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Research Overview
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𝑥! , 𝑦!

Transverse Sapce

𝑥!,	$%&' , 𝑦!,	$%&' = 𝑥! + ∆𝑥, 𝑦! + ∆𝑦 + 𝛿%$$($

Transverse space after coordinate calibration
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Perspective Transformation



x-coordinate mapping on grid plate
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∆$%&$𝑥(𝑦) = 𝑠𝑝𝑙𝑖𝑛𝑒*(𝑦)

∆+$(,-𝑥(𝑦) = 𝑠𝑝𝑙𝑖𝑛𝑒.(𝑦)

Scan vertically at x = -70, 0, 70 mm each 5 times
Deviated horizontally, occurring Δx 

Front grid plate

Rear grid plate

𝑥$%&' = 𝑥 + ∆𝑥(𝑦)



x-coordinate mapping between grids
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∆𝑥 𝑦, 𝐷 = ∆𝑥+$(,- +
𝐷 − 𝐷+$(,-

𝐷$%&$ − 𝐷+$(,-
(∆𝑥$%&$ − ∆𝑥+$(,-)

𝑏	(𝑐𝑎𝑚𝑒𝑟𝑎 − 𝑟𝑒𝑎𝑟)
𝑎	(𝑐𝑎𝑚𝑒𝑟𝑎 − 𝑓𝑟𝑜𝑛𝑡)

=
∆$%&$𝑥
∆+$(,-𝑥

= 2.61 ± 0.14

Front grid plate

Rear grid plate
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∆𝑥 = 𝐷 B 𝜙/(𝑦 − 𝑦0)

D

Linear interpolation



x-coordinate mapping
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y-coordinate mapping on grid plate
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Scan horizontally at y = -45, 0, 70 mm each 5 times
Deviated vertically, occurring Δy 

∆$%&$𝑦 𝑥 = 𝑠𝑝𝑙𝑖𝑛𝑒* 𝑥

∆+$(,-𝑦(𝑥) = 𝑠𝑝𝑙𝑖𝑛𝑒.(𝑥)

Front grid plate

Rear grid plate

𝑦$%&' = 𝑦 + ∆𝑦(𝑥)



y-coordinate mapping
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Systematic uncertainties
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x-coordinates y-coordinates

Error Type Amount (mm)

Image Processing ±0.00313

Measurement repeatability ±0.01948

Twist ratio ±0.02752

Spline fit RMSE ±0.01277

Error Type Amount (mm)

Image Processing ±0.00414

Measurement repeatability ±0.013034

Grid plate difference ±0.026390

Spline fit RMSE ±0.009934

Total Error: ± 0.0361 mm 

𝑥 = 𝑥 + ∆𝑥 𝑦, 𝐷 + 𝜹𝒆𝒓𝒓𝒐𝒓,𝒙 𝑦 = 𝑦 + ∆𝑦 𝑥 + 𝜹𝒆𝒓𝒓𝒐𝒓,𝒚

Total Error: ± 0.0313 mm 



Coordinate Calibration Equation
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𝑥$%&' = 𝑥 + ∆𝑥 𝑦, 𝐷 + 𝛿%$$($,6

= 𝑥 + ∆𝑥+$(,- +
𝐷 − 𝐷+$(,-

𝐷$%&$ − 𝐷+$(,-
∆𝑥$%&$ − ∆𝑥+$(,- + 𝛿%$$($,6

= 𝑥 + 𝑠 𝑦 +
𝐷 − 𝐷+$(,-

𝐷$%&$ − 𝐷+$(,-
𝑡𝑤𝑖𝑠𝑡_𝑟𝑎𝑡𝑖𝑜 B 𝑠 𝑦 − 𝑠 𝑦 + 𝛿%$$($,6

𝑦$%&' = 𝑦 + ∆𝑦 𝑥 = 𝑦 + 𝑠 𝑥 + 𝛿%$$($,7
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