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Abstract: The change of tire groove depth will have a huge impact on tire performance, and the use
of excessively worn tires is not conducive to the driving safety of automobiles. Tire groove depth
detection has become one of the annual inspection items of automobiles, but the research on its
related detection technology is still relatively backward. Based on the principle of monocular vision
ranging (MVR), image processing technology and cloud platform technology, this paper develops
a tire groove depth detection system, which realizes non-destructive detection of tire groove depth.
In addition, the system uses the cloud platform to store the test results, and builds a multi-level data
management system, allowing car owners to keep track of the tire wear status and historical
changes, which is of great significance to ensuring driving safety.
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1. Introduction

In 2021, the number of civil vehicles in China will reach 301.51 million, and the con-
tinuous growth of the number of vehicles will bring increasing safety issues. In the same
year, a total of 244,937 road traffic accidents occurred, resulting in 63,194 injuries and
258,532 deaths. The traffic accident rate in China is much higher than that of western de-
veloped countries. As one of the main causes of traffic accidents, tire failure has become
an important research direction to ensure tire safety.

Tire tread wear can lead to reduced tire performance [1] (braking distance, critical
hydroplaning speed, etc.), thereby increasing the risk of vehicle driving. GB38900-2020
"Motor Vehicle Safety Technical Inspection Items and Methods" clearly stipulates that the
tire groove depth test item should be added to the annual vehicle inspection. Among
them, the depth of the steering wheel crown pattern for motor vehicles should be greater
than or equal to 3.2mm, and the depth of non-steering wheels should be greater than or
equal to 1.6mm. Obviously, the research of tire groove depth measurement technology
has great social significance and economic value.

Non-destructive testing (NDT) is the main development direction of tire inspection
technology (TIT). Common tire NDT include: phase-shift shearing speckle interference
technology [2], X-ray imaging testing technology [3], ultrasonic testing technology [4],
electrical Pulse detection technology [5], electromagnetic wave technology [6], image
recognition technology [7,8]. The TIT is mainly based on defect detection (damage, air
bubbles, sub-port exit, lack of glue, exposed lines, cracks, etc.) [9], while the development
of related technologies for groove depth detection is still relatively backward, and artifi-
cial depth gauges are generally used for measurement, which has the defects of low effi-
ciency and great human influence on the measurement results. In this paper, based on the
principle of MVR, a method for measuring the depth of tire grooves is designed, and the
design of the detection device is completed. Simultaneously, in order to realize the unified
management of test results, a data management cloud platform was designed and
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developed, and car owners can view the tire wear changes in real time and understand
the tire wear changes to ensure tire safety.

2. Groove Measurement Algorithm
2.1. The principle of MVR

The basic principle of MVR is to use a single camera to shoot the target to be meas-
ured [10], as to obtain the imaging pixel value of the target, and then calculate the actual
size of the target through the imaging ratio of the camera [11]. According to the different
acquisition methods, the imaging ratio can be divided into two types: standard reference
acquisition (SRA) and camera parameter calibration acquisition (CPCA). The principle of
the SRA is shown in Figure 1(a), 5P, is the measured distance, 5,5, is a reference object
whose actual size is known, and they is located in the same plane parallel to the imaging
plane, P'P,and s,s, is the respectively their imaging. If it is known that the actual length
of 5,5, 1is I, the pixel distance in the coordinate system of p'P, and §,5,is /[, and [, the
actual distance /, can be calculated according to the following formula:

= (1)

If the pixel coordinates of the imaging point are: S (x,,v4,) /S, (X5, V5,) s P (Xp1s Y1)
and P)(x,,,v,,) then [, [.can be calculated as shown in formulas (2)and (3):
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Figure 1. Two methods of obtaining reference objects.

Figure 1(b) show the principle of obtaining the imaging ratio through the CPCA. The
CPCA does not need to set a reference, directly uses the calibration method to get the
camera imaging ratio. Only /, be measured and the distance D between the object to be

measured and the lens can be obtained to get the actual size of the object. It can be seen
from Figure 1.b that there is a similar relationship between the triangle op p, and the tri-

angle o p, P, ,50 when the proportional coefficient relationship at different distances D is
known, /, can be obtained through the length /, according to the similarity principle.
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- K (5)

Substitute into formula (2) to get:

l,= K\/(xm _x'm ) +(Vp _y;al ) ©)

When using the SRA to obtain the imaging scale, /, is prone to deviation. Relatively,

the imaging scale obtained by the CPCA is more accurate. For improving the measure-
ment accuracy, there adopts the CPCA to obtain the imaging ratio.

