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Abstract  

This paper describes the methodologies for designing of color vision tests specifically for particular NDE. The 

color vision test use actual RGB color values of discontinuity indication color and the color of background 

surrounding the discontinuity indication to replicate the same color shades in devising the color contrast 

differentiation test. This paper explain the calculation of brightness contrast ratio and its effect on recognition of 

contrast.  Paper includes examples of color vision test for NDE which involve different colors to generate 

discontinuity indications of specific color shades either by using materials of different colors or by using 

different colors on equipment or monitor display screens. These tests examine the color contrast differentiation 

specific to particular NDE methods, techniques, materials and equipment irrespectively the color deficiency of 

the personnel. Such tests an employer can make for each particular NDE to examine the color contrast 

differentiation examination of NDE personnel. 
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1.  Introduction 
 

Interpretation of indication in many Non Destructive Examinations (NDE) depends up on the 

recognition of contrast created by various shades of colors. Liquid Penetrant Testing (LPT) 

and Magnetic Particle testing (MPT) generates discontinuity indications of certain color 

shades depending up on the colors of materials used to conduct the examination. Phased 

Array Ultrasonic Testing (PAUT) uses different colors on equipment or monitor display 

screens to differentiate the intensity of signals. Apart from examples mentioned above there 

are many other NDE methods and techniques which use different color shades for the 

interpretation and evaluation of examination results. Therefore person who perform, witness, 

monitor or evaluate any NDE which involve differentiation and distinguishing of colors (or 

color shades) required to be examined for color contrast differentiation test. Ishihara and other 

tests are commonly used to identify the type and severity of color deficiency are common in 

use. In this paper methodology for making color vision tests specific to a particular NDE to 

examine the color contrast differentiation. Here particular NDE means a NDE which involve 

a set of specific color shades related to only one specific method or technique that uses certain 

coloured materials or an equipment. 

 

2.  Color contrast differentiation in NDE  
 

2.1 Requirement for administration of color contrast differentiation examination  
 

The color contrast differentiation test requirement for most of the common NDE certification 

recommended practice and standards ask employer either to decide and administer the color 

vision test based on the colors used in NDE or to conduct test as per Ishihara test and then 

carryout other demonstration tests for candidates who fail in Ishihara test. 
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2.2 Common Color Vision tests for identifying the color deficiencies 
 

The Ishihara test, Pseudo isochromatic test, Farnsworth-Munsell 100 Hue Test and such other 

color vision tests identify the type and extent of deficiency but there is no any direct link of 

these identified deficiencies to any particular NDE unless and until the person is able to 

identify the contrast among the colors used in that particular NDE. The requirement for a 

particular NDE is only to differentiate and distinguish the contrast among the colors or shades 

used during conducting and evaluating the examination results. The person having normal 

color vision as well as deficient color vision can be able to differentiate and distinguish the 

contrast among the colors or shades used in most of the NDE depending upon the type and 

severity of deficiency to the particular color type. Therefore the above tests cannot disprove 

the person’s color vision capability is not up to the requirement of a particular NDE. Some 

other tests can be made specifically to address particular NDE color vision requirements. 

These tests may be made specific to particular NDE and employer. Methodologies for making 

such tests are explained in the paragraph number 3, 4 and 5 that include the examples of three 

particular NDE. 

 

 

3.  Designing of Color vision Test for NDE methods and techniques 

involving color contrast depending on materials used for conducting NDE 

 
LPT, MPT, Leak Testing and other such NDE methods use the coloured materials (may or 

may not be pigmented) to produce the color contrast against the other coloured materials (for 

an example developer color in LPT) used in that NDE or against the test specimen surface 

color over which the discontinuity indications being generated. Two different examples are 

mentioned below for explanation. 

 

3.1 Example for color vision test for a visible LPT technique 
 

In this example, a visible liquid penetrant material family that uses dark red color dye and 

white color developer is considered. This particular LPT need capability for interpreting the 

discontinuity indication having shades of red color in the background of white coloured 

developer background. The step by step methodology is explained in following four steps 

mentioned in paragraphs 3.1.1 to 3.1.4. 

 

3.1.1 Obtaining the RGB Color values 

 

Each color shade is made up from either one or combination of three base colors red, green 

and blue. Therefore each color shade has certain RGB (red, green, blue) color value. In 8 bit 

representative system, R means the red color value range from 1 to 255, G means the green 

color value range from 1 to 255 and B means the blue color value from 1 to 255. Any color 

and its shades can be made by varying the values of one or more values of R, G & B. For an 

example pure blue color has zero value of R and G while value of B ranges from 1 to 255 

depending upon the darkness of the color. Lower the value, darker the color and vice versa. 

