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Förord / Preface 
 

Handledare för arbetet var Anne Andersson och Lars-Åke Norsten på avdelningen för 

fotometri och radiometri SP Mätteknik i Borås. 
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Sammanfattning 
 

Detta arbete undersöker möjligheten att använda en digitalkamera för att utvärdera 

färgförändring eller färgkontrast. När man karakteriserar ett testobjekt som ändrar 

färg över tiden är det inte alltid möjligt att använda vanlig färgmätning med en 

spektroradiometer. Alternativet skulle kunna vara att fånga förloppet på film eller 

med snabbutlösningsfotografi och utläsa färgdata ur den digitala informationen. 

 

Detta arbetet utvecklar en metod där spektroradiometerdata taget på en färgkarta 

jämförs med data hämtat med Photoshop från foton och film taget på samma 

färgkarta. I varje mätning har 22 färger undersökts genom beräkning av 

färgskillnad mellan en direkt mätning på en enskild färg med spektroradiometer 

jämfört med färgdata hämtat ur Photoshop för samma färg. Färgdata jämförs i 

CIELAB-färgrummet där ΔE94 har använts som ett mått på färgskillnad vilket 

borde ge en rättvis bild av hur ögat upplever färgskillnader. 

 

Tre uppsättningar mätningar har gjorts. Två där spektroradiometerdata jämförs 

med foton, först med fotofiler direkt ur kameran och sedan med RAW-filer ur 

kameran. Den tredje mätningen jämför spektroradiometerdata med en bildruta 

från en film. 

 

Resultatet från jämförelsen visar att de 22 färgerna återges med varierande 

exakthet i foton och film jämfört med den direkta spektroradiometermätningen. 

För foton spänner resultatet från ΔE94 = 0,82 för den bästa färgåtergivningen till 

ΔE94 = 17.01 för den sämsta. Snittavvikelsen för de 22 färgerna är ΔE94 = 7.48 

respektive ΔE94 = 8.46 vid fotografering där ΔE94 = 1.0 anses vara en precis 

märkbar skillnad i färg. Vid filmning spänner färgavvikelserna från ΔE94 = 4.89 

till ΔE94 = 18.11 med en snittavvikelse på ΔE94 = 11.59. 

 

ΔE94 har även använts för att undersöka hur kontrasten mellan två olika färger 

skiljer sig mellan spektroradiometerdatan och data från photoshop. Resultatet 

visar att för foton varierar kontrasten en hel del mellan de båda mätmetoderna. En 

utökad undersökning av filmningsmetoden visar dock att så länge kontrasten 

mellan två olika färger är liten så blir avvikelsen jämfört med 

spektroradiometermätning också liten.  

Summary 
 

This project studies whether or not a digital camera can be used to evaluate colour 

difference or colour contrast. When characterizing a test object that changes 

colour over time it is not always possible to do a normal colour measurement with 

a spectroradiometer. The alternative could be to use film or rapid fire photography 

to record the changes and extract the colour data from the digital information. 

 

This project involves development of a method where spectroradiometric data of a 

colour chart is compared to digital data taken from photos and film of the same 

colour chart using Photoshop. In each measurement 22 colours have been 

evaluated by calculating the colour difference between a direct spectroradiometric 
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measurement of a single colour and data taken from Photoshop of that same 

colour. The data is compared in the CIELAB colour space using the ΔE94 metric 

which should faithfully represent how the human eye perceives colour difference.  

 

Three sets of measurements are made .Two sets where the spectroradiometric data 

is compared to data from still photos, first with photos directly from the camera 

and then with RAW-data from the camera. The third measurement compared the 

spectroradiometric data with data from a frame from a video.  

 

The results show that the 22 colours are reproduced with varying degrees of 

accuracy in photos and video compared to a direct measurement using a 

spectroradiometer. For the two photo measurements the results span from ΔE94 = 

0.82 for the best colour reproduction to ΔE94 = 17.01 for the worst reproduction. 

The average deviation was ΔE94 = 7.48 and ΔE94 = 8.46 respectively where a 

colour difference of ΔE94 =1.0 is considered a just noticeable difference. For video 

the deviation spans from ΔE94 = 4.89 to ΔE94 = 18.11 with an average deviation of 

ΔE94 = 11.59.  

