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Helmholtz reciprocity?
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Light source problem
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Rd, +b data comparison

Rd +b
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Aperture reading problem I 



Aperture reading problem II



Colorimetric Calculations 

Images in RGB space can be converted into the CIE L*a*b* space with the 
help of the following conversion equations: 

L*= 116	[	& '
'( 		− 		16]	

a*= 500[		& -
-( 	− & '

'( ] ard = 1.75fy(1.02x-Y)

b*= 200[		& '
'( 	− & /

/( ] brd  = .70fy(Y-.847Z)

(Xn, Yn, Zn) are the (X, Y, Z) values for the reference white point.

C	= a% + b%
H	=	)*+,-(/0)
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Figure 80.   (L < Lth) AND (C > Cth). 

 

 
Figure 81.   (L < Lth) OR (C > Cth). 

 
Images in RGB space can be converted into the CIE L*a*b* space with the help of the 

following conversion equations  

   (27) 

  (28) 

  (29) 

where  if t > 0.008 856, else  

(Xn, Yn, Zn) are the (X, Y, Z) values for the reference white point.  
 

Matlab Image Processing Toolbox transforms color images in RGB space into CIE 

L*a*b* space using a CIE illuminant D50 white point as default (98). 

The transformation from RGB space to CIE L*a*b* space requires an intermediate step 

in which R, G and B variables are corresponding of the red, green and blue values of the color 

image in RGB space respectively: 

(30) 
 

(31) 
 

(32) 
 
 
 
 
 

( ) 16/116* -= nYYfL

( ) ( )[ ]nn YYfXXfa //500* -=

( ) ( )[ ]nn ZZfYYfb //200* -=

( ) 3/1ttf = ( ) 116/16787.7 += ttf

BGRX 180423.0357580.0412453.0 ++=

BGRY 072169.0715160.0212671.0 ++=

BGRZ 950227.0119193.0019334.0 ++=



Threshold problem - L*
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                                                                                              (24)
 

Thresholding operation where T is the threshold, I is the image pixel value at i,j coordinates 

result in binary image B at the same pixel location. When the figures of color channels are 

examined it can be concluded that some color channels reveal irregular regions and cotton 

samples separately which reveals that these are candidates of segmentation by using thresholding 

method (93). All the color channels are separately threshold for comparison and examination. 

Two threshold values are determined by calculating the standard deviation (σ) and the mean of 

the images (µ) in that channel and  µ+2σ and µ-2σ are the thresholds (94). Every pixel is 

compared with corresponding criteria which are greater than µ+2σ and less than µ-2σ. The figure 

shows one of the sample and detected pixels which satisfies the corresponding criteria. 

 

                                                                                  

 

 

 

 

 

 

                                                                                     Figure 66 . LCHL   (L > Lth) 
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Figure 64. Sample image. 

 
               Figure 65.  LCHL (L < Lth). 
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Threshold problem - C*and h°
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Figure 67. LCHC (C < Cth). 

 
                 Figure 68. LCHC (C > Cth). 

 
Figure 69. LCHH (H < Hth). 

 
                Figure 70. LCHC (H > Hth). 

 
Figure 71. LabL (L < Lth). 

 
                  Figure 72. LabL (L > Lth). 
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Figure 67. LCHC (C < Cth). 
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Figure 69. LCHH (H < Hth). 

 
                Figure 70. LCHC (H > Hth). 

 
Figure 71. LabL (L < Lth). 

 
                  Figure 72. LabL (L > Lth). 
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Combined Threshold:“AND” or “OR”? 
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5.5 Logical “AND” or “OR”? 

 

 
Figure 78. Sample image. 

In the image blue regions are obtained using the C>T2 criteria and red regions are L<T1. 

The black regions are the intersection regions which means when the AND operator is used these 

regions will be detected only. Following images also show these applied logical AND and OR 

operators (10).  

 

 
Figure 79. (L < Lth) (C > Cth). 

The identification of the trash particles is very complicated and in our future work we 

suggest to measure the color values of the trash particles and also the nature of the trash particles 

which can be present in the cotton surface. This process enhances the possibility to measure the 

color more precisely. 

Sample image 
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Figure 79. (L < Lth) (C > Cth). 

The identification of the trash particles is very complicated and in our future work we 

suggest to measure the color values of the trash particles and also the nature of the trash particles 

which can be present in the cotton surface. This process enhances the possibility to measure the 

color more precisely. 

Two independent thresholds: (L < Lth) (C > Cth)

(L < Lth) AND (C > Cth) L < Lth) OR (C > Cth) 
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Figure 80.   (L < Lth) AND (C > Cth). 

 

 
Figure 81.   (L < Lth) OR (C > Cth). 

 
Images in RGB space can be converted into the CIE L*a*b* space with the help of the 
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Block Scheme for Trash Segmentation 
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Relative histogram of L*a*b*

L* = 74.93
a*= 0.97
b* = 7.48

L* = 75.42
a*= 0.93
b* = 7.45

L* = 56.02
a*= 2.80
b* = 8.66

Difference between non-segmented reading 
and segmented reading is related to ration 
of threshold particles in evaluated sample.



Visual assesment vs segmentation
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Figure 83. Comparison of Rd values between visual assessment and segmented parts. 

 

Figure 84.Comparison of +b values between visual assessment and segmented parts. 

Table 33. Regression values for Rd and +b values. 

 Slope Intercept Correlation Co-efficient 
Rd 1.02 1.36 0.98 
+b 0.95 0.43 0.98 
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Figure 84.Comparison of +b values between visual assessment and segmented parts. 
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Conclusion
❖ Full spectrum LEDs are suitable for measurement and 

assessment of cotton samples if CCT is near 6500 K.

❖ Due to problem with Helmholtz reciprocity of cotton 
samples is preferable 45°:0° viewing geometry.

❖ Multiple reading with rotation reduce noise and 
resulting uncertainty.

❖ Segmentation method can be effectively used to 
determine the color variation in a cotton sample. 


