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String

• orientation of optical module
• measured by AHRS or LSM device

• yaw, pitch and roll

• related through string mechanics
• tilt
• twist
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twist ≡ ∡
𝑧𝑧

tilt ≡ ∡



Data

• Download AHRS data from database table “ahrs”
• organise data per string

• select data within predefined period (10 mins)

• Convert AHRS data to (yaw, pitch, roll)
• apply AHRS calibration data from database table “ahrscalib”

• Convert (yaw, pitch, roll) to quaternion
• implies definitions of signs¶

3¶ The following procedures can work but may yield wrong values.



Model

• Orientation of floor 𝑖𝑖 at height 𝑧𝑧𝑖𝑖 is defined as 

• 𝑄𝑄𝑖𝑖 = 𝑄𝑄0𝑄𝑄1
𝑧𝑧𝑖𝑖

• 𝑄𝑄0 ⇒ tilt of the string

• 𝑄𝑄1 ⇒ twist of string
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Fit

• Metric
• geodesic distance between two quaternions

• Resolution (for 𝜒𝜒2 evaluation)
• 𝜎𝜎 ≡ 1°

• Minimiser
• JSimplex works out-of-the-box

• step corresponds to multiplication Q ± Δ𝑄𝑄 ⇒ 𝑄𝑄 ∆𝑄𝑄±1

• scaling corresponds to power Q × 𝑦𝑦 ⇒ 𝑄𝑄𝑦𝑦
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Tilt
(detector 49 / runs 8000-8100)
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7∆𝜃𝜃 ° →



8∆𝜃𝜃 ° →



9∆𝜃𝜃 ° →



10∆𝜃𝜃 ° →



11∆𝜃𝜃 ° →



12∆𝜃𝜃 ° →



Twist
(detector 49 / runs 8000-8100)
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14∆𝜃𝜃 ° →



15∆𝜃𝜃 ° →



16∆𝜃𝜃 ° →



17∆𝜃𝜃 ° →



18∆𝜃𝜃 ° →



19∆𝜃𝜃 ° →



Calibration

• Determine residuals

• residual = quaternion = average between measured and fitted quaternions

• Store residuals in ASCII file

• Load residuals from ASCII file

• Re-run
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Tilt
(after calibration)
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22∆𝜃𝜃 ° →



23∆𝜃𝜃 ° →



24∆𝜃𝜃 ° →



25∆𝜃𝜃 ° →



26∆𝜃𝜃 ° →



27∆𝜃𝜃 ° →



Twist
(after calibration)
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29∆𝜃𝜃 ° →



30∆𝜃𝜃 ° →



31∆𝜃𝜃 ° →



32∆𝜃𝜃 ° →



33∆𝜃𝜃 ° →



34∆𝜃𝜃 ° →



Conclusions & Outlook

• Fitting of AHRS data using quaternions works

• allows for calibration of “offsets”

• allows for determination of resolutions

• Definitions of signs of (yaw, pitch, roll) to be checked

• Selection of data to be defined and implemented
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