Now onwards, these RGB 8 bit color values are denoted by small letters r, g and b 

corresponding to the 8 bit color values of colors red, green and blue. 

 

First of all, it is required to obtain the r, g and b color values of the color shades created on the 

test surface for producing the color contrast. Take samples of specimens having flaws and 

conduct LPT over them. Select the blotted penetrant indications from different specimens in 



such a way that selected indications have variety of color shades from darker to lighter. In this 

example five indications (numbered 1 to 5) from three different specimens as shown in three 

photographs of Figure 1 are selected and the r, g and b color values of each are determined. 

After that r, g and b color values of background color formed just beside each indication due 

to developer are determined. Table 1 shows color values of these five dye indications and 

their adjacent background colors. These color values at particular point of the picture are 

obtained by uploading picture on website mentioned in reference 1. 

 

 
Figure 1. Photographs of dye indications on the surface of flawed specimens 

 

 

Table 1 Indication and Background color values 

 

 

 

3.1.2 Making the table for color vision test 

 

Now from r, g and b color values of Table 1, a Table 2 as shown below can be made simply 

by using any suitable MS office software or any other software in such a way that the text 

colors in column C1 to C5 are dye indication colors and cell fill color in rows R1 to R5 are 

developer background colors. The table 2 examine the capability of a candidate to interpret 

the identity of one color shades in the other color shades that demonstrate the capability of 

candidate to identify the color contrast of LPT indications. 

 

 

 

 

 

 

 

  

Indication no. 

1 2 3 4 5 

r g b r g b r g b r g b r g b 

Indication 

color value 
179 85 111 192 117 137 148 81 82 180 137 144 255 183 207 

Background  

color value 
227 219 216 223 204 205 179 166 157 191 187 181 255 255 255 



 

 

Table 2 Example color vision test for particular LPT 

 

  

COLUMN no. 

C1 C2 C3 C4 C5 

Indication 

no. 1 

Indication 

no. 2 

Indication 

no. 3 

Indication 

no. 4 

Indication 

no. 5 

R       

O      

W   

no. 

R1 
Background no. 

1 
4 X S 5 D 

R2 
Background no. 

2 
P M H 7 H 

R3 
Background no. 

3 
P N L F X 

R4 
Background no. 

4 
P N L F X 

R5 
Background no. 

5 
E V Y S R 

 

In the Table 2, the five box cells R1C1, R2C2, R3C3, R4C4 and R5C5 only represent the 

actual color contrast between dye indication color and developer background color of 

indication no. 1, 2, 3, 4, and 5 respectively while other cells are additional cross combination 

of dye indication colors and developer background colors that makes the test more versatile 

by testing the color contrast vision for different possible color combinations between 

indication and its background.  

 

 

3.1.3 Obtaining relative luminance of each color shades 

 

Each color shade has particular relative luminance value. The relative luminance value can be 

obtained from r, g and b color values. First step in calculation of relative luminance is the 

converting the r, g and b color values to space values by dividing with 255.  

 

Let us calculate the relative luminance values of dye indication no. 1 and its background 

color. The color values of dye indication 1 are r = 179, g = 85 and b = 111. Dividing these 

values to obtain color space values A = 0.70, B = 0.33 and C = 0.44 respectively for red, green 

and blue colors. Now the values of factor X, Y and Z can be calculated by following three 

equations [2].  

 

                                                 X = ((�	 + 	�. ���)	/	
. ���)	�.�………..………….………. 

(1) 

 

                                                 Y = ((	 + 	�. ���)	/	
. ���)	�.�…………..……….………. 

(2) 

 

                                                 Z = ((�	 + 	�. ���)	/	
. ���)	�.�…………..……….………. 

(3) 

 

The relative luminance (L) can be calculated by following equation. 

 



                                             L = 0.2126X +0.7152Y +0.0722Z ………….……….……….. (4) 

 

In this way, the relative luminance value of dye indication no. 1 is 0.17 can be obtained by 

using equations no. 1 to 4. Same way for its developer background, the relative luminance 

value 0.72 can be computed.  

 

3.1.4 Obtaining the brightness contrast ratio 

 

Two types of contrast are important for color contrast differentiation named as brightness 

contrast and color contrast. Brightness contrast depends on the difference in the amount of 

light reflected by indication of a color and by the background color. Color contrast is the 

difference between two colors of equal brightness. Color contrast contributes a small 

percentage to total visibility, while brightness contrast contribution is the maximum [3]. 

Higher the difference in the luminance, higher the brightness contrast ratio and better is the 

visibility of one color in to another. Brightness contrast ratio (��) is given by following 

equation. 

 

�� = (�� + 0.05) / (��  + 0.05) …………………...………… (5) 

 

Where ��  is the relative luminance of the lighter of the colors, and ��  is the relative 

luminance of the darker of the colors [4]. Brightness contrast ratio between dye indication no. 