 

ΔE94 has also been used to evaluate how the colour contrast between two different 

colours differ between the spectroradiometric measurement and data from 

Photoshop. The results show that for photos the colour contrast deviates quite a bit 

between the two methods. A deeper evaluation of the video method shows that as 

long as the contrast between two colours is small the deviation compared to the 

spectroradiometric measurement will also be small. 
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1 Introduction 
 

1.1 History 
 

Already following the introduction of the CCD digital camera in the early 1990s there 

was ideas about how the commercial digital camera might be used as a means of 

measuring colour (1) (2). Since then digital cameras has for example been evaluated for 

colour characterisation of food (3), reflectance measurements on printed media (4) and 

automated colour measurements of printed textiles for industry applications (5) . There 

have been many reasons given for why a digital camera might be desirable as an 

alternative to colorimeters, for example digital photos can provide colour information at 

pixel resolution (3) and it is a faster and cheaper alternative (4).  

 

1.2 Aim 
 

The aim of this project was to evaluate a method for using cameras to measure colour 

contrast. The reason for this was to find a method to measure time dependent changes in 

colour contrast when the changes are too rapid for conventional measurements.  

 

2 Theory 
 

2.1 Colour spaces 
 

There are many different ways of representing colours in a systematic way and the 

organisation responsible for this is the International Commission on Illumination, CIE 

(Commission Internationale de l'Éclairage). The basic idea is to represent colours in a 

similar way to how the eye perceives colours which is by the combined stimulus of three 

types of cones. Because of this it makes sense to build a colour system that describes all 

colours as a combination of the three primary colours red, green and blue. The main 

standard CIE standard is called “CIE 1931 XYZ colour space” or simply CIE XYZ which 

is based on a red, green and blue model. (6) 

 

While the CIE XYZ standard does represent the colours that the eye can see there is an 

issue with how the values for different colours relate to each other. In certain 

circumstances a small change in values means a greater change in the eyes perception of 

the colour change and vice versa. Because of this the CIE developed the CIE 1976 

L*a*b* colour space (CIELAB) which is a development of CIE XYZ where the 

difference inn values better represent perceived difference in colour. (7) 

 

2.1.1 CIELAB  
 

The parameters in the CIELAB colour space are L*, a* and b*. L* stands for lightness 

and ranges from 0 which is black and 100 which is white. a* and b*  represent a balance 

between the pairs of opposing colours green/red for a* and blue/yellow for b*. They can 

range from -120 to 120 where green and blue represent the negative colours while red and 

yellow are on the positive side. The CIELAB colour space can also be represented with 

cylindrical coordinates as opposed to the Cartesian coordinates a* and b*. In cylindrical 

coordinates the L* parameter remains but the position in the colour plane is given by the 

angle h from the red axis which represents the hue and the distance C* from the centre 

which represents the chroma.  
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2.2 Colour contrast in CIELAB 
 

By colour contrast we mean the perceived difference in brightness and chromaticity 

between two parts of the visual field.  Since CIELAB is specifically designed to give a 

good numerical representation of the differences in colour that our eyes perceive it is a 

good choice of colour space for evaluating colour contrast.  

 

The metric for colour difference in a colour space is the Euclidian distance denoted ΔE 

and in CIELAB this is given by: 

 

     √  
             

 

Even though CIELAB is a better representation of how our eyes view colour than CIE 

XYZ the ΔE76 metric still isn’t perfect which is why other standards of computing ΔE has 

been developed (8). A commonly used and generally more accurate standard is ΔE94: (9) 
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ΔE94 is based on a cylindrical representation of the CIELAB colour space called CIELCH 

but it also uses different weights for the various factors to take into account that the eye is 

more sensitive to certain colours than others. The listed constants are for the default case. 

There are other values used for the constants for textile applications. This gives a better 

accuracy compared to ΔE76 which only takes into account the relative distance between 

colours.  

 

In this project ΔE94 was used as the metric for colour difference. 

 

2.3 Colour in digital photography 
 

In order to evaluate digital cameras as a tool for measuring colour it is first necessary to 

know a little about how colour is generated in a digital camera. 

 

Digital cameras use a charge-coupled device (CCD) to record the light data pixel by 

pixel. The problem is that CCDs can’t directly record the colour of the light only the 

intensity of the photons that hit that pixel. In order to record colour the camera is set up 

with a Bayer filter so that each pixel only records either red, green, or blue. This means 

that each pixel only has information about one of the colour coordinates in the RGB 

colour space while the other two coordinates for that pixel are lost in the capturing.  

