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Fig. 1 Effects of offset distance on skin image processing results. (a) Relationship between normalized light intensity and offset

distance ; (b) fitted lines of normalized light intensities at different offset distances; (c) scattering coefficient versus

offset distance; (d) deviation of scattering coefficient versus offset distance
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Fig. 3 Flow chart of correction and compensation algorithm
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Fig. 4 Differences of extracted skin image areas before and after correction and compensation. (a)(b) skin images collected at

different moments; skin images in central perforated region extracted from (c¢) Fig. 4(a) and (d) Fig. 4(b) with selected

matching templates shown in dotted boxes; (e) template image; (f) corrected image
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Fig. 5 Flow chart of correction and compensation algorithm
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Table 2 Statistics of numbers of relevant areas

Correlation coefficient >0.7 =>0.8 =>0.9
Number of relevant areas before correction 43 24 13
Number of relevant areas after correction 73 36 14
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Table 3

Comparison of correction and compensation effects

Mean of difference & standard

Correlation coefficient

Clark error

Volunteer deviation /(mmolsL ")

Uncorrected Corrected Uncorrected Corrected Uncorrected Corrected

Volunteer 1 0.18 0. 61 1.39+1.36 0.9140.48 66.67% 100.00%
Volunteer 2 0.27 0.71 1.8241.12 0.6840.61 39.34% 85.25%
Volunteer 3 0.57 0. 80 1.35+1.06 0.7740.53 55.42% 83.13%
Volunteer 4 0. 44 0. 49 2.43+1.84 2.08+1.69 45.83% 51.04 %
Average 0. 37 0. 65 1.75+1. 34 1.1140.83 51.82% 79.86 %
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Table 4 Changes in scattering coefficients of skin tissue of different volunteers before and after blood glucose concentration change

. 1
unit: mm

Before blood glucose concentration change

Volunteer After blood glucose concentration change
Volunteer 5 0.0264
Volunteer 6 0.0098
Volunteer 7 0.0082

0.0016
0.00069
0.00049
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Image Correction and Compensation Method Based on OCT Noninvasive
Blood Glucose Detection
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Abstract

Objective Diabetes is one of the major diseases affecting human health. Patients are required to monitor and control
their blood glucose concentration continuously to prevent complications. Compared with traditional invasive methods,
optical noninvasive blood glucose detection greatly reduces the pain of blood collection for patients and controls blood
glucose more accurately by increasing the number of measurements. Recently, the noninvasive blood glucose detection
method using optical coherence tomography (OCT) has become a technology with great development potential. However,
the acquired three-dimensional images in skin areas are inconsistent in spatial range during the image acquisition due to the
slight involuntary shaking of the subject, affecting the accuracy of the noninvasive blood glucose measurement. To solve
this problem, we propose a skin three-dimensional image correction and compensation method based on OCT noninvasive
blood glucose detection.

Methods The deviation of the 3D OCT image collected during noninvasive blood glucose detection is corrected and
compensated using an algorithm. First, we study the influence of image deviation on experimental data using theoretical
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analysis. In the experiment, the skin area is roughly positioned by pasting a square positioning label on the skin surface.
Due to the uneven border of the positioning and the involuntary movement of the arm when collecting images, a deviation
is observed in the image of the extracted skin area, leading to errors in the calibration and prediction results. The image
of the skin area is extracted using morphological erosion expansion, then the image boundary is smoothed and the skin
surface is aligned. After the template is determined by selecting the central area of the collected skin image, the
compensation algorithm is used to gradually match the template with the skin area images involved in the subsequent blood
glucose calculation and perform correction and compensation to ensure consistency in the skin area. We compare the data
before and after compensation by the human blood glucose experiments. Furthermore, we compare the predicted results
before and after compensation, such as the standard deviation of the actual and predicted blood glucose concentration,
correlation coefficient, and other parameters, to validate the compensation algorithm.

Results and Discussions In this paper, the deviation of the skin image data is corrected using a compensation
algorithm. Figure 6 shows a comparison between the skin images acquired at different moments during the blood glucose
collection and the image corrected using the template image. The results show a high correlation between the template
and correction images. The average correlation coefficient between the image and template is 7.3 times higher than that
without correction. The number of relevant areas in the calibration chart after compensation increases, as shown in Table
2. Furthermore, we obtain the difference between the prediction results before and after the compensation. From the
prediction chart, the prediction results calculated from skin image after applying the compensation algorithm are closer to
the real blood glucose concentrations. Table 3 shows the correction and compensation effects of different volunteers. The
correlation coefficient increases from 0.37 to 0.65, and the proportion of predicted blood glucose in zone A using the Clark
grid error analysis increases from 51.82% to 79.86% . Additionally, the standard deviation of the prediction results
decreases from 1.34 mmol/L to 0.83 mmol/L after compensation. Clinical experimental data show that the accuracy of
the noninvasive blood glucose prediction value is improved by 36.57 % . Moreover, we study the influence of the change in
the blood glucose concentration on the scattering coefficient. The results show that the scattering coefficient change
caused by the blood glucose concentration change of 1 mmol/L is about 15. 8 times greater than that when there is no blood
glucose change.

Conclusions As a methodology of optical noninvasive blood glucose detection, OCT is noninvasive, real-time, and
sensitive to changes in blood glucose concentration in dermal tissue interstitial fluid. In this paper, we propose a
compensation algorithm for image correction to improve the motion artifacts caused by the subject shaking. The
compensation algorithm can find the position with the greatest similarity between the template and each image. The
results show that using the compensated skin image for blood glucose calibration calculation increases the number of areas
with higher correlation coefficients in the calibration chart. Meanwhile, the deviation of the predicted result is smaller
than that without compensation. Furthermore, the difference between the predicted and actual values decreases after
compensation, and the correlation is better than that before compensation. Therefore, the compensation algorithm
effectively solves the prediction error caused by the extracted skin area deviating. This study has the important reference
value for optical noninvasive blood glucose detection and is suitable for other optical imaging applications that require
accurate quantitative calculations.

Key words medical optics; optical coherence tomography; compensation algorithm; non-invasive blood glucose
measurement; template matching
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