2.2. The principle of MVR

Figure 2 shows a scheme for collecting a tire groove image, which is taken from the
tangential direction of the tire outer profile circular surface to obtain. Preprocessing
groove images by image processing technology to achieve separation of tire groove fea-
tures. the profile information is extracted, then the groove depth is calculated based on
the principle of MVR.

W=

shooting area

Figure 2. Image acquisition scheme.

When the image features are vague, the complexity of image preprocessing will in-
crease accordingly, and light source compensation is required to enhance the target infor-
mation during image acquisition. In this paper, a linear laser is used for compensation,
and the sipe feature is enlarged by irradiating the sipe area [12]. In addition, the tires are
shaded to reduce ambient light interference. The acquired image is shown in Figure 3.

Figure 3. Captured image diagram.

When the background is too large, it will also increase the difficulty of extraction. The
region of interests is extracted to reduce the influence of irrelevant background [13]. By
adding a marquee to the real-time image of the camera and adjusting the positional rela-
tionship between tire and camera. Then the tire pattern is placed in the marquee. After
shooting, crop the selected area to reduce the invalid area of the picture. Figure 4 is a
cropping effect image taken by a 200W pixel camera.

Figure 4. Cropping effect diagram.

2.3. Image preprocessing

The goal of image preprocessing is to separate groove feature information from im-
ages. It is necessary to minimize steps in the processing to prevent distortion caused. First,
grayscale the image. Grayscale refers to converting a three-dimensional channels (RGB)
color image into a one-dimensional grayscale image. Through grayscale processing, the


https://doi.org/10.20944/preprints202209.0284.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 September 2022 doi:10.20944/preprints202209.0284.v1

amount of image data and the input amount of subsequent deep processing can be re-
duced, so the processing calculation amount can be simple. The extraction of groove fea-
tures requires high global changes, and the global mapping method is used for grayscale
processing. Figure 5 shows the operation results of several commonly used grayscale al-
gorithms. It can be found that there is no obvious difference between the advantages and
disadvantages of each algorithm. Here, the weighted average method is used as the gray-
scale algorithm.

(a) Component Method - R

(b) Component method -G

(0) Comgnent method -B (d) Maximum method
(e) Average method (f) Weighted average method

Figure 5. Grayscale effect comparison.

There is an obvious difference between the tire and the invalid background after
grayscale, and setting a reasonable threshold for binarization can separate the tire from
the background. Thresholds can be divided into simple thresholds (ST) and dynamic
thresholds (DT) according to the acquisition methods. The ST is to directly set a fixed
value manually as the global threshold. Due to the influence of tire surface color and light,
it cannot meet the processing needs of various environments, while the DT can be calcu-
lated according to the different images to ensure the applicability of the detection algo-
rithm in different detection environments. Figure 6 shows the binarization results of two
commonly used DT (Otsu method and trigonometry). The Otsu method has well-pre-
served groove details and less noise. The trigonometry basically loses the groove charac-
teristics and has more noise points, so here The Otsu method is used for dynamic thresh-
old calculation.
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Figure 6. Comparison of binarization results.

2.4. Calculation of groove depth

After preprocessing, the tire is basically separated from the invalid background, and
the pixel coordinate system shown in Figure 7 is constructed. The collection of maximum
coordinate points constitutes a scatter plot of the tire surface profile, and the results are
shown in Figure 8.

Figure 7. Image Coordinate System.
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Figure 8. Tire Surface Profile.

Aiming at the extraction of grooves in tire profile, this paper proposes an extraction
algorithm based on polynomial fitting method. By fitting the tire surface tangent, com-
bined with the actual pattern change of the tire to calculate the depth of the tire groove.
Table 1 and Figure 9 are the comparison of the fitting results of different orders of poly-
nomials. It is found that when the fitting formula reaches the sixth order and the order of
the formula is increased, the increase rate of the residual sum of squares and R square is
significantly slower than that of the fourth and fifth orders, and the fitting curve no longer
changes significantly. Therefore, the sixth-order polynomial as a fitting formula has satis-

fied needs.

Table 1. Comparison of fitting effects.

Fitting order Quantity residual sum of squares R squared
fourth order 1238.84928 0.95055
fifth order 1149.25383 0.95413
sixth order 858.41735 0.96574
seventh order 825.21358 0.96706
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Figure 9. Comparison of fitting results.

Figure 10 shows the calculated difference between the fitted curve and the Y coordi-
nate of the contour point. The groove depth is extracted through some steps, and 4 groove
pixel coordinates are obtained. The pixel coordinate depth value is # . When the imaging
scale coefficient obtained by calibration is K, the actual distance H is calculated by the
following formula:

H=HK (7)

Fitting curve—contour point difference
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Figure 10. The difference between the fitted curve and the contour point.