In order to fill in the missing data the camera follows an image processing algorithm that 

fills in the missing data by looking at the colour information of the surrounding pixels. 



9 

 

The simplest type of algorithm would simply copy the missing colour coordinates from 

the neighbouring cells in the assumption that the colour is probably very similar or 

identical from one pixel to another. In reality the image processing algorithms that 

camera manufacturers use are a lot more sophisticated and also proprietary. (10) 

 

An alternative to using the image processing method to fill in all the missing colour 

coordinates is to have a camera that uses three CCDs instead of one. In these cameras the 

light is split into three colours using a trichroic prism assembly and then each beam is 

sent to a different CCD. This means that the camera records full colour information for 

each pixel without having to go through image processing to fill in the gaps.  

 

3 Method 
 

The basic method used was to do spectroradiometric measurements on a reference colour 

chart and then to take images and film of that chart and evaluate how well the colours in 

the images or film represented the real world measurements. The evaluation was done by 

extracting colour data from the photos or from screenshots of the film. Then the colour 

difference between the spectroradiometric measurement and the images was calculated 

using ΔE94 as the colour difference metric. 

 

3.1 Determining colour data from digital photos  
 

Digital photos render colour using some RGB model. One problem is that not all RGB 

models are directly transformable into the CIELAB colour space. They first need to be 

translated into an device independent colour space like sRGB or AdobeRGB and from 

there a transformation into CIEXYZ and then into CIELAB is possible. 

Fortunately Adobe Photoshop allows the extraction of colour data in the AdobeRGB and 

sRGB colour spaces so that gives a good way of acquiring the needed CIELAB data 

directly from a photo without doing any further measurements. 

 

4 Measurements 
 

4.1 Measurements of colour chart 

  
The reference colour chart used was the ColourChecker™ by GretagMacbeth as seen in 

figure 1. It contains 24 coloured squares representing colours found in nature. The chart 

was lit by a 24V halogen lamp operated at 15.4 V at a distance of 1.3 m to get an even 

illumination. The colours were measured using a SpectraScan PR-735 by Photo Research 

Inc. using a CIELAB measurement setting. A standard white reference was used to 

determine the illuminant and source as input parameters.  Each colour on the chart was 

measured and the L*, a* and b* values were recorded. 

 

4.1.1 Digital data extraction 
 

Data was extracted from photos using Adobe Photoshop Elements 9.0 after having 

converted the colour profile into AbobeRGB. The RGB values were then transformed 

into CIELAB values using  

 

http://www.brucelindbloom.com/index.html?ColorCalculator.html. (11) 

 

 

http://www.brucelindbloom.com/index.html?ColorCalculator.html
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4.1.2 Measurement 1 
 

The photo used in measurement 1 can be seen in figure 2 in appendix A. 

 

4.1.2.1 Results 
 

 Direct Photo  

Colour L* a* b* L* a* b* ΔE94 

Dark Skin 39,44 12,24 13,89 25,59 14,68 21,61 14,62 
Light Skin 62,81 20,78 16,59 60,83 17,24 17,55 3,10 
Blue Sky 46,05 -7,147 -21,74 41,69 -7,59 -21,41 4,38 
Foliage 41,56 -8,239 17,84 33,99 -9,73 28,98 9,75 
Blue Flower 49,13 5,914 -22,28 46,51 5,95 -21,16 2,68 
Bluish Green 61,65 -28,62 -6,283 59,51 -22,56 -3,33 3,74 
Orange 64,28 31,7 54,82 61,39 31,11 58,61 3,23 
Purplish Blue 35,82 1,244 -43,83 25,52 5,4 -50,79 10,81 
Moderate Red 54,3 42,97 21,54 55,59 39,3 30,88 5,90 
Purple 31 18,22 -13,81 18,56 18,16 -11,83 12,51 
Yellow Green 66,12 -14,34 42,68 66,53 -14 44,37 0,82 
Orange Yellow 69,82 19,33 62,15 66,54 14,74 62,88 4,03 
Blue 29,8 0,3331 -44,49 15,49 6,17 -48,1 14,76 
Green 51,18 -27,95 20,58 49,6 -26,69 25,07 3,30 
Red 48,03 49,04 33,62 48,86 46,49 47,46 6,78 
Yellow 80,93 9,114 70,82 78,51 5,42 67,54 3,03 
Magenta 53,01 43,61 -4,373 54,15 41,83 5,73 6,24 
Cyan 45,46 -27,26 -32,75 41,77 -19,01 -30,24 5,40 
White 92,09 -0,0843 0,8214 81,44 -1,25 7,53 12,51 
Neutral 6.5 66,37 -0,8193 -0,2941 66,03 -1,23 5,25 5,41 
Neutral 3.5 43,71 0,1373 0,372 29,47 -0,878 3,27 14,56 
Black 21,65 0,424 -0,725 4,77 0,0313 1,35 17,01 