1 and its developer background color is 3.462. Similarly for each cell of the Table 1, contrast 

ratio can be calculated that is shown in below Table 3. 

 

Table 3 Values of Brightness Contrast Ratio for respective cells of Table 2 

 

Brightness Contrast ratio �� 

  

COLUMN 

C1 C2 C3 C4 C5 

R     

O     

W 

R1 3.462 2.504 4.326 2.224 1.191 

R2 3.072 2.222 3.838 1.973 1.056 

R3 1.993 1.441 2.490 1.280 1.459 

R4 2.472 1.788 3.089 1.588 1.176 

R5 4.724 3.416 5.902 3.034 1.625 

 

In table 3 above, the diagonal cells R1C1, R2C2, R3C3, R4C4 and R5C5 are the brightness 

contrast ratio of indication no. 1 to 5 and other cells show the brightness contrast ratio values 

of the cross combined indication colors and background colors. It is noted that due to cross 

combinations of indication and background colors lead to increased and decreased brightness 

contrast ratios. Generally brightness contrast ratio greater than 2:1 that is the value of 

brightness contrast ratio that can be recognized reasonably for contrast [3]. 

 

Apart from color shades obtained from dye indications and its background developer colors, 

other relevant color combinations can be added to the table as per employer requirements. By 

calculating the brightness contrast ratios, one can judge the relative difficulty level for 

interpretation of a particular cell of the table. 

 

If darker the indication color and lighter the background color then higher the contrast 

brightness ratio and vice versa. Values of brightness contrast in each cell of table is 



corresponding to the difference in the relative luminance between combination of dye 

indication color and developer background color. Therefore highest contrast brightness ratio 

of 5.902 in cell R5C3 is corresponding to the maximum difference in relative luminance 

among combination of all the dye indication and background color in Table 2. Similarly the 

lowest value of 1.056 in the cell R2C5 corresponding to the least difference in relative 

luminance which is relatively most difficult to interpret among all the twenty five color 

combinations of Table 2.  

The purpose of tabulating the brightness contrast ratio is to quantify the color contrast 

differentiation difficulty of each cell in terms of values of these ratio instead of quantifying 

the difficulty subjectively by taking opinions of different persons as the opinion changes from 

person to person. Another use may be for determining the cut off criteria for deciding the 

passing of the test that the candidate shall identify the contrast of each cells having brightness 

contrast ratio above a certain value that is based on the lowest possible brightness contrast 

obtained from several of indication photographs.  

 

The above described test can be made specific for each particular NDE having a particular 

color combination of material. Now let us take another different example as mentioned in 

paragraph no. 3.2. 

 

3.2 Example for color vision test for a florescent MPT technique 

 

In florescent magnetic particle testing, in which bright yellow-green indications need to view 

in the dark background under the Ultra Violet (UV) light. The fluorescent inspection usually 

carried out in reduced light level at which the rods of eye become preferential detectors that 

are insensitive to colors and so the brightness discrimination from fluorescent indication and 

dark background. Here a point need to consider that when the wet bath applied over the test 

specimen, then it covers the test surface with magnetic particle that also create background 

florescence under the UV light. However the particle accumulation is higher in indication as 

compared to the surrounding bath, the brightness of the indication is much higher 

comparatively compared to background fluorescence.  Therefore the rows of the table should 

be in the color of dark background during the presence of UV light and also the background 

fluorescent color shades. Following Table 4 formed from the color shades obtained from five 

different discontinuity indication photos having wide range of background color shades and 

range of yellow-green florescence color shades.  

 

Table -4 Example color vision test for particular MPT 

 

  

COLUMN 

C1 C2 C3 C4 C5 

Indication 

no. 1 

Indication 

no. 2 

Indication 

no. 3 

Indication 

no. 4 

Indication 

no. 5 

R       

O      

W 

R1 Background no. 1 4 G L P D 

R2 Background no. 2 5 P A 6 H 

R3 Background no. 3 D C F Q Z 

R4 Background no. 4 P V F W 9 

R5 Background no. 5 F S T G T 

R6 Background no. 6 V 8 L J 4 



R7 Background no. 7 H K Y B 3 

R8 Background no. 8 J T R U X 

R9 Background no. 9 P N L F Z 

R10 Background no. 10 E V Y S R 

Text color in column of the Table 4 should be the color of bright yellow-green color shade 

representative of each indication. Background no. 1,5,7,8 and 9 are different color shades that 

include all sampled darkest to the brightest background florescence and remaining 

background color shades are sampled darkest to brightest bluish-violet color shades when 

background fluorescence not present and color from leaked visible light from UV light source 

and other visible light contribute major background color. 

