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• APS data every 10’ (average)     → LOCATION o𝐟 𝐚𝐜𝐨𝐮𝐬𝐭𝐢𝐜 𝐫𝐞𝐜𝐞𝐢𝐯𝐞𝐫𝐬 𝒙, 𝒚, 𝒛

• AHRS data every 10’ (average)  → ORIENTATION 𝒀𝑨𝑾, 𝑷𝑰𝑻𝑪𝑯, 𝑹𝑶𝑳𝑳

INPUTS FOR DU LINE FIT

OUTPUTS FOR DU LINE FIT

• LOCATION of DOMs 𝒙, 𝒚, 𝒛

• CORRECTED ORIENTATION 𝒀𝑨𝑾, 𝑷𝑰𝑻𝑪𝑯, 𝑹𝑶𝑳𝑳

DU Line Fit necessary:

· If some sensor presents failures

· If some data is missing (fail detection)

DU Line Fit reconstructs the shape of the DU

using a Mechanical Model using an effective

value of sea current (𝑣 and ω) and the inputs

APS and AHRS data and some mechanical

properties of the items in the DU.

Mechanical Model 

• 𝒗
• 𝝎
• 𝒎𝒆𝒄𝒉. 𝒑𝒓𝒐𝒑.
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𝒊: AB
𝒋: DOM
𝒌: DU

MM

AHRS



𝑚 = ෍
𝑖=1

18

𝑓𝐷𝑂𝑀 + 𝑓𝑐𝑎𝑏𝑙𝑒𝑖
+ 𝑓𝑙𝑜𝑛𝑔 𝑠𝑡𝑟𝑖𝑛𝑔 + 𝑓𝑡𝑜𝑝 𝑏𝑢𝑜𝑦

𝑛 = ෍
𝑖=1

18 1

ℎ
𝑓𝐷𝑂𝑀 + 𝑓𝑐𝑎𝑏𝑙𝑒𝑖

+
1

ℎ
𝑓𝑙𝑜𝑛𝑔 𝑠𝑡𝑟𝑖𝑛𝑔 +

1

ℎ
𝑓𝑡𝑜𝑝 𝑏𝑢𝑜𝑦

𝑝 = ෍
𝑖=1

18

𝑊𝐷𝑂𝑀 + 𝑊𝑐𝑎𝑏𝑙𝑒𝑖
+ 𝑊𝑙𝑜𝑛𝑔 𝑠𝑡𝑟𝑖𝑛𝑔 + 𝑊𝑡𝑜𝑝 𝑏𝑢𝑜𝑦

𝑞 = ෍
𝑖=1

18 1

ℎ
𝑊𝐷𝑂𝑀 + 𝑊𝑐𝑎𝑏𝑙𝑒𝑖

+
1

ℎ
𝑊𝑙𝑜𝑛𝑔 𝑠𝑡𝑟𝑖𝑛𝑔 +

1

ℎ
𝑊𝑡𝑜𝑝 𝑏𝑢𝑜𝑦

𝑊 𝑧 = ෍

𝑖=1

18

𝑊𝐷𝑂𝑀 + 𝑊𝑐𝑎𝑏𝑙𝑒𝑖
+ 𝑊𝑙𝑜𝑛𝑔 𝑠𝑡𝑟𝑖𝑛𝑔

ℎ − 𝑧

𝑧
+ 𝑊𝑡𝑜𝑝 𝑏𝑢𝑜𝑦
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𝑊𝑗

𝐹𝑗

α

𝑧𝑗

𝐷𝑂𝑀𝑗−1

𝐷𝑂𝑀𝑗

𝑟𝑗
′

𝑟𝑧𝑗

𝑟𝑚𝑎𝑥 Top Buoyh

𝑇𝑗

𝐹 𝑧 = 𝑓 𝑧 𝑣2 = ෍

𝑖=1

18

𝑓𝐷𝑂𝑀 + 𝑓𝑐𝑎𝑏𝑙𝑒𝑖
+ 𝑓𝑙𝑜𝑛𝑔 𝑠𝑡𝑟𝑖𝑛𝑔

ℎ − 𝑧

𝑧
+ 𝑓𝑡𝑜𝑝 𝑏𝑢𝑜𝑦 𝑣2

tan α =
𝐹 𝑧

𝑊 𝑧
= 𝑔 𝑧

𝑟 𝑧 = න

0

𝑧

𝑔 𝑧 𝑑𝑧 =
𝑛

𝑞
𝑧 −

𝑚𝑞 − 𝑛𝑞

𝑞2
ln 1 −

𝑞

𝑝
𝑧 𝑣2

𝑴𝑴𝒄𝒐𝒏𝒔𝒕 𝒛
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Detector Property
Elements