Table 1: CIELAB values for each colour from the direct spectroradiometric measurement 

and from data taken from a photo. Also shown is the deviation between the two 

measurements (given as ΔE94) for each colour. 

 

Table 1 shows measured and calculated data from measurement 1. The accuracy of the 

photographic reproduction is good or even very good for many of the colours but there is 

also a noticeable difference in accuracy between light and dark colours. The average 

deviation is ΔE94 = 7.48. 

 

Colour comparison ΔE94 Direct ΔE94  Photo Difference 

Moderate red vs.. Purple 31,95 43,9 -11,95 
Moderate red vs. Red 8,38 9,44 -1,06 

Moderate red vs. Yellow 42,27 35,58 6,69 
Purple vs. Red 40,58 52,43 -11,85 

Purple vs. Yellow 76 81,29 -5,29 
Red vs. Yellow 41,85 37,46 4,39 

Table 2: Colour contrast (ΔE94) between various different colours in the direct 

spectroradiometric measurement and data taken from a photo as well as the difference 

between the values. 
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Table 2 shows ΔE94 between selected colours. The difference in colour contrast varies 

quite a bit depending on which colour are compared 

 

4.1.2.2 Conclusion 
 

While the measurement is optimistic there is always room for improvement. 

 

4.1.3 Measurement 2 
 

4.1.3.1 Raw digital data  
 

One way of minimizing the errors due to the camera is to use the raw digital data as a 

starting point rather than the jpg-images generated automatically in the camera since the 

automatically generated images usually has some adjustments due to camera settings. The 

raw data appears as a .NEF file-format. To extract this data it needs to still be converted 

into a jpg-file and opened in Photoshop but the conversion to jpg can now be done in a 

controlled fashion. Since the image processing algorithm used when dealing with raw 

data is proprietary to Nikon it means that Photoshop doesn’t have access to the correct 

algorithm so any image processing done in Photoshop is reverse engineered which means 

that it might not be a perfect match to the proprietary algorithm. To get around this 

problem the raw data can be opened in Nikon’s own View NX program and then 

converted into jpg using Nikon’s own algorithm. (10) 

 

4.1.3.2 Results 
 

 Direct RAW  

Colour L* a* b* L* a* b* ΔE94 

Dark Skin 39,44 12,24 13,89 37,32 14,72 24,42 6,68 
Light Skin 62,81 20,78 16,59 69,3 21,89 17,09 6,52 
Blue Sky 46,05 -7,147 -21,74 52,95 -8,08 -21,18 6,95 
Foliage 41,56 -8,239 17,84 45,96 -10,5 30,93 8,44 
Blue Flower 49,13 5,914 -22,28 56,72 6,6 -19,73 7,74 
Bluish Green 61,65 -28,62 -6,283 69,97 -25,67 -3,14 8,64 
Orange 64,28 31,7 54,82 71,63 31,06 62,04 7,79 
Purplish Blue 35,82 1,244 -43,83 35,45 4,79 -54,39 4,04 
Moderate Red 54,3 42,97 21,54 65,26 41 32,44 12,54 
Purple 31 18,22 -13,81 26,58 20,43 -11,19 5,10 
Yellow Green 66,12 -14,34 42,68 75,31 -14,03 47,78 9,39 
Orange Yellow 69,82 19,33 62,15 76,77 15,4 69,84 7,71 
Blue 29,8 0,3331 -44,49 22,25 6,16 -55,89 9,04 
Green 51,18 -27,95 20,58 59,95 -30,42 24,61 9,01 
Red 48,03 49,04 33,62 58,57 49,2 47,96 12,29 
Yellow 80,93 9,114 70,82 86,59 5,5 71,39 5,93 
Magenta 53,01 43,61 -4,373 64,05 44,06 7,27 13,08 
Cyan 45,46 -27,26 -32,75 52,98 -24,41 -34,27 7,77 
White 92,09 -0,0843 0,8214 89,64 -1,14 7,15 6,65 
Neutral 6.5 66,37 -0,8193 -0,2941 74,21 -1,39 7,1 10,63 
Neutral 3.5 43,71 0,1373 0,372 44,68 -0,3 6,25 5,87 
Black 21,65 0,424 -0,725 7,67 -0,29 2,75 14,41 

