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Summary (English)

The goal of this thesis is to investigate, how an industrial machine vision solution

can be improved using spectral analysis - especially the UV spectrum. It is a

case study taken from Glostrup Dosispak, but the �ndings can be generalized

as they are independent of the existing image processing implementation. The

results thus only re�ects the explanatory power of the tablets spectral response.

A method is proposed for classifying that involves a variation of SVM, a voting

system and histograms for evaluating observed to expected responses.



ii



Summary (Danish)

Målet for denne afhandling er at undersøge hvordan en eksisterende, industriel

machine vision løsning kan forbedres ved hjælp af spektralanalyse. Der tages

udgangspunkt i et case fra Glostrup Dosispak, men fundene kan generaliseres,

idet de er afkoblet den eksisterende image processing implementation. Det for-

søges altså at afklare hvor meget forklaringsevne tabletters spektrale respons

besidder.
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Preface

This thesis was prepared at the department of Informatics and Mathematical

Modelling at the Technical University of Denmark in ful�lment of the require-

ments for acquiring an B.Sc. in Mathematics.

The thesis project, entitled Pharmaceutical Tablet Inspection, was carried out

in the period of 3rd of October 2011 to 27th of February 2012 and corresponds

to 15 ETCS points. This thesis was supervised by Associate Professor Jens

Michael Carstensen at IMM, DTU.

Lyngby, 27-January-2012

Emil Sauer Lynge
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4.2.1.1 Performance 

4.2.1.2 Independency of test data 

4.2.1.3 Hold out cross validation 



4.2.1.4 k-fold cross validation 

4.2.2 Parameter tuning 

 

- 

- 



4.3.1 Linear SVM 



𝑎 𝑥 + 𝑎 𝑥 + 𝑎 𝑥 + ⋯+ 𝑎 𝑥 = 0

∑𝑤 ∙ 𝑥 = 𝑏     ⇔    

 

𝒘 ∙ 𝒙 = 𝑏

𝒘 ∙ 𝒙 − 1 = 𝑏 𝒘 ∙ 𝒙 + 1 = 𝑏

𝒘 ∙ 𝒙 − 1 ≥ 𝑏    𝑓𝑜𝑟 𝑥 

𝒘 ∙ 𝒙 + 1 ≥ 𝑏    𝑓𝑜𝑟

𝑦 (𝒘 ∙ 𝒙 − 𝑏) ≥ 1    ∀  
{

𝑦 = 1    𝑓𝑜𝑟 𝑦   𝑖𝑛  𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐𝑙𝑎𝑠𝑠 
𝑦 = −1    𝑓𝑜𝑟 𝑦   𝑖𝑛  𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑙𝑎𝑠𝑠

min
𝒘

‖𝒘‖ 

𝒘 = ∑𝜆 𝑦 𝒙 

 

   



𝑠𝑖𝑔𝑛𝑢𝑚(𝒘 ∙ 𝒛 − 𝒃)

𝜆

𝑥 

𝑠𝑖𝑔𝑛𝑢𝑚(𝑏 + ∑𝜆 𝑦 𝒙 

 

   

∙ 𝒛)

4.3.2 Non-separable data 

min
𝒘

‖𝒘‖ + 𝐶 ∙ ∑𝜉 

 

4.3.3 Nonlinear transformation 

*𝑥 , 𝑥 +

ℝ → ℝ     𝛷(𝑥 , 𝑥 ) → *𝑥 , 𝑥 
 , 𝑥 , 𝑥 

 +

*𝑦 , 𝑦 , 𝑦 ,𝑦 +

𝑎𝑦 + 𝑏𝑦 + 𝑐𝑦 + 𝑑  + 𝑒

𝑎𝑥 + 𝑏𝑥 
 + 𝑐𝑥 + 𝑑𝑥 

 + 𝑒



𝑠𝑖𝑔𝑛𝑢𝑚(𝑏 + ∑𝜆 𝑦 Φ(𝒙 )

 

   

∙ Φ(𝒙))

4.3.4 Kernel trick 

(

  
 

√2𝑥 

𝑥 
 

√2𝑥 

𝑥 
 

1 )

  
 

°

(

  
 

√2𝑦 

𝑦 
 

√2𝑦 

𝑦 
 

1 )

  
 

𝑥 
 𝑦 

 + 𝑥 
 𝑦 

 + 2𝑥 𝑦 + 2𝑥 𝑦 + 1 = (𝒙 ∙ 𝒚 + 1) 

𝐾(𝒖, 𝒗) = Φ(𝒖) ∙ Φ(𝒗) = (𝒖 ∙ 𝒗 + 1) 

𝑠𝑖𝑔𝑛𝑢𝑚(𝑏 + ∑𝜆 𝑦 Φ(𝒙 )

 

   

∙ Φ(𝒛))

𝑠𝑖𝑔𝑛𝑢𝑚(𝑏 + ∑𝜆 𝑦 ∙ 𝐾(𝒙 , 𝒛)

 

   

)

𝐾(𝒖, 𝒗) = 𝑒
‖𝒖 𝒗‖ 

  

4.3.5 Separable Case Approximation 

1
 Page 273 eq. 5.6 [3] 



1

𝑦 (𝑏 + ∑ 𝜆 𝑦 ∙ 𝐾(𝒙 , 𝒛 )
 
