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Abstract
This article provides an overview of the supplementary material for the article Evaluating Hyperspectral Techniques Using Objective Metric Research on Analog Narrowband Image.
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1.	CycleGAN
Image conversion technology generally requires a large amount of paired data. However, collecting paired data is often time consuming and labor intensive. In 2017, Jun-Yan Zhu et al. proposed Cycle-Consistent Adversarial Networks (CycleGAN). [1]. CycleGAN consists of generator architecture and discriminator architecture. This algorithm does not need paired data, it can automatically perform image-to-image conversion technology, and it can be blurred, color converted, improve clarity, or fill in missing blanks. During training, the loss function is adversarial loss, cycle consistency loss, and the sum of identity loss, and then trained according to its size.

2.	CIEDE 2000
CIE Technical Committee TC 1-47 Hue and brightness related correction for industrial color difference evaluation was established in October 1998 to improve the performance of CIE94 color difference formula. In 2001, CIE redefined the color difference calculation method. CIEDE2000 is the latest color difference formula [2]. This formula is much more complicated than CIE94, but it greatly improves the accuracy, so that in the entire CIELAB color space, the original ellipse becomes more like a circle.
Because the use of CIEDE2000 requires the Lab value of the Lab color space in the image, the previously preprocessed white light image (WLI) and narrowband imaging (NBI) images and the NBI simulated by band selection through the mask is used to obtain the average R, G, and B values of WLI, NBI, simulated NBI vessels, and esophageal background tissue; convert the obtained R, G, and B values to the XYZ color gamut space through Equation S1; and then convert to the Lab color gamut space through Equation S2 to obtain the average Lab value of WLI, NBI, and simulated narrowband image blood vessel images and the image average Lab value of esophageal background tissue.
After obtaining the Lab values of each image, the CIEDE2000 Equation (S3) can be used to obtain the contrast color difference between the blood vessels and the esophageal background tissue in a single image and further compare the contrast differences between images, where KL, KC, and KH are the coefficient weights; RT is the hue rotation item used to correct the blue area of the color space; SL, SC, and SH are the brightness compensation, chroma compensation, and hue compensation, respectively.
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3.	Entropy
For images, the theoretical basis of information entropy is used. Because the grayscale of each pixel in the image can change naturally, the definition of information entropy is extended to the image field, and the number of times a certain grayscale level appears in the entire image is compared with the number of the entire image. For an 8-bit image, the grayscale range is 0–255 for a total of 256. First, the statistics of the grayscale histogram of the image is calculated, then the probability of each grayscale level is determined, and the grayscale is further distributed. Finally, the aggregation feature of the gray distribution is used to perform the entropy operation with Equation S4.
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4.	Structural similarity index evaluation
The structural similarity index algorithm is used to compare the brightness, contrast, and structure of the narrowband image and the simulated narrowband image. In terms of brightness, the average measurement of all image pixel values is shown in Equation S5, where xi is the image, the i-th pixel value of x, and N is the total number of pixel values; in terms of contrast, it is measured by taking the standard deviation (square root of variance) of all pixel values, such as Equation S6; in terms of structure, the signal divided by its standard deviation is normalized so that the two signals being compared have unit standard deviation as in Equation S7, as a measure of structure. Finally, these three elements are weighted and expressed by the product, and the two image signals x and y are given, which are defined as Equation S8.
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However, its algorithm has the characteristics of symmetry, limitation, and uniqueness of the maximum value in use. Symmetry means the structural similarity index is symmetrical, the limitation is that its maximum value is 1, and the single maximum value also means when the two signals to be measured are exactly the same, the value of the structural similarity index is 1, and its characteristics are shown in Equations S10, S11, and S12.
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When calculating the structural similarity index between the narrowband image and the simulated narrowband image, the parameters are set as α = β = γ = 1 and C3 = C2/2 to obtain the formula. To make the result more accurate, an 11×11 local small window is opened and moved pixel by pixel on the entire image. The structural similarity of the signals in each small window is calculated, and these signals are averaged to obtain the structural similarity index between the narrowband image and the simulated narrow-band image from Equation S13.
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5.	Hyperspectral imaging algorithm
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Figure S1. Comparison of chromatic aberration between WLI endoscope before and after correction and spectrometer
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Figure S2. Comparison of chromatic aberration between NBI endoscope before and after correction and spectrometer
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Figure S3. First 10 principal components of Rspectrum
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Figure S4. Root mean square error of WLI endoscope SSpectrum and Rspectrum
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Figure S5. Root mean square error of NBI endoscope SSpectrum and RSpectrum
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Figure S6. Chromatic difference diagram of measured spectrum and simulated spectrum of 24 color blocks of WLI endoscope
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Figure S7. NBI endoscope 24-color block measurement spectrum and simulated spectrum color difference diagram
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