Table 3: CIELAB values for each colour from the direct spectroradiometric measurement 

and from data taken from a photo based on RAW data. Also shown is the deviation 

between the two measurements (given as ΔE94) for each colour. 
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Table 3 shows data from measurement 2. The deviations (ΔE94) show an improvement in 

that there is no longer a clear difference between dark and light colours which wasn’t the 

case with previous measurements. The average colour difference is ΔE94= 8.46 which is 

not far from the average in measurement 1.  

 

 

 

Colour comparison ΔE94 Direct ΔE94  RAW Difference 

Moderate red vs.. Purple 31,95 43,9 -11,95 
Moderate red vs.. Red 8,38 9,44 -1,06 

Moderate red vs.. Yellow 42,27 35,58 6,69 
Purple vs.. Red 40,58 52,43 -11,85 

Purple vs.. Yellow 76 81,29 -5,29 
Red vs.. Yellow 41,85 37,46 4,39 

Table 4: Colour contrast (ΔE94) between various different colours in the direct 

spectroradiometric measurement and data taken from a RAW data photo as well as the 

difference between the values. 

 

Table 4 shows the colour contrast, measured in ΔE94, between a range of colour pairs and 

here the results are again similar to those shown in  table 2 for measurements 1.  

 

 

4.1.3.3 Conclusion 
 

Using raw digital data has made the errors more uniform between light and dark colours 

so it seems like a good method to utilize when attempting to minimize the errors further. 

The difference when comparing sample colour pairs is still all over the place but the 

results are at least not worse than in previous measurements. 

 

4.2 Determining colour data from digital video 
 

One of the goals of the project is to measure colour change over time. One way to do this 

is to take a series of photos at a rate of several photos per second. This method has a limit 

however since cameras might have limitations in how many photos can be taken in 

succession using this setting. In certain longer circumstances it might be beneficial to use 

the video option to capture the desired event. The question then becomes how frames 

from a video compares to photos with regards to colour. This was tested in the following 

3rd measurements. 
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4.2.1 Measurement 3 
 

A video was taken of the colour chart under the same lighting conditions as measurement 

1 and 2. In order to evaluate the colours a screenshot (figure 4) of the paused video was 

taken and loaded into Adobe Photoshop Elements where the colour data was extracted.  

 

4.2.1.1 Results 
 

 

 Direct Video  

Colour L* a* b* L* a* b* ΔE94 

Dark Skin 39,44 12,24 13,89 37,84 16,25 26,16 7,56 
Light Skin 62,81 20,78 16,59 75,02 20,92 21,8 12,61 
Blue Sky 46,05 -7,147 -21,74 55,47 -8,39 -22,98 9,47 
Foliage 41,56 -8,239 17,84 48,89 -10,93 31,34 10,44 
Blue Flower 49,13 5,914 -22,28 59,27 5,82 -19,55 10,23 
Bluish Green 61,65 -28,62 -6,283 75,2 -26,7 -3,81 13,66 
Orange 64,28 31,7 54,82 74,91 34,73 67,75 11,28 
Purplish Blue 35,82 1,244 -43,83 36,2 6,25 -63,41 7,05 
Moderate Red 54,3 42,97 21,54 68,95 46,85 37,58 16,50 
Purple 31 18,22 -13,81 25,4 19 -11,38 5,90 
Yellow Green 66,12 -14,34 42,68 80,67 -16,97 54,14 15,07 
Orange Yellow 69,82 19,33 62,15 80,91 17,64 74,52 11,73 
Blue 29,8 0,3331 -44,49 21,59 8,72 -63,9 11,35 
Green 51,18 -27,95 20,58 63,34 -29,44 27,35 12,66 
Red 48,03 49,04 33,62 62,48 54,56 55,7 16,83 
Yellow 80,93 9,114 70,82 92,07 4,4 77,19 11,51 
Magenta 53,01 43,61 -4,373 67,66 48,82 7,89 16,47 
Cyan 45,46 -27,26 -32,75 56,73 -22,77 -37,45 11,93 
White 92,09 -0,0843 0,8214 96,65 -0,53 5,24 6,26 
Neutral 6.5 66,37 -0,8193 -0,2941 78,88 -0,85 5,08 13,56 
Neutral 3.5 43,71 0,1373 0,372 46,16 -0,21 4,66 4,89 
Black 21,65 0,424 -0,725 3,64 -0,17 1,08 18,11 