3. Detection device

The detection device consists of a detection stand and detection software. Based on
the above groove measurement algorithm image acquisition scheme, the structure of the
equipment is designed, and the matching software is developed.
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3.1. Test stand

Through the analysis of the image acquisition scheme of the groove measurement
algorithm, the detection bench as shown in Figure 11 is designed. In addition to the lasers
and depth cameras required for depth measurement, three defect detection cameras are
added, and inspectors can manually detect tire surface defects through the cameras.

laser -

outer frame

defect detection

depth camera _ camera 2

rotating mechanism
defect detection

carmera |

defect detection =~
camera 3

Figure 11. Test stand.

3.2. Detection software

The main functions of the inspection software include the collection and processing
of the tire image information of the inspection device, the display of the inspection results,

and the transmission of the inspection results to the data management platform. Table 2
lists the main functions of the interface.

Table 2. Detection software interface and functional composition.

Interface composition Function introduction
Login interface User login
Detection interface Mode options, camera preview, vehicle data

query, data upload, log view, test result display

Figure 12 shows the detection software architecture, which is divided into two parts:
the interaction layer and the data processing layer. The interaction layer is the software
interaction interface, which mainly realizes event triggering, information display, etc., in-
cluding two interfaces of login and detection. The data processing layer includes network
communication module, video module and detection module.
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Figure 12. Detection software framework.

The detection software is written in python. Figure 13 is the effect diagram of the
detection software detection interface. Including detection vehicle query window, detec-
tion mode selection, access camera and tire detection result display, etc.
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Figure 13. Detection interface.

3.3. Device testing

The error tire profile extraction of groove measurement method is related to groove
calculation. Table 3 shows the measurement results of new and ageing tires using the test-
ing device. Taking the measurement results of the electronic depth gauge as a reference.
In the comparison of the testing results, the average error of the new tire is 0.16mm, and
the difference between the maximum error and the minimum error is 0.07mm. The aver-
age error of used tires is 0.16mm, and the difference between the maximum error and the
minimum error is 0.07mm. The maximum error of the 8 measurement results is 0.2mm.

Table 3. Comparison of measurement results

Tires (unit: mm) Depth Gauges phot.ogr.ammetry Rel.ati.ve
Measurement Quantitative method  deviation
groove 1 7.61 7.74 0.13
New groove 2 7.74 7.89 0.15
tireT125/80R18 groove 3 7.69 7.89 0.20
groove 4 7.62 7.78 0.16
groove 1 5.07 5.26 0.19
old tire groove 2 5.43 5.60 0.17
245/45R18  groove 3 5.54 5.66 0.12
groove 4 5.02 5.18 0.16

4. Data Management Cloud Platform
4.1. Functional Analysis

The management platform is developed with a front-end and back-end separation
structure, mainly for cloud storage and management of tire test results, realizing the mon-

itoring of groove wear changes in the tire life cycle.Figure 14 shows the functional struc-
ture, which is mainly divided into three parts.

Figure 14. Functional composition of the platform.

Vehicle inspection information management can perform historical inquiry on vehi-
cle inspection information, so that inspectors and car owners have a comprehensive un-
derstanding of vehicle tire wear changes, and can simply analyze abnormal tire wear.
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Table 4 shows the common abnormal wear and causes of tire grooves. When abnormal
wear occurs, the platform will remind the possible causes accordingly.

Table 4. Common abnormal wear and cause analysis of tire grooves.

wear phenomenon possible reason
The middle groove is severely worn tire pressure too high
Severely worn grooves on both sides Low tire pressure, prolonged overweight
Severe wear on one side groove Incorrect targeting parameters

The function of the suspension system is reduced,
Serious wear on a single tire the supporting parts are bent and deformed, and
the dynamic and static balance problems

User management consists of three types of users: super administrator, store and in-
spection personnel, which can classify and manage inspection vehicles according to dif-
ferent users. The vehicle information management adopts the vehicle filing mechanism,
and through the advance filing of basic vehicle information, a data management system
with a single vehicle as the smallest unit is constructed.

4.2. Functional Analysis

The platform is developed based on Vue (front-end framework), springboot (back-
end framework), and mysql database. Figure 15 is a partial platform implementation ren-
derings.

(c)Manufacturer account management  (d) Vehicle information management

Figure 15. Functional composition of the platform.

5. Conclusion

Based on the principle of MVR and image processing technology, this paper realizes
the measurement of the depth of the tire groove by taking pictures of the tire groove at a
specific angle. According to the measurement algorithm, the structure design of the test-
ing bench is carried out, and the matching testing software is developed. In order to real-
ize the unified management of detection data, a data management cloud platform is built
based on cloud platform technology. This paper has completed the research of tire groove
depth measurement algorithm, the design and development of detection device and re-
lated software, which is of great significance to ensure tire safety and reduce traffic acci-

dents.
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