
INTRODUCTION 
The film restoration methodology resulting in the Digitally Restored Authorizate (DRA)2, 3 aims 
to achieve the appearance of the digitized film so that the audio and the visual component is 
as close as possible to the author's original concept as presented at its premiere. 
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Fig. 1: Simplified diagram of DRA methodology. 
Original sources (in red): Original Camera Negative (OCN), Digitally Restored Authorizate (DRA), Master Archive Package (MAP)1 

Copies (in blue): Reference Release Print (RRP), Digital Facsimile of Reference Release Print (DFRRP) 
Digital dissemination masters  (in green): Digital Cinema Distribution Master (DCDM), Intermediate Access Package (IAP)4 

Restoration (in orange): Crucial step of restoration based on  estimation of the DRA utilizing the Educated Guess of Answer Print (EGAP)2, 3 
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The most important step is the color grading of the scanned Original Camera Negative (OCN) 
lead by the restorer and supported by the group of experts. The primary goal is to remove all 
unwanted color and light tonality drifts caused by the aging of the archive film. 
Quantification of perceived color differences in the independent outcomes of color grading is  
necessary, and there are two approaches introduced: 
• Methodology for subjective assessment of perceived color differences 
• Techniques for objective assessment of perceived color differences 

SUBJECTIVE ASSESSMENT 
The content for the subjective experiment was obtained using the DRA procedure from the 
actual color movie`”Capricious Summer”, important work of Czechoslovak cinematography 
produced in 1967. 

Evaluation of perceived color differences among the three complex stimuli was performed 
within the subjective experiment in the scenario where three outcomes of color grading 
process applied to the same film samples are available. 

Fig. 2: Selected test contents from the movie “Capricious Summer” (1967). 
The expert group selected nine common key scenes with an average duration of about 90 s and followed by the selection of 20 particular 
still frames from these scenes. The resolution of these images is 4096 × 3112 pixels (4K Full Aperture “Open Gate”), with the active image 
area of about 3680 × 2670 pixels, i.e. with the aspect ratio of about 1:1.37. 

Fig. 3: Comparison of the Digital Facsimile of Reference Release Print (DFRRP) of the selected test content and 
the three outcomes of color grading process obtained by the three independent expert groups. 

Perceived difference between the color appearance of the DFRRP and the outcome of the expert groups is evident, but the differences 
between the groups are tiny and might be unnoticeable, especially in the printed form. 

(a) DFRRP w/ soundtrack (b) Group 1 (c) Group 2 (d) Group 3 

The methodology used for the subjective experiment was based on the modified Double 
Stimulus Impairment Scale method (DSIS).13 The two stimuli for the two selected groups were 
projected in a randomized order time sequence. The viewers were asked to evaluate the 
perceived difference between the two stimuli on the projection screen.12 
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Fig. 3: Subjective experiment. The evaluation form and the phases of presentation. 
The digital projector was Barco DP4K-P - digital postproduction projector with the native 4K resolution of 4096 × 2160 pixels. The projector 
meets the high-performance demands for postproduction, archiving, restoration and 4K color grading and is compliant with SMPTE RP431-2 
standard. As the primary characteristic, the luminance in the center of the projection screen should be 48 cd/m2 and chromaticity x=0.314, 
y = 0.351 for the white point.5 

. 

Fig. 4: Subjective experiment. Selected results of statistical analysis.13, 14 

(a) MOS – All observers. 
With 95% confidence intervals. 

(b) Acceptance rate – All observers. 
With 95% confidence intervals. 

(c) Statistical significance of the 
difference between MOS ratings. 

(d) MOS – expert vs. 
MOS – naïve. With 95% CI. 

(e) Acceptance rate vs.  
MOS. With 95% CI. 

(f) Empirical CDF vs. MOS. (g) Empirical CDF vs. 
Acceptance rate. 