 

The brightness contrast ratio between the color shades of each cell in Table 4 is tabulated in 

Table 5. Except row R7, the brightness contrast ratio is greater than 2.6:1 and exceeding 11:1 

in some cells. This is the advantage that the brightness contrast ratio is too high in fluorescent 

testing compared to visible testing. The row R7 represent the case in which high background 

fluorescence leads to lower values of brightness contrast ratio between discontinuity 

indication and background. This happen only when the correct procedure is not followed but 

still as a part of color vision test such difficulty level may be kept.   

 

The florescent LPT and MPT are generally performed under UV light and visible light is 

reduced to the extent possible to obtain good contrast from the brightness of florescent 

penetrant or magnetic particle indication. Therefore in these examinations the rods of the eye 

dominate in vision acuity which are more sensitive to light and insensitive to color. Therefore 

the contrast perception mainly depends on brightness contrast. 

 

 

Table 5 Brightness contrast ratio for respective cells of Table 4 

 

Brightness Contrast ratio �� 

  

COLUMN 

C1 C2 C3 C4 C5 

R       

O       

W 

R1 3.352 3.205 3.681 3.518 3.057 

R2 5.769 5.517 6.336 6.055 5.261 

R3 11.545 11.039 12.678 12.116 10.527 

R4 8.915 8.525 9.790 9.356 8.129 

R5 3.920 3.748 4.305 4.114 3.575 

R6 5.962 5.701 6.547 6.257 5.437 

R7 1.129 1.079 1.240 1.185 1.029 

R8 2.879 2.753 3.162 3.022 2.626 

R9 3.199 3.059 3.513 3.357 2.917 

R10 3.326 3.181 3.653 3.491 3.033 

 

 

 

4.  Designing of Color vision test for NDE methods and techniques involving 

color contrast depending on color used in equipment display 



 
For equipment based NDE methods like ultrasonic, eddy current, thermography and other 

similar equipment based NDE, the display screens or digital images are used to interpret and 

evaluate the examination results. These display screens and digital images involve different 

colors which may represent the strength of the signal. Let us take an example of Phased Array 

Ultrasonic Technique (PAUT). In this technique, the display of equipment uses the 

multiple colors corresponding to the amplitude of reflected signal. Figure 2 shows a 

sample scan image of a tested flawed specimen that has contours of different colors 

based on the received reflected ultrasound amplitude. Relative color scale at the right 

side in Figure 2 shows the relation of amplitude of 0% to 100% with different colors.  

 

 
Figure 2 

Scanned 

Image of 

flawed 

specime

n with 

PAUT 

technique 

 

 

In this color vision test example the color shades at each 10% amplitude level are considered 

to devise the test. Therefore in Table 6 the color shades at 0%, 20%, 40%, 80% and 100% are 

taken in rows R1 to R6 as cell fill color and color shades at 10%, 30%, 50%, 70% and 90% 

are taken in column C1 to C5 as text color. In short, this table demonstrate the color 

differentiation among the color shades corresponding to amplitude difference of 10% of full 

scale.  

 

 

Table 6 Example color vision test for a particular PAUT equipment 

 

  

COLUMN 

C1 C2 C3 C4 C5 

 

Amplitude 

percentage 10% 30% 50% 70% 90% 

R     

O     

R1 0% 4 L W X E 

R2 20% Y N B P T 



W R3 40% F M G C U 

R4 60% D V L A F 

R5 80% C A R H N 

R6 100% K H Q Z B 

 

5.  Another approach in color vision test designing 

 
One more approach for designing the test in similar but in a different way is described with 

same LPT technique which is described earlier. In this approach, the sentences having 

numbers of words in different dye indication color shades are written over the one or more 

developer background color shades as shown in Figure 3 and Figure 4. Here each photo has 

different developer background color shade and it covers all the dye shade colors having 8bit 

color values as per Table 1. 

 

However for creation of cross combination and calculation of brightness contrast ratio in this 

methodology is quite cumbersome. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 

 

 

 



 
 

Figure 4 

 

 

 

6.  Conclusion 
 

In this paper, the color vision tests are made by using the actual shades of colors used in 

particular NDE that make the test more effective and practical. Examination of candidate’s 

color contrast differentiation specific to a particular NDE can be done irrespective of the color 

deficiency. The color contrast differentiation is taken care by including range of actual color 

shades necessary for visualization of defect indication or signal. In addition to that multiple 

cross combination of indication color shades and background color shades makes the test 

versatile by covering wide range of contrast brightness ratios and color contrast. However it is 

to note that the tests are specific to material colors and equipment display color. If the 

material manufacturer, type, equipment or equipment color display scheme change then the 

tests need to amend or made again by using the actual colors associated. 
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