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Abstract

This study presents a specialized memory-color-based algorithm specifically de-
signed to achieve accurate blood color reproduction in endoscopic imaging. The
algorithmic development commenced with a series of psychophysical experiments
aimed at quantitatively determining the optimal target coordinates for blood
memory color within the HSV (Hue, Saturation, Value) color space. Based on these
findings, a dedicated blood color reproduction framework was constructed, which
systematically incorporates three core modules: blood color detection, memory
color center definition, and memory color adjustment. The superior performance of
the proposed method in reproducing realistic blood color was comprehensively val-
idated through extensive comparative experiments conducted on multiple diverse
sets of endoscopic images. Furthermore, a psychophysical evaluation involving a

China. panel of four clinically trained observers was performed to assess subjective visual
quality. The results demonstrated a 100% preference rate for the images reproduced
by the proposed method compared to the original images, confirming its potential

effectiveness for clinical applications.
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1. Introduction

Endoscopy is a diagnostic and therapeutic modality that enables direct visualization and intervention within body
cavities through natural orifices or minimal access points [1-3]. Characterized by minimal invasiveness, real-time
imaging, and high diagnostic accuracy, endoscopy has been established as an indispensable technology in modern
minimally invasive surgery. Endoscopic imaging systems are based on optical propagation and image sensor tech-
nology, enabling real-time visualization of internal tissues in patients. However, due to disparities in spectral response
between image sensors and the human eye [4], as well as the multiple reflections of the illumination light [5], endo-
scopic images exhibit color deviations from reality, impairing physicians' ability to identify pathological tissues [6].
Consequently, the accurate reproduction of colors in endoscopic images has been a primary area of research focus.
In recent years, scholars both domestically and internationally have conducted extensive research on color correc-
tion in endoscopic images. For instance, to enhance the color accuracy of endoscopic images, Chen et al. proposed a
color correction algorithm based on four-neighborhood polynomial regression [7]. To adapt color correction methods
to non-uniform illumination conditions in endoscopy, Wang et al. introduced a dynamic CCM (Color Correction
Matrix) method based on image brightness [8]. Furthermore, Cheng developed an endoscopic color correction as-
sessment methodology based on the CIELAB color space [9]. This method evaluates the color discriminability and
fidelity of endoscopic images captured from color charts, enabling quantitative assessment of endoscopic image color
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performance. The aforementioned studies have advanced the development of color correction in endoscopic imaging,
yet they have overlooked the influence of memory colors on endoscopic color correction.

Memory color representations for frequently encountered objects have been demonstrated in the human visual
system [10-12]. For instance, the formation of traditional memory colors such as skin tones, foliage green, and sky
blue relies on their high frequency and chromatic stability in natural environments [13-15]. The color of blood is
primarily determined by three physiological parameters: hematocrit, hemoglobin concentration, and oxygen satura-
tion [16]. Furthermore, Mo et al. demonstrated that porcine blood within normal physiological ranges exhibits similar
hematocrit and hemoglobin concentrations to human blood [17]. Chang et al. confirmed that the color difference of
arterial porcine blood under normal physiological conditions is minimal [18]. Collectively, these studies demonstrate
the stability of human blood color characteristics. In surgical settings, the chromatic stability and high frequency of
blood support its recognition as a memory color for surgeons.

In this paper, a memory-color-based method for blood color reproduction is proposed. The center of the blood
memory color is determined through psychophysical experiments. The blood color in endoscopic images is adjusted
toward the memory color by modifying two color dimensions: hue and saturation. To the best of our knowledge, the
application of blood memory color in endoscopic image color reproduction has not been previously studied. Experi-
mental results demonstrate that the proposed method achieves excellent blood color reproduction performance. In
this study, blood memory color refers specifically to the perceptual prototype derived from observer preference rather
than long-term semantic memory.

2. Experiment
2.1 Images and display color characterization

In real-time image signal processing, the HSV (Hue, Saturation, Value) color space is more frequently utilized than
the CIELAB color space. Consequently, this study employs the HSV color model with the BT.2020 (Broadcast Ser-
vice Television 2020) color gamut to characterize blood color [19, 20]. As shown in Figure 1, a total of 400 HSV
combinations are used to simulate different blood colors. The 400 samples were uniformly distributed in the H-S
plane with fixed V = 0.35 to isolate chromatic effects. The resulting HSV colors are subsequently converted into the
RGB color space and then subjected to the Opto-Electronic Transfer Function to generate images ready for display,
as illustrated in Equation (1).

H,=0+H H € [0, 0.02]
Sy =06+S Se[0, 04] @)
%, = 0.35
The experiment is conducted using a Sony LMD-XH320T medical monitor, which has a 32-inch LCD display with
a resolution of 3840 x 2160 pixels and BT.2020 color gamut. Moreover, the color consistency of the display is as-
sessed to be acceptable, with a mean difference of 1.5 AEOO units.

Figure 1. Simulated images of blood color.
2.2 Experimental procedure

The experiment was conducted in a bright room with a lighting color temperature of 6500 K. The display was posi-
tioned at the center of the room, one meter away from the observer, to simulate the scenario of a minimally invasive
surgery room. The experimental setup is illustrated in Figure 2.

Four observers participated in the experiment. All observers had a clinical medicine education background and
passed the Ishihara color vision test. Prior to the formal experiment, the research team explained the procedure to the
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observers. Each observer then evaluated five practice images to familiarize themselves with the process. During the
formal experiment, each observer assessed 400 simulated blood images. The images were presented individually in
a random sequence; after an observer categorized an image as "Like" or "Dislike," the next image was displayed.

