢
 𝑥

=

0 0
1 0

0 0
0 0

0 𝑔
0 0

0 0
1 0

𝑞
𝜃
𝑢
𝑥

+

 1 𝐼𝑦𝑦
0
0
0

𝑀𝑦



𝑃𝑊𝑀
Ω

Δ𝜙, Δ𝜃, Δ𝜓

𝑝𝑐, 𝑞𝑐

𝑟𝑐

𝑝, 𝑞, 𝑟𝜙𝑐 , 𝜃𝑐

𝜙, 𝜃

𝑧𝑐

𝑧

𝜙, 𝜃, 𝜓, 𝑝, 𝑞, 𝑟, 𝑧

𝜙𝑐 , 𝜃𝑐 , 𝑟𝑐 , 𝑧𝑐

𝑓 = 250𝐻𝑧 𝑓 = 500𝐻𝑧

𝑃𝑊𝑀 =

𝑃𝑊𝑀1

𝑃𝑊𝑀2

𝑃𝑊𝑀3

𝑃𝑊𝑀4

=

1 −1/2
1 −1/2

−1/2 −1
+1/2 1

1 +1/2
1 +1/2

+1/2 −1
−1/2 1

Ω
Δ𝜙
Δ𝜃
Δ𝜓

Δ𝜙 = 𝑃𝐼𝐷 𝑝𝑐 − 𝑝 , Δ𝜃 = 𝑃𝐼𝐷 𝑞𝑐 − 𝑞 , Δ𝜓 = 𝑃𝐼𝐷(𝑟𝑐 − 𝑟)

𝑝𝑐 = 𝑃𝐼𝐷 𝜙𝑐 − 𝜙 , 𝑞𝑐 = 𝑃𝐼𝐷 𝜃𝑐 − 𝜃

Ω = 𝑃𝐼𝐷 𝑧𝑐 − 𝑧 + 𝑃𝑊𝑀𝑒



(𝑥, 𝑦, 𝑧, 𝑢, 𝑣, 𝑤, 𝜙, 𝜃, 𝜓, 𝑝, 𝑞, 𝑟)

𝑧𝑐
(𝜙𝑐 , 𝜃𝑐 , 𝑟𝑐)



𝑧𝑐 =

𝑧𝑐 =

𝑧𝑐 =

𝑧𝑐 =

𝑧𝑐 =

𝑧𝑐 =

𝑟𝑐 =𝑟𝑐 =𝑟𝑐 =

𝜙𝑐 =

𝜃𝑐 =

𝜙 =𝜙𝑐 =𝜙𝑐 =𝜙𝑐 =𝜙𝑐 =𝜙𝑐 =

𝜃𝑐 =𝜃𝑐 =𝜃𝑐 =𝜃𝑐 =𝜃𝑐 =𝜃𝑐 =

𝑧𝑐 =

𝑃𝑊𝑀

Ω

Δ𝜙, Δ𝜃, Δ𝜓

𝜙𝑐 , 𝜃𝑐 , 𝑟𝑐

𝜙, 𝜃, 𝑝, 𝑞, 𝑟

𝑧

𝑧𝑐

𝑃𝑊𝑀

Ω

Δ𝜙, Δ𝜃, Δ𝜓

𝜙𝑐, 𝜃𝑐, 𝑟𝑐

𝜙, 𝜃, 𝑝, 𝑞, 𝑟

𝑧

𝑧𝑐



𝑧𝑐 =

𝑧𝑐 = 2

𝑧𝑐 =

𝑧𝑐 = 2
𝑃𝑊𝑀

Ω

Δ𝜙, Δ𝜃, Δ𝜓

𝜙𝑐 , 𝜃𝑐 , 𝑟𝑐

𝜙, 𝜃, 𝑝, 𝑞, 𝑟

𝑧

𝑧𝑐

𝑃𝑊𝑀

Ω

Δ𝜙, Δ𝜃, Δ𝜓

𝜙𝑐 , 𝜃𝑐 , 𝑟𝑐

𝜙, 𝜃, 𝑝, 𝑞, 𝑟

𝑧

𝑧𝑐



(𝑥, 𝑦, 𝑧, 𝑢, 𝑣, 𝑤, 𝜙, 𝜃, 𝜓, 𝑝, 𝑞, 𝑟)

𝑃𝑊𝑀

Ω

Δ𝜙, Δ𝜃, Δ𝜓

𝜙𝑐 , 𝜃𝑐 , 𝑟𝑐

𝜙, 𝜃, 𝑝, 𝑞, 𝑟

𝑧

𝑧𝑐















•

•

•

•

•

•

•

•


