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ABSTRACT

In order to optimize the wood internal quality detection and evaluation system and improve the comprehensive
utilization rate of wood, this paper invented a set of log internal defect detection and visualization system by using
the ultrasonic dry coupling agent method. The detection and visualization analysis of internal log defects were
realized through log specimen test. The main conclusions show that the accuracy, reliability and practicability
of the system for detecting the internal defects of log specimens have been effectively verified. The system can
make the edge of the detected image smooth by interpolation algorithm, and the edge detection algorithm can
be used to detect and reflect the location of internal defects of logs accurately. The content mentioned above
has good application value for meeting the requirement of increasing demand for wood resources and improving
the automation level of wood nondestructive testing instruments.
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1 Introduction

As one of the earliest materials used by human beings, wood has many advantages, such as unique
characteristics of low-carbon and energy-saving, environmental-friendly naturalness, beauty and texture
comfort, large strength-to-density ratio, excellent thermal insulation and electrical insulation, easy
processing and forming, good decorative and high cost-effective. It can be made into sawn timber,
furniture, plywood, and other products and used as raw materials for papermaking and chemical fiber
industries. It is widely applied in the field of architecture, furniture, interior decoration, the chemical
industry, transportation, the military, musical instruments, and other industries [1-3]. Wood is the only
biological material among the four major raw materials (wood, steel, cement, and plastic). It is a
renewable resource, which can be obtained not only from natural forests but also from artificially
cultivated forests. According to the world’s existing forest stock, at least 3 billion m®> will be increasing
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every year. With the application of modern forestry science and technology, scientific management, and
rational cutting, the sustainable development and sustainable utilization of forest resources can be
completely realized, and the forest resources can become inexhaustible resources and materials, which
have incomparable advantages compared with petroleum, minerals, and other underground resources.

With the rapid development of modern industrial technology, non-destructive testing methods and
technologies such as ultrasonic testing [4—7], vibration testing [8—11], X-ray testing [12,13], and infrared
detection [14,15] have emerged in the wood processing field. Meanwhile, many researchers used
probabilistic methods to study the mechanical properties of materials [16—19]. These methods have
played an important role in upgrading the technology of detecting the defect of wood and accelerating
the systematization and automation of detection [20]. In recent years, ultrasonic testing has been widely
used globally to analyze wood quality through the characteristics like propagation speed of ultrasonic in
the wood. However, the location and size of the internal defects of the wood are identified inaccurately,
and the detection is ineffective. Liu et al. used the longitudinal wave ultrasonic method to detect the
elastic modulus of wood and created a detection system based on DSP [21,22]. In 2018, Voessing proved
that Air-coupled ultrasound (ACU) is used through transmission to detect delamination, rot, and cracks in
wood without permanently altering the structure. Novel ferroelectric transducers with a high signal-to-
noise ratio enable high-precision structure recognition [23]. In 2021, Zhang et al. proved that the non-
contact transverse vibration method and UT are shown as an efficient non-destructive evaluation method
for assessing the CLT structural state right after the manufacturing as a quality assurance method or after
their service in the field as a diagnostic tool [24—26]. In order to satisfy the growing urgent demand for
wood in the market, it is particularly significant to promote the research and development of high-level
detection and evaluation systems for wood quality and improve the utilization rate of wood [27].

The B-scan imaging technology in ultrasonic testing is a technology using the ultrasonic flaw detection
principle to extract the echo information perpendicular to the designated section of the acoustic beam and
form a two-dimensional image. Its principle is simple, and it can obtain information from different
sections. Although it is widely used, it has not been effectively used in wood defect detection. For
example, using the ultrasonic B-scan method to carry out air-coupled ultrasonic detection research on the
internal quality of wood can quickly and effectively detect the size, shape, and location of wood defects,
such as wormholes and cracks in the wood [28], which can better strengthen the research and
development of wood defects detection and visualization system based on the ultrasonic method. It is
significant to improve the automation, intelligence, and information standards of wood testing equipment,
save wood resources, improve the utilization rate and quality of wood, and promote the sustainable
development of domestic wood processing enterprises practically. Therefore, this paper first invented a
wood defects detection and visualization system based on the dry coupling ultrasonic method. Its main
innovation points are as follows: first, rubber was used as the dry coupling agent, which solves the
problem of serious attenuation of traditional detection ultrasonic signals in the propagation process. The
digital driver M542C was used to control the motor to drive the built circular scanning platform to scan
and test the cross-section of the log specimen. The scanning platform ran smoothly and reliably and
made up for the shortcomings of traditional detection technology [29]. Secondly, the interpolation
algorithm made the image edge of log internal defects smooth and clear and the edge detection algorithm
was used to accurately locate the defects in logs. The ultrasonic B-scan technology was used to detect the
internal defects of logs, the cross-section scanning images were obtained according to the received
transmission wave amplitude, and the detection and visual analysis of the internal defects of logs were
realized through the log specimen test. Finally, the data obtained by ultrasonic B-scan is used for imaging
and image defect recognition, and the accuracy and reliability of log internal defect detection are verified
by comparing the defect locations inside the tested logs [30]. This method is very suitable for detecting
wood internal defects; At the same time, it has obvious advantages such as fast detection, accuracy,
reliability, no pollution, and harm, and is suitable for operations in forest areas.
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2 Materials and Test System