   ) > 0

𝑦 (𝑏 + ∑ 𝜆 𝑦 ∙ 𝐾(𝒙 , 𝒛 )
 
   ) ≥ 𝑑

4.3.6 Calculating multiple SVM 



 

 

 

 

 

 

 

 



 

 

 

𝑟 =  
𝑇𝑃

𝑇𝑃 + 𝐹𝑃

𝑝 =  
𝑇𝑃

𝑇𝑃 + 𝐹𝑁

𝐵 𝐴 

𝐴 

𝑃(𝐴 |𝐵 ) =
𝐴 ∩ 𝐵 

𝐴 ∩ 𝐵 + 𝐴 ∩ 𝐵 
=

𝑃(𝐵 |𝐴 )𝑃(𝐴 )

𝑃(𝐵 |𝐴 )𝑃(𝐴 ) + 𝑃(𝐵 |𝐴 )𝑃(𝐴 )

𝐴 ∩ 𝐵 = 𝑃(𝐵 |𝐴 )𝑃(𝐴 )

𝐴 𝐵 

2
 Data mining p? 

3
 probability 



𝐹 

𝐹 =
𝑝𝑟

𝛽 𝑝 + 𝑟
(1 + 𝛽)

 𝐹 

𝐹 𝑝 = 0.95 𝑟 = 0.5

𝛽 ≈ 0.44

5.3.1 Parameter tuning 

𝛽

- 𝜎

- 

4
 Data mining 



- 

 

 

5.5.1 Voting system 
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208230 B1‐vitamin tablet Hvid rund 115  B1‐vitamin

208229 B‐combin tablet Gul rund 395  B‐combin

101378 Cardopax Ret dep 40 mg Hvid 169  Cardopax

147934 Cardopax tablet 5 mg Hvid mrk. 5 55  Cardopax

077670 Cetirizin 10 mg oval hvid mrk C, J, E med delekærv 288  Cetirizin

101825 Creon 10.000 enterokapsel Brun/klar kapsel 201  Creon

210036 C‐vitamin tab 500 mg Oval hvid med delekærv 350  C‐vitamin

208170 C‐vitamin tab 75 mg Rund hvid 270  C‐vitamin

211709 D‐vitamin 25 mikg tab Rund hvid 324  D‐vitamin

210936 D‐vitamin 35 mikg Rund hvid 173  D‐vitamin

210907 D‐vitamin Tabl. 10 mikg rund hvid 9  D‐vitamin

133092 Ferro Dur 100 mg Depot Rund lysegul mrk. ADD 39  Ferro

208224 Folinsyre tabl. 0,4 mg Rund gul 185  Folinsyre

076736 Glucosamin tabl. 400 mg Aflang 359  Glucosamin

142323 Haiprex tablet 1 g Hvid mrk. H X  3 M 391  Haiprex

024503 Hjertemagnyl  150 mg Aflang hvid med delekærv 397  Hjertemagnyl

024618 Hjertemagnyl  75 mg hjerteformet hvid 45  Hjertemagnyl

036459 Imodium tablet 2 mg Hvid mrk. L2 152  Imodium

470708 Ipren tablet 200 mg Hvid 163  Ipren

003995 Isodur 60 mg depottablet Aflang lysegul med delekærv mrk. A D 254  Isodur

004017 Isodur depottab 30 mg Aflang lyserød m. delekærv mrk. A‐II 161  Isodur

796821 Jern C tablet Grålig 56  Jern

037853 Kaleorid depot 750 mg Aflang hvid 388  Kaleorid

491787 Kinin tablet 100 mg Hvid 367  Kinin

510586 Kodimagnyl i.s. tablet Aflang hvid med delekærv 0  Kodimagnyl

061687 Kurazid 150 mg Rund gul med delekærv 111  Kurazid

206269 Longo Vital Classic Brun tablet 50  Longo

235226 Mablet tablet Aflang hvid 298  Mablet

004676 Magnesia tablet 500 mg Rund hvid 150  Magnesia

519371 Magnyl 100 mg entero Rund hvid 314  Magnyl

212093 Multi‐tabs 50+ Oval gul 368  Multi‐tabs

211833 Multivitamin tablet Rund gul 53  Multivitamin

249243 Natriumklorid enterot Gullig tablet 165  Natriumklorid

083644 Panodil tabl. 500 mg Hvid mrk. Panodil 246  Panodil

383745 Paraghurt tablet Rund hvid 336  Paraghurt

502336 Perilax entero 5 mg Rød 135  Perilax

166611 Phenergan tablet 25 mg Rund blå mrk. PN 25 219  Phenergan

056250 Pinex 500 mg tablet Hvid mrk. PINEX 500 AL 197  Pinex

207660 Unikalk Forte tablet aflang hvid 293  Unikalk

203387 Unikalk Plus tablet Aflang hvid mrk. Unikalk 358  Unikalk

207898 Unikalk Silver tablet Aflang hvid 351  Unikalk

759647 Vitabutin Tranebær kap Rød stor kapsel 245  Vitabutin

236935 Zinklet tablet Rund hvid 180  Zinklet
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