DOM Long string Top Buoy

ARCA
𝑓 [𝑁𝑠2/𝑚2] 52.86 659.10 482.66

𝑊 [𝑁] 125.57 0 1030.05

ORCA
𝑓 [𝑁𝑠2/𝑚2] 52.86 283.92 482.66

𝑊 [𝑁] 125.57 0 1226.25
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• What do we expect?

Improve the position in reconstruction of

DUs taking into account the uncertainty

and inconsistencies of measures and

analysis.

• How to obtain 𝒗 and 𝝎 from the acoustic

data?

𝑟 𝑧 = 𝑀𝑀𝑐𝑜𝑛𝑠𝑡 𝑧 · 𝑣2 → 𝒗 =
𝑟𝑗 𝑧

𝑀𝑀𝑐𝑜𝑛𝑠𝑡 𝑧

𝝎 = 𝑎𝑡𝑎𝑛2(𝑑𝑖𝑓𝑓𝑦, 𝑑𝑖𝑓𝑓𝑥)

𝑟 𝑧 = න

0

𝑧

𝑔 𝑧 𝑑𝑧 =
𝑛

𝑞
𝑧 −

𝑚𝑞 − 𝑛𝑞

𝑞2
ln 1 −

𝑞

𝑝
𝑧 𝑣2

𝑴𝑴𝒄𝒐𝒏𝒔𝒕 𝒛

𝑑𝑖𝑓𝑓 : Difference from pos. reference



PROBLEM: 

The process analyzed for AHRS data is more sensitive to YAW, PITCH and ROLL

values, so they needs a filter to take only the good AHRS data
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𝑡𝑎𝑛 𝛼 =

𝑢𝑥
2 + 𝑢𝑦

2

𝑢𝑧

𝑡𝑎𝑛 𝛼 =
𝐹𝑗

𝑊𝑗
=

𝑓𝑗 · 𝑣2

𝑊𝑗
→ 𝑣 =

𝑡𝑎𝑛 𝛼 · 𝑊𝑗

𝑓𝑗

𝑐𝑜𝑠 ω =
𝑢𝑥

𝑢𝑥
2 + 𝑢𝑦

2

→ ω

SOLUTION:

In principle, it’s more easy discard wrong data in AHRS

because the difference between DOMs are not big
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• LOCATION o𝐟 𝐚𝐜𝐨𝐮𝐬𝐭𝐢𝐜 𝐫𝐞𝐜𝐞𝐢𝐯𝐞𝐫𝐬 𝒙, 𝒚, 𝒛

• ORIENTATION 𝒀𝑨𝑾, 𝑷𝑰𝑻𝑪𝑯, 𝑹𝑶𝑳𝑳

INPUTS FOR DU LINE FIT

OUTPUTS FOR DU LINE FIT

• LOCATION of DOMs 𝒙, 𝒚, 𝒛

• CORRECTED ORIENTATION 𝒀𝑨𝑾, 𝑷𝑰𝑻𝑪𝑯, 𝑹𝑶𝑳𝑳

Mechanical Model 

ANALYSING APS data:

• 𝒓 for every DOM
• 𝒗𝒂𝒑𝒔 for every DU

• 𝝎𝒂𝒑𝒔 for every DOM

ANALYSING AHRS data:

• 𝒗𝒂𝒉𝒓𝒔 for every DOM

• 𝝎𝒂𝒉𝒓𝒔 for every DOM

RECONSTRUCTION v0:

• Bezier’s curve for APS data
• 𝑆𝑝𝑙𝑖𝑛𝑒 𝑓𝑜𝑟 𝐴𝐻𝑅𝑆 𝑑𝑎𝑡𝑎

RECONSTRUCTION v1:

• MM for APS data  → needs 𝒗, 𝝎 and 𝐷𝑈𝑏𝑎𝑠𝑒 location
• 𝑆𝑝𝑙𝑖𝑛𝑒 𝑓𝑜𝑟 𝐴𝐻𝑅𝑆 𝑑𝑎𝑡𝑎
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ARCA: critical period    
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ARCA: critical period    Reconstruction v0 Reconstruction v1
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