A section of log specimen of Larch (Larix gmelinii (Rupr.) Kuzen), the average diameter class is
250 mm, the height is 105 mm, the average density is 0.45 g/cm’, and the average moisture content is
26%, produced in Heilongjiang Province, China. Set point A on the radial section of the log specimen as
the point with defects, and point B on the cross-section as the point without defects, as shown in Fig. 1.
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Figure 1: Larch log specimen

A set of wood defects detection and visualization system based on the dry coupling ultrasonic method
developed in this paper is composed of hardware circuit, software program, and system client interface,
mainly including cantilever scanning components, ultrasonic probe, stepper motor, core controller
STM32, digital oscillograph, and PC. The hardware circuit design of the system includes the overall
hardware framework design, which can complete the comparison and selection of the main chips of the
module according to the energy consumption of the circuit. The system software program can realize the
environment setting of each software, including the main control flow block design, motor drive,
excitation signal output, receiver signal processing, and other program designs. The system client
interface program design is the interface design of the client’s upper computer [31]. By connecting the
upper computer with the lower computer, setting the baud rate, and checking the bit and other
parameters, the corresponding function debugging and recording of transmission results can be realized.
The main components and functions of the system are shown in Table 1.

Table 1: Main components and functions of the system

Name Function

Digital oscilloscope Real time detection of waveform

Power supply Power supply to drivers and hardware circuits
PC Control core controller

Core controller STM32 Control motor and generate an excitation signal
Motor drive Realize motion control of B-scan

Cantilever scanning components Provides B-scan detection platform

Signal receiving and processing circuit Process the received signal
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3 Methods and Principles

In this paper, the ultrasonic B-scan pulse transmission method was used to identify the internal defects of
logs by receiving the amplitude and location of internal signals of logs through the testing of log specimens
[32]. Among them, the bilinear image interpolation algorithm and edge detection algorithm were used in the
test system invented by the author, which can accurately determine the size and location of the internal
defects of logs and improve the visualization effect of images, respectively.

3.1 Bilinear Image Interpolation Algorithm

Image interpolation algorithm is an important research content in image processing, machine vision, and
other fields. The basic principle is to obtain high-resolution pixel values by interpolating the low-resolution
pixel values in the image, which is a method of image data regeneration [33]. The nearest neighbor
interpolation algorithm and bilinear interpolation algorithm can satisfy people’s basic requirements for
image quality, which are widely used.

According to Franke. B experiment, a linear relationship between adjacent pixels in the same picture was
proved. Bilinear interpolation is an improved algorithm for nearest neighbor interpolation, which considers
both horizontal and vertical pixel changes. The interpolation kernel functions in the horizontal and vertical
directions are approximated as piecewise functions symmetric about the Y axis. The function expression is
shown in formula (1).