Figure 2. Schematic of the experimental environment simulating a minimally invasive surgery room.

2.3 Data analysis

Inter-observer variation refers to the deviation between each observer's experimental results and the average results
of all observers. This study quantified the inter-observer variation using the MCDM (Mean Color Difference from
the Mean), as shown in Equation (2).
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where n is the number of observers, H; and S; are the average blood memory color coordinates for each observer,
and H,, and S, are the average blood memory color coordinates for all observers. A smaller MCDM value indicates
lower variability. Furthermore, the MCDM can also be applied to describe intra-observer variation.

The average MCDM for inter-observer variation was 0.015, while the average MCDM for intra-observer variation
was 0.01, indicating relatively high consistency both within and between observers. Figure 3 displays the blood
memory colors and their tolerance ellipses selected by four observers. Based on these results, the values H=0.01 and
S=0.93 were established as the endoscopic blood memory color.
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Figure 3. Distribution of endoscopic blood memory colors in Hue-Saturation space.
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3. Methods

Due to variations in the spectral transmittance of different endoscopes and the influence of ambient light, the color
of blood in endoscope images may undergo changes. Therefore, this paper proposes the blood memory color repro-
duction algorithm for endoscopic images, which can be divided into three components: blood color detection,
memory blood color definition, and blood color reproduction, as illustrated in Figure 4.
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Figure 4. The flow of blood memory color reproduction algorithm.
3.1 Blood color detection

RGB, CIELAB, and HSV color spaces are commonly used for memory color detection. However, endoscopes utilize
LED light sources for illumination, which possess point-source characteristics, resulting in uneven brightness in en-
doscopic images. Consequently, the variation range of blood brightness is also extensive. Considering that the hue
and saturation in the HSV color space are independent of luminance changes, this paper adopts HSV as the color
space for blood color detection.

An analysis of the color characteristics of endoscopic images from various surgical procedures indicates that blood
exhibits a higher color saturation than fat, mucosa, organs, and other tissues, presenting a unique chromatic feature.
Moreover, the actual color of blood is influenced by key physiological parameters (e.g., hemoglobin concentration,
oxygen saturation, and red blood cell concentration), which lead to subtle color variations across different anatomical
regions. Therefore, this paper employs the distribution patterns of hue and saturation for blood color detection. As
shown in Equation (4), the range of blood colors corresponds to a rectangular region within the hue-saturation color
space.

0.002 + k; <H <0.018 +k,
075+ k; <S<1+k, @)
0.05+ks <V <1+kg

where k4, k,, k3, kg, ks and kg are empirical coefficients used to adjust the range of blood color detection.

3.2 Memory blood color definition

According to the psychophysical experiment results presented in Section 2.3, H=0.01 and S=0.93 can be regarded as
the central value of the memory color for blood. Therefore, the proposed blood memory color reproduction algorithm
defines the effective blood memory color as H=0.01 and S=0.93.

3.3 Blood color reproduction

The approximate model representing the blood memory color and the detected blood color distribution range in en-
doscopic images is illustrated in the HS color plane in Figure 5.
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Figure 5. The distribution of blood color detected and blood memory color in the HS plane.

The red region denotes the blood memory color, while the blue region indicates the detected blood distribution in
endoscopic images. The hue and saturation of blood in endoscopic images are adjusted toward the theoretical values
of the memory color range. The adjusted hue and saturation of blood are calculated using the following formulas:

Hy—H H,.;,—H
Hpew = Hopi + Ho M) | i (Ll * n), H, < Hyy; < H, (5)
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So— S S S
5‘new Sori ( K 1) * in( _ ! 71') ’ 5‘1 < Sori < SO (7)
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where H{, H,, S; and S, are detected blood color distribution range in endoscopic images, and H, and S,
represent the blood memory color.

4. Validation

This section presents a comparative analysis of five paired endoscopic images before and after blood color memory
reproduction, processed in the BT.2020 color space, as shown in Figure 6. In each pair, the left image represents the
original result before memory color reproduction, while the right image displays the enhanced outcome after repro-
duction. To evaluate the performance, a psychophysical experiment was conducted in which each participant was
sequentially presented with image pairs (before and after reproduction) and required to perform a forced-choice se-
lection of the preferred alternative. The results indicate that 100% of the preferred selections corresponded to the
images after blood memory color reproduction.
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Figure 6. (a) Original laparoscopic image 1, (b) Laparoscopic image 1 after blood memory color reproduction, (¢) Original na-
sal endoscopic image 2, (d) Nasal endoscopic image 2 after blood memory color reproduction, (e¢) Original nasal endoscopic
image 3, (f) Nasal endoscopic image 3 after blood memory color reproduction, (g) Original otoscopic endoscopic image 4, (h)
Otoscopic endoscopic image 4 after blood memory color reproduction, (i) Original otoscopic endoscopic image 5, (j) Otoscopic
endoscopic image 5 after blood memory color reproduction.
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5. Conclusion

This paper proposes a memory-color-based algorithm for blood color reproduction in endoscopic images. First, the
memory color center for blood in the HSV color space is determined through psychophysical experiments. Then,
blood region detection is accomplished based on prior knowledge of color saturation characteristics in endoscopic
images. Finally, precise blood color reproduction is achieved by calculating the distance in hue and saturation between
the actual blood color in the image and the predefined memory color. Experimental results demonstrate that the
proposed method achieves superior blood color reproduction performance compared to the original blood color in
endoscopic images. The small observer sample size and binary preference task limit statistical generalization; future
studies will incorporate larger cohorts and continuous rating scales.
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