OBJECTIVE ASSESSMENT 
The perceived difference in images projected onto the cinematographic screen can also be 
assessed objectively based on a computational comparison of the two projected images with 
different color or light tonality.12 

Three conceptually different approaches were used to obtain the colorimetric data in order to 
assess color differences between the images: 
a) measurement of color samples from the projection screen using spectroradiometer, 
b) capturing the projected images using calibrated digital camera,12, 18, 20, 21 

c) direct evaluation of source image files. 
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Fig. 5: Block diagram with the three techniques for colorimetric analysis of projected cinematographic images. 
System (a) is based on the measurement of CIE XYZ tristimulus values in selected color samples using spectroradiometer (Photo Research 
SpectraScan PR-740). System (b) captures the 2D distribution of CIE XYZ tristimulus values using calibrated digital single lens reflex camera 
(Canon EOS 6D). System (c) is based on the calculation of CIE XYZ tristimulus values using a simulation of digital projection. 

For all the three approaches the primary goal is to obtain reliable colorimetric measurements 
of the picture on the projection screen in device independent color space, preferably as CIE 
XYZ tristimulus values.19 

Fig. 6: Example of the three selected contents with markers for color measurements using spectroradiometer. 
CIE xy chromaticity diagram with all the 228 measured color samples is depicted (black markers) and DCI-P3 color space (in the white 
triangle). 

Spatial extension of CIEDE2000 color difference formula6, 9, 22 was selected as a good 
performing measure to assess perceived color difference between two projected images. The 
images or color samples in CIE XYZ device independent color space were transformed to CIE 
Lab. Then the CIEDE2000 color difference formula was applied to obtain color difference map 
which was averaged to get the overall Δ E00 measure. 

Fig. 7: Example of calculated maps of color difference Δ E00 values (displayed in the range Δ E00 = 0-10). 
The maps on the first row were calculated directly from available image files data (denoted as `”Data”). The second row was obtained using 
images captured by the calibrated digital camera from the projection screen (denoted as `”Screen”). 

(a) Group 1-2, Data. (b) Group 1-3, Data. (c) Group 2-3, Data. 

(d) Group 1-2, Screen. (e) Group 1-3, Screen. (f) Group 2-3, Screen. 

(g) Comparison of averaged Δ E00 
values calculated using source 

image files (denoted as 
`”Source”)  and the calibrated 

camera (denoted as `”Camera”). 

Performance analysis of the objective assessment techniques is based on the comparison of 
the outcome of the subjective and objective assessment. For each pair, CIEDE2000 color 
difference formula is used to obtain the overall Δ E00 measure of perceived color difference. 
Each of the 60 image pairs has also corresponding MOS value assigned. Comparison of the 
MOS values and Δ E00  values can be depicted in the scatter plots. 

Fig. 8: Scatter plots of MOS versus spatially averaged CIEDE2000 measure Δ E00. Logistic fit included. 
Δ E00 values were calculated using input data from spectroradiometer  “Radiometer”, from source image files  “Source‘”, and from the 
calibrated digital camera “Camera”. Pearson Linear Correlation Coefficient (PLCC) and Spearman Rank Order Correlation Coefficient (SROCC) 
calculated, with confidence intervals included. Bar graphs are denoted using the same letter as the scatter plots (a)-(e).13, 17 

(a) MOS vs. Δ E00 – 
Source. 

(b) MOS vs. Δ E00 – Source 
– Color samples. 

(c) MOS vs. Δ E00 – Radiometer 
– Color samples. 

(d) MOS vs. Δ E00 – 
Camera. 

(e) MOS vs. Δ E00 – Camera 
– Color samples. 

(f) Pearson Linear Correlation 
Coefficient (PLCC) 

(g) Spearman Rank Order Correlation 
Coefficients (SROCC) 

CONCLUSIONS 
Presented techniques for objective assessment of perceived color differences can be used to 
provide basic information on the visibility or acceptability of color differences. The 
performance of the three methods by measures of prediction accuracy and monotonicity is 
not ideal and a maximum of the SROCC is reached at 0.781. In our future work we will focus on 
further improvement of CIEDE2000 based techniques. 