1 -]x,0<x<1
f(x) = { 0, Other conditions N

The function graph of the interpolation kernel function is shown in Fig. 2.
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Figure 2: Kernel function graph of the bilinear interpolation algorithm

The basic principle of the bilinear interpolation algorithm is as follows in Fig. 2, (i, j), (i, j + 1), (i + 1, J),
and (i + 1, j + 1) are four-neighborhood in the original image, and the four values are f(i, j), f(i, j + 1), f(i + 1j)
and f(i + 1, j + 1). Now we need to solve for the value of the pixel at a point (i + s, j + t), which is in the middle
of these four pixels. The schematic diagram of bilinear image interpolation is shown in Fig. 3. The values of
the pixel points (i, j), (i, j + |) in the horizontal direction can be used to calculate the value of the pixel point
(1,j tt). The values of the pixel points (i + 1, j), (i+1,j+1) can be used to calculate the value of the pixel point
(i+ 1,j +1t). Finally, the values of the pixel points (i, j + t), (i + 1, j + t) can be used to calculate the value of the
pixel point (i + s, j + t) in the vertical direction [34].

The value of pixel (i + s, j + t) is shown in formula (2).
flt+s, j+0) =X @)+ 00 +1)+mf(+1,/7)+nf(i+1,/j+1) 2

Among them: k, 1, m, and n are undetermined constants, and their four values can be obtained according
to formula (3).
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Figure 3: Schematic diagram of bilinear image interpolation

The value of the pixel to be interpolated (i + s, j + t) can be expressed in formula (4).
flitsi+0=0=)1—0FG )+ 1= i+1)+s(0 -0+ 1) +sfG+1Li+1) @

Obviously, the bilinear interpolation algorithm takes into account the influence of the pixel values of the
adjacent four points on the interpolation as a whole and has a low-pass filtering effect, which can effectively
improve the overall visual effect of the image. In programming, the functions of one-dimensional and two-
dimensional spline interpolation algorithms are most commonly used. Among them, zero and nearest are
0-order interpolation algorithms and nearest-neighbor interpolation algorithms respectively, which are
often applied to first-order interpolation algorithms. Quadratic is a second-order linear interpolation, and
the second-order linear interpolation algorithm is used with a high frequency. However, great differences
existed in the above interpolation methods. For example, in a function y = sin(x), the above interpolation
functions are used to interpolate the sine function [35]. The result is shown in Fig. 4.
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Figure 4: Comparison of different interpolation algorithms
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The bilinear interpolation algorithm uses two straight lines parallel to the coordinate axis to decompose
the decimal coordinate into four adjacent integer coordinate points, and the weight of the pixel value is
inversely proportional to the distance. Obviously, this method can make the image smooth.

3.2 Edge Detection Algorithm

The edge detection algorithm of the image is generated by gray-scale mutation, which is a feature of the
image and one of the important measures of target detection and recognition. The edge detection algorithm
separates the boundaries of different regions in an image. The edge detection algorithm must meet the
conditions of noise suppression and accurate edge location determination. Among them, the most used
edge detection algorithms are the Sobel algorithm and the Canny algorithm.

The Sobel algorithm is a discrete differential operator used for edge detection. The Sobel operator
combines Gaussian smoothing and differential derivation to calculate the approximate gradient value of
the gray-scale image. The basic principle of the Sobel algorithm is as follows:

Supposing the applied image is I, and then performing the following operations: first, taking the
derivative in the X and Y directions and convolving I with an odd number sized kernel Gy in the X
direction. For example, when the kernel size is 3:

-1 0 1
Go=1|-2 0 2| xI (5)
-1 0 1

Then convolving I with an odd number sized kernel Gy in vertical variation, and the calculation result
is:

~1 -2 -1
Go=[0 0 0|xI (6)
1 2 1

The approximate gradient of each point in the image is:

G=4/G*+G/? (M

Part of the code is shown in Fig. 5.

Code diagram of Sobel algorithm detection program

1. import cv2

import numpy as np

img = cv2.imread( ' C: \\Users\\10475\\Desktop\\55.jpg ' » 0)

x = cv2.Sobel(img, cv2.CV_16s, 1, 0)

y = cv2.Sobel(img, cv2.CV_16s, 0, 1)

Scale absX = cv2.convertScaleAbs(x)

Scale_absY = cv2.convertScaleAbs(y)

result = cv2.addWeighted(Scale absX, 0.5, Scale absY, 0.5, 0)

o ® 2N kN

cv2.imshow(' img ', img)
10.  cv2.imshow( ' Scale absX ', Scale absX)
11.  cv2.imshow( ' Scale absY ', Scale absY)

12. cv2.imshow( ' result', result)

Figure 5: Code diagram of Sobel algorithm detection program
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Part of the Canny algorithm code is shown in Fig. 6.