Table 5: CIELAB values for each colour from the direct spectroradiometric measurement 

and from data taken from a video. Also shown is the deviation between the two 

measurements (given as ΔE94) for each colour. 

 

 

Table 5 shows the directly measured data compared to data calculated from extracted 

RGB values from a screenshot of a video taken of the colour chart. The ΔE94 values 

shows larger colour differences (average ΔE94 = 11.59 vs.. 7.48) compared to the method 

using photography instead of video but the difference isn’t alarmingly huge.  

 

4.2.2 Extended colour contrast measurements 
 

Since the method of filming is especially relevant in a specific intended application of the 

method an extended colour contrast evaluation was performed. 
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Colour comparison ΔE94 Direct ΔE94  Video Difference 

Purplish Blue vs. Blue 6,05 7,42 1,37 

Moderate Red vs. Red 8,38 9,15 0,77 

Blue Sky vs. Cyan 13,06 10,42 -2,64 

Orange vs. Orange Yellow 9,19 10,47 1,28 

Blue Sky vs.. Blue Flower 10,2 11,12 0,92 

Yellow vs. Orange Yellow 12,58 12,81 0,23 

Light Skin vs. Moderate Red 14,02 14,54 0,52 

Dark Skin vs. Neutral 3.5 10,8 14,6 3,8 

Magenta vs. Moderate Red 14,97 14,96 -0,01 

Green vs. Foliage 16,04 18,83 2,79 

Red vs. Magenta 19,65 19,66 0,01 

Light Skin vs. Orange 20 21,68 1,68 

Light Skin vs. Magenta 20,14 22,29 2,15 

Yellow Green vs. Green 20,9 22,29 1,39 

Blue Flower vs. Cyan 23,71 22,38 -1,33 

Light Skin vs. Red 21,13 23,82 2,69 

Table 6: Colour difference (ΔE94) between colours that have a small contrast in the video 

measurement compared to the same colour pair in the direct spectroradiometric 

measurement 

 

Table 6 shows the ΔE94 values for colour pairs that show a small contrast in the video 

measurement. This suggests that the error between the direct measurement and the film is 

small as long as the contrast between the colours is small. The average difference is 0,98.  

 

4.2.2.1 Conclusion 
 

The data shows that a method using video instead of photography is not as accurate in 

reproducing each individual colour as the photo method is but when considering colour 

pairs that have small overall contrast difference the method produces a relatively small 

deviation. 

 

4.3 Input from expert consultations 
 

Consultations with experts in the field of camera based measurements raised a few 

concerns and provided some valuable input. Some people think the approach is not viable 

but there are also experts in the field that can see merits in the approach. One main 

feedback is that the camera isn’t as precise as a spectroradiometer at capturing the colour 

of a limited part of the field of vision. With the colour chart that was used the various 

colour fields are relatively small and close together. This means that nearby colours might 

influence what colour the camera records in the specific area of the field of vision. In 

order to minimize this effect it was recommended that larger colour samples were used so 

that the camera isn’t influenced by nearby colours as much. Another suggestion is to 

focus on a single relevant comparison in colour contrast and attempt to minimize the error 

in that specific comparison rather than trying to get the entire colour field correct. 

