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Application of least squares
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 Plate check calibration
 Acoustic observations: 

echo sounder 
 “Mechanical” 

observations: graduated 
rope/chain

 Check observations: 
sounding lead

 Repeat at set intervals 
(e.g., 0.5 m or 1 m)



(Counter) intuitive functional model

 Indirect/parametric functional model:
ℓ = 𝑓𝑓 𝑥𝑥, 𝑐𝑐

 Functional model:
𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑆𝑆 � 𝑑𝑑𝑒𝑒𝑒𝑒𝑒𝑒𝑒 + 𝑇𝑇

where 
— T is a vertical offset (or draft) and 
— S is effectively the scale factor for the speed of sound in water

𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑆𝑆 � 𝑑𝑑𝑒𝑒𝑟𝑟𝑟𝑟 + 𝑇𝑇
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Geometric representation

𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚𝑚/𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑆𝑆 � 𝑑𝑑𝑒𝑒𝑒𝑒𝑒𝑒𝑒/𝑒𝑒𝑟𝑟𝑟𝑟 + 𝑇𝑇

𝑦𝑦 = 𝑚𝑚 � 𝑥𝑥 + 𝑏𝑏
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Disc golf to the rescue
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basket

tee pad

disc



Drive, upshot, putt
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Objective

June 17, 2025 SaGES @ BCIT 7



Scoring
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Disc golf ratings

 The Professional Disc Golf Association (PDGA) 
sanctions leagues and tournaments

 PDGA provides players with round ratings  

 It is the custodian of registered players’ cumulative 
ratings
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Issues with disc golf
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 Incomplete or incorrect 
signage / app display

 Misleading topology
 Lack of topographic 

information 
 Grossly incorrect 

distances to target 
 Scoring app monopoly
 Ratings algorithm is a 

black box



Cracking the code?

 Use a parametric least squares adjustment where
— Round scores (or pars) are treated as constants
— Prior ratings of propagator players are the observations
— The unknown parameters are the slope and intercept of 

the best fit line through the data 

(𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟) = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 � 𝑝𝑝𝑝𝑝𝑝𝑝 + 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
where 

— Intercept is the rating for scoring even
— Slope is effectively the number of rating points for each 

throw
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Geometric representation 
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(𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟) = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 � (𝑝𝑝𝑎𝑎𝑎𝑎) + 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

𝑦𝑦 = 𝑚𝑚 � 𝑥𝑥 + 𝑏𝑏
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Summary

 Least squares is hard but can be fun
 Functional models should ideally be rigorous and 

must be applied correctly
 Having physical meaning behind the parameters 

helps
 Plots / graphs showing the geometric representation 

can be useful visual aids
 Estimating disc golf ratings can be an introductory 

example for a linear least squares adjustment  
 More least squares in 2027… 
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Time for questions

?
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Geometric representation 
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(𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟) = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 � (𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) + 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

𝑦𝑦 = 𝑚𝑚 � 𝑥𝑥 + 𝑏𝑏
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