Code diagram of Canny algorithm detection program

1. import cv2

import numpy as np

img = cv2.imread(‘C:\\Users\\10475\\Desktop\\1.jpg’, 0)
blur = cv2.GaussianBlur(img, (3, 3), 0)

canny = cv2.Canny(blur, 50 , 150)

cv2.imshow( ' canny ', canny)

lowThreshold = 0

max_lowThreshold = 100

R A O

ratio =3

_
e

kernel size =3

—_—
—_—

img = cv2.imread( ' luotuo.jpg ")

gray = cv2.cvtColor(img, cv2.COLOR BGR2GRAY)

—_ =
w »

cv2.namedWindow( ' canny demo ')

—_
»

cv2.createTrackbar(‘Min threshold’,” canny demo’, lowThreshold ,

_
b

max_lowThreshold , CannyThreshold)

_
&

CannyThreshold(0)

_
~

if cv2.waitKey(0) == 27:
cv2.destroy AllWindows()

—_
[ee]

Figure 6: Code diagram of Canny algorithm detection program

The basic principle of the Canny algorithm is that the signal-to-noise ratio and localization product is
used to calculate, and the optimal approximation operator will be obtained.

canny = cv2.Canny (image,threshold1,threshold2,edges,apertureSize,L.2gradient). Among them, the
image refers to a single channel gray-scale image, and the parameters thresholdl and threshold2 are
threshold values, where threshold2 is greater than thresholdl. Threshold2 is used to detect obvious
contours. In actual detection, the edges are not consistent, and thresholdl is used to connect the irregular
edges. Among the optional parameters, the aper-apertureSize parameter is the size of the convolution
kernel. The first derivative of edge detection usually produces thicker edges in the image, while the
second derivative has a stronger detection effect on isolated points and noise. The second derivative gray-
scale edge produces a second-order response, which can determine whether the transition of the edge is
from light to dark or from dark to light. Canny is an improved algorithm of Sobel. Compared with the
Sobel algorithm, Canny has a lower error rate, better locating of edge points, and single-edge response.

Based on the advantages of the Canny algorithm, this topic used two algorithms to compare, binarized
the defect image, and then found out the contour of the defect. Through experiments, it was found that the
Canny algorithm has stronger applicability than Sobel.
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3.3 Ultrasonic Detection Method

In this study, the ultrasonic B-scan pulse transmission method was used to identify the internal defects of
logs by receiving the amplitude of the internal signals of the tested logs. As shown in Fig. 7, the test principle
is that a piezoelectric transducer is installed at both ends of the tested wood, and the two ends are the
transmitter and receiver, respectively. The transmitter transmits the high-frequency vibration wave
generated by the piezoelectric patch to the wood to be detected. The acoustic wave will generate
reflection, scattering, and attenuation in different media propagation, and the other end collects the
received acoustic wave. Due to cracks, internal defects, and structural decay of wood, ultrasonic
parameters (propagation time, propagation speed, energy peak, frequency) will be affected. According to
the change of ultrasonic at the receiver, the internal structure and physical characteristics of wood can be
detected. According to the amplitude and time of the received ultrasonic, the internal defects of the log
can be analyzed, the amplitude is formed into a data array, and the data is converted into a color map for
display, and then the defective part is identified by image processing technology and presented to the
upper computer.

Figure 7: Log internal defect test site

The main steps are as follows: fixing the instrument and pressing the key to start the single-chip
microcomputer. The motor will rotate along the log, and each time it rotates by a certain angle, the
single-chip microcomputer will emit a 40 kHz signal to stimulate the ultrasonic probe to work. The
ultrasonic signal will pass through the log, and the signal will be collected to the single-chip
microcomputer for AD conversion. Then the converted data will be transmitted to the upper computer for
ultrasonic imaging. Two algorithms are respectively used to interpolate the image, compare the imaging
resolution, and process the defective image. The edge detection algorithm is used to distinguish the
defective part from the non-defective part.
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4 Results and Analysis

4.1 Test Results

The core controller STM32 transmits a step signal to drive the stepper motor, which operates the
ultrasonic probe on the cantilever to rotate. Whenever a step is rotated, STM32 will transmit a continuous
40 kHz sinusoidal signal as the excitation signal of the ultrasonic probe and collect the signal after
penetrating the log. Due to the received signal being weak and a lot of interference signals being carried,
the signal to noise ratio is usually very small, which will lead to the low reliability of the signal. The
peak signal at the defect is shown in Fig. 8. Therefore, it is necessary to collect and preprocess the
ultrasonic reception signal and send the signal processed by the circuit to the ADC module integrated into
the main controller for A/D conversion.