 

5 Conclusion 
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This project has attempted to investigate the viability of using a digital camera to evaluate 

colour difference. The results indicate that a properly calibrated camera might do a good 

enough job at capturing colour data that proper conclusions about the real world can be 

drawn from it. There are also indications that video is a viable alternative for capturing 

longer events especially when the contrasts in question remain small. This opens up the 

possibility to evaluate colour difference in time dependent systems by using a camera to 

record the process and then rely on the photos to give the needed colour data rather than 

having to depend on a spectroradiometer that doesn’t have the same ability to evaluate 

conditions that change over time.  

 

6 Equipment 
 

Spectroradiometer – SpectraScan PR-735 by Photo Research Inc. 

Camera – Nikon D7000 

Colour chart – ColorChecker™ by GretagMacbeth 

Photoshop version – Adobe Photoshop Elements 9.0 

Image viewer – View NX 2 by Nikon 

Light source – Philips 7158 24V 150 W Halogen projection light  
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Appendix A: Photos 

 

 
Figure 1: Photo of ColorChecker™ under florescent lighting conditions 

 

 
Figure 2: Full ColorChecker™ under measurement lighting conditions as used to extract 

digital colour information during measurement 1. 
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Figure 3: Full ColorChecker™ under measurement lighting conditions as used to extract 

digital colour information during measurement 2. 

  

 

 

 

 
Figure 4: Screenshot from a film taken of the full ColorChecker™ under measurement 

lighting conditions as used to extract digital colour information during measurement 3. 
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Appendix B: Measuring on a laptop 
 

An early attempt was made to use a laptop to display the image taken with the camera and 

then to use the spectrophotometer to measure the colours as they appeared on the laptop 

screen.  

 

Method 
 

The colour chart including the standard white reference was photographed and filmed 

using a Nikon D7000 digital camera. The images and films were then transferred to a 

laptop computer. At first a measurement was tried using the Spectrascan without 

changing any settings. This turned out not to work. It’s important to remember to change 

the settings from “illuminated” to “self-luminous” since the laptop is its own light source 

rather than reflecting a secondary light. It is also necessary to redo the white reference 

measurement to compensate for the altering effect of the screen settings. After these 

changes were made a sample of colours were measured using the Spectrascan PR-735 

using the image shown in figure 5.  

 

Results 
 

 Direct on chart Photo on laptop 

 L* a* b* L* a* b* 

Moderate Red 55,06 44,00 21,43 45,68 34,8 16,42 
Purple 31,27 18,46 -14,5 15,32 14,48 -12,81 
Red 48,96 50,1 33,54 38,27 38,52 22,94 
Yellow 82,49 9,196 72,79 68,01 3,454 42,8 

Table 1 Selected colours measured directly and on a photo displayed in a laptop 

 

Table 1 shows the results of the measurements in terms of L*, a* and b* values. Already 

in this data we can see that there is a clear difference between the two measurement sets. 

To get a better view of the colour shift the colour difference between pairs of colours was 

calculated as well as the colour difference for each specific colour.   

 

 

Colour comparison ΔE94 Direct ΔE94  Laptop Difference 

Moderate red vs.. Purple 32,55361 36,50962 -3,956014 
Moderate red vs.. Red 8,250981 8,16951 0,081471 
Moderate red vs.. Yellow 43,49901 34,17683 9,322178 
Purple vs.. Red 41,25549 37,91057 3,344922 
Purple vs.. Yellow 77,87974 67,32118 10,558566 
Red vs.. Yellow 44,44836 38,26438 6,183984 

Table 2: ΔE94 between various colours in the direct measurement and the laptop 

measurement. 

 

Table 2 shows the colour difference between various pairs of colours in both 

measurements and also the difference between the sets. 
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Colour ΔE94 Direct vs.. Laptop 

Moderate Red 9,93746 
Purple 16,10296 
Red 11,56216 

Yellow 16,16066 

Table 3: ΔE94 between the same colour in the two different measurements. 

 

Table 3 shows the colour difference for a single colour i.e. how much the colour has 

shifted between the two measurements. Ideally this number should be as low as possible 

since a perfect reproduction of the colour would give a ΔE94 of 0.  

 

Conclusion 
 

This method does produce a noticeable error in colour reproduction and another 

drawback is that it adds an additional element in that the colour settings on the laptop 

needs to be calibrated. For this reason the method was abandoned in favour of a method 

that extracts the colour information from the digital photo directly without doing an 

additional measurement. 