S 280V

S0.0V Peak-Peak 110V @D Peak-—Peak  400mMY
S00mY 660mY g Frequency 33.36kH2

Figure 8: Peak signal at defect

The detected analog quantity is converted into digital quantity, and the peak value at point A is acquired
by AD acquisition and then uploaded to the upper computer and imported into the imaging system to convert
the analog quantity into a visual image.

The digital quantities transferred from B-scan to the upper computer are put into an array and imported
into the imaging system. According to analysis, it was knowable that the array was rare. The value of the
defect will be significantly different from that of the non-defect. Thus, the analog quantity could be
converted into a visualized image, as shown in Fig. 9. Due to insufficient scanning accuracy and data loss
in data transmission, and there are certain errors in imaging results. Therefore, the interpolation algorithm
can be used to supplement the data and make the imaging smoother.

As shown in Fig. 10, the defects location system can also be used to locate the defect placing at the log
center. Fig. 11 shows the threshold segmentation map of the central defect.

As shown in Figs. 12—14, first, the defective part in the center of the log can be cut; Then, the contour
detection algorithm can be used to find the contour; Finally, the rectangular box is used to identify the contour
and display it on the upper computer.

The above test results show that the defect location system designed in this paper uses image processing
technology to threshold segment the defect image of logs and find out the defective parts, then grays the
defective parts, uses Sobel contour detection and Canny contour detection to locate the contour of defects
and find out the contour of defects, and finally uses rectangular boxes to circle the defective parts and
display them on the upper computer.
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Figure 9: Crack image

Figure 10: Original image of central defect

Figure 11: Central defect map
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Figure 12: Sobel contour detection diagram

Figure 13: Canny contour detection diagram

4.2 Analysis

The imaging system can visualize the defects inside the log specimen through ultrasonic detection data.
Due to the ultrasonic signal’s attenuation and the sampling frequency setting, the data will be lost, and the
generated image will be blurred. In this paper, the nearest interpolation algorithm and the second-order linear
interpolation algorithm were used to interpolate the original image (As shown in Figs. 15 and 16). By
interpolating the defective and non-defective parts, the overall imaging effect of the image was better.

The test results need to analyze the error rate of the image, verify the reconstruction quality of the
defective image (As shown in Fig. 17), and verify the correctness of the image. The relative error (Z2) is
calculated by formula (8).

Z = ISy — S|/S x 100% (8)
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In formula (8), S is the actual defect area of the log, and S is the wood defect area detected by the test
image.

Relative error of crack:

_SF =S| [52.02 — 54.32|
s 54.32
Obviously, the relative error of the crack defect of the log specimen is 4%, and the log defect’s area is

close to the actual defect area of the wood as a whole. Therefore, after measurement, this instrument has
certain practicality, and the accuracy is high.

zZ

— 4% )

Figure 14: Defect identification diagram
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Figure 15: Interpolated image of the nearest neighbor of the crack
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Figure 16: Interpolation image of the second-order linear of the crack
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Figure 17: Defect calculation analysis diagram

5 Conclusions

On the one hand, the hardware system of the log defect detection and visualization system based on the
dry coupling ultrasonic method developed in this study includes the construction of the circular scanning
platform, the selection of the core controller, the ultrasonic excitation module, the signal processing
module, and the motor motion module, etc. The software system mainly includes the design of the upper
computer interface, the algorithm control of the motor, the output of the excitation signal, the ADC
acquisition module, the serial communication, the ultrasonic imaging, the interpolation algorithm, and
the image edge detection algorithm. Among them, the edge of the detected image can be made smooth by
the interpolation algorithm. The edge detection algorithm can be used to accurately detect and reflect the
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location of internal defects in logs. On the other hand, the system’s correctness, reliability, and practicability
are verified by the test of the internal defects of log specimens. To sum up, the system has good application
value in meeting the increasing demand of the market for wood resources, improving the automation level of
wood non-destructive testing instruments, and the comprehensive utilization rate of wood.

Funding Statement: The authors received no specific funding for this study.
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