 

 

 
Figure 5: ColorChecker™ and white reference under measurement lighting conditions as 

used in the laptop measurement. 
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Appendix C: Initial Measurement  
 

This is the results of an initial measurement that was later redone. For this measurement 

the light was operated at 17.26 V.  

 

Results 

 Direct Photoshop  

Colour L* a* b* L* a* b* ΔE94 

Dark Skin 40,62 12,37 13,88 47,35 27,83 36,23 16,3 
Light Skin 64,05 21,11 17,04 72,61 29,92 31,12 11,61 
Blue Sky 46,96 -7,101 -21,93 58,95 0,66 -8,93 14,44 
Foliage 42,27 -8,363 18,17 52,06 0,55 43,96 18,86 
Blue Flower 50,2 6,236 -22,53 61,32 14,18 -6,92 16,55 
Bluish Green 61,65 -28,83 -3,833 70,72 -18,74 8,84 13,74 
Orange 65,42 32,72 53,69 71,76 41,15 66,59 7,51 
Purplish Blue 36,93 1,748 -44,4 46,31 9,39 -42,7 12,22 
Moderate Red 55,06 44 21,43 66,55 51,89 43,86 15,32 
Purple 31,27 18,46 -14,5 36,1 30,6 -2,25 13,03 
Yellow Green 67,76 -15,07 44,36 74,8 -1,81 57,56 11,94 
Orange Yellow 70,12 19,37 62,39 75,01 28,33 74,67 6,52 
Blue 30,95 0,8619 -43,18 34,57 8,78 49,09 6,15 
Green 52,71 -28,7 21,83 63,79 -21,8 37,69 15,27 
Red 48,96 50,1 33,54 59,89 63,06 51,93 12,88 
Yellow 82,49 9,196 72,79 86,85 12,78 78,11 4,75 
Magenta 53,8 44,66 -5,247 65,4 52,21 19,08 18,39 
Cyan 46,39 -27,55 -32,12 59,24 -21,41 -22,94 13,42 
White 94,54 0,1246 1,374 92,11 5,51 15,66 14,58 
Neutral 8 78,54 -4,666 -0,1455 84,58 8,74 20,19 22,3 
Neutral 6.5 67,98 -0,6193 0,1208 77,25 10,16 21,04 24,72 
Neutral 5 51,44 -0,2381 -0,0604 61,79 8,92 18,01 22,56 
Neutral 3.5 44,61 0,3302 0,4156 52,38 10,72 17,9 20,79 
Black 22,33 0,1171 -0,0191 15,84 8,25 12,75 16,4 

Table 4: CIELAB values for each colour from direct measurement and calculated from 

extracted RGB data from a photo as well as ΔE94 values for each colour. 

 

Table 4 shows the CIELAB values for both the direct measurement and the calculated 

values extracted from the photo. It also shows the colour difference (ΔE94) values for each 

colour. Overall the differences range from around 5-7 at the low end to 15-18 at the high 

end with only the grey colours as outliers at a difference of 20-25. The average colour 

difference is 14.59. Generally a ΔE94 value of 1 is considered just barely noticeable and 

from there the noticeable difference increases with higher value. 

 

 

Colour comparison ΔE94 Direct ΔE94  Photo Difference 

Moderate red vs.. Purple 32,55361 36,10646 -3,552853 
Moderate red vs.. Red 8,250981 7,487235 0,763746 

Moderate red vs.. Yellow 43,49901 32,43 11,069008 
Purple vs.. Red 41,25549 40,93463 0,320862 

Purple vs.. Yellow 77,87974 71,17478 6,704966 
Red vs.. Yellow 44,44836 37,07736 7,371002 
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Table 5: ΔE94 between various colours in the direct measurement and  taken from a photo  

 

Table 5 shows a ΔE94 value comparisons for certain colour pairs for both the direct 

measurement and the calculated colours. One thing to note is that even though there is a 

sizeable difference in colour between the directly measured and the calculated data, the 

relative colour difference between selected colours is not as large in some cases at least. 

 

Conclusion 
 

Since the difference between the directly measured colours and the colours extracted 

from the photos was quite large overall it was decided to redo the measurement. There 

was some question about whether the white balance of the camera had been properly set 

and the light itself was also adjusted to get closer to illuminant A. After these adjustments 

the measurement was redone as seen in section 4.1.   
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