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ABSTRACT   

In recent times, it has become popular to use the 3D scanner for the purpose of measurement remotely due to its 

accuracy and efficiency in scientific research. However, there is no clear approach for calibration of the scanner 

accuracy. Consequently, the use of gauge block in calibration process is one of the robust methods of high-

precision calibrations. This work proposes a new procedure to evaluate the calibration of the 3D scanner, 

specifically adjusting the dimensions of the measured objects based on the high precision of standard gauge 

blocks. The proposed procedure focuses on scanning a set of standard gauge block samples of known lengths, 

after which the digital models of these samples are analyzed to obtain the accuracy of the 3D scanner. In 

addition, a linear fitting relationship was obtained to predict the original length of the object measured by the 3D 

scanner. Consequently, the results of current study show that the fitting equations give us the true length of the 

product after substituting the length values determined by the 3D scanner into these equations. Therefore, the 

proposed procedure offer significantly higher accuracy of length measurements compared with 3D scanner 

measurements. 
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INTRODUCTION 

The 3D scanning technology is one of the important applications in reverse engineering, where the scanner 

converts the physical object into a digital model without contact with the measured object. Nowadays, the 3D 

scanner is widely used in inspection and measurement due to its accuracy and robustness, therefore the scanner 

accuracy directly affects the accuracy of product geometry in the industrial and medical fields. Several 

researchers have presented methodologies for calibrating the 3D optical scanners based on conducting 

acceptance tests according to the manufacturer's specifications and verification tests for these scanners [1-4]. 

Other researchers focused on evaluate of the accuracy of laser scanners by achieving many goals. Authors aimed 

to check whether there is an error stated by the manufacturers of the scanners, to determine the repeatability of 

the 3D models created by the laser scanners, and to determine whether the errors for one lower-cost laser 

scanner are comparable to those of four higher-cost laser scanners [5]. In order to increase scanner 

measurements, accuracy a feed-forward back propagation (FFBP) neural network has been used as mentioned in 

[6]. Three-dimensional optical scanning process depends on the reflection of the surface of the object to be 

converted into a digital model.  

Therefore, it is necessary to paint the surface of the object before the scanning process to reduce reflection and 

increase the scanner's measurement accuracy. Consequently, there are effects of coating material and coating 

thickness on the accuracy of the 3D scanner [7-8]. Reverse engineering technique (RE) to convert digital data as 

(STL) format into CAD model by modifying the points of the cloud of the digital model was presented in [9]. In 

previous works, Galantucci et al. implemented a new calibration method of photogrammetric scanners to 

achieved high precision value in feature digitization of dummy face. The method tests the accuracy and 

precision parameters of the scanning system which is useful in improving the performance of any scanning 

devices. They presented a powerful validation method for scanning systems, to allow reproducibility, operator, 

and system errors to be analyzed. Moreover, the method is comprehensive and easy to use [10]. Javaid et al. 
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attempted to find dimensions error in the scanning procedures and the best process parameters for using a 3D 

scanner. COLIN and UNIGRAPHICS software's were implemented with the help of the scanner to convert a 

physical object into cloud data or CAD file. Tensile test specimens were chosen to verify the scanning accuracy 

of the products. 

When comparing the proposed method with the 3D touch probe, the scanning process is more efficient because 

it is easy to measure complicated geometry products [11]. Vagovský et al. evaluated the measuring ability of the 

3D optical scanner. In this paper, the measuring ability of a hard metal rod which is a cutting tool, e.g. end mill 

has been studied. The problem was the evaluation of the measuring ability of the 3D optical GOM ATOS Triple 

Scan II Scanner when measuring dimensions, that is, the diameter of the tool, using different measurement sizes. 

Knowledge of the ATOS 3D Scanner's capabilities in reverse engineering and measurement processes is a 

contribution of this work [12].  Chan et al, studied the reliability and modeling procedure of laser and white light 

scanners using different convergences to investigated the reproducibility of digitized crowns. They applied a 

white light optical scanner and red laser light scanner. The authors conclude that three-dimensional light 

scanning was not affected by the convergence angle except in the 0°-5° range.  

Trimming the dies greatly affected the accuracy of scanning [13]. Chul et al. determined the best scanning 

strategy and type of scanner, using a new protocol to evaluate the accuracy of intraoral scanning data. They 

proposed two continuous methods of scanning strategies, namely (CH group) and (CV group).  It is observed 

that The CV group produced significantly inferior outcomes compared to other groups, in terms of trueness [14]. 

Pandey developed an external calibration approach to estimate the rigid body transference between a camera 

system and a laser scanner [15].  Albdairy proposed an algorithm for data processing extracted from the point 

cloud in order to achieve features of object and mathematical expression [16]. Several studies worked to develop 

the image-to-patient registration approach [17-21]. From the previous researches mentioned above, it can 

summarize that there is no general methodology for calibrating the 3D optical housing, as these researches 

addressed the calibration problem and find the accuracy individually and independently. Therefore, this work 

proposes a new comprehensive procedure for evaluating the accuracy and calibration of the 3D scanner. 

MATERIALS AND METHOD 

The method applied to evaluate the calibration of the optical scanning process involved selecting ten gauge 

block samples of different lengths, applying a coating to these samples, scanning gauge block samples to create 

a digital model, measuring the length of the digital model, comparing the results of the lengths of the digital 

models to the original lengths of the gauge block samples, and analyzing the result of geometric variations. 

Calibration of gauge block is one of the most important high precision calibrations made in dimensional 

metrology and exporter of length standardization of industrial applications. Consequently, scanning process 

calibration is applied based on gauge block length. To generate the digital models, ten gauge block samples of 

different lengths were chosen. The lengths of these samples are: 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 mm.  The 

surfaces of gauge blocks are shiny or specular and have high reflection which affects the quality of the digital 

model. Therefore, it is necessary to apply a layer of paint to them before scanning. Despite the difficulty in 

painting the gauge blocks, they were carefully painted with the matte coating to avoid surface reflection and 

increase the quality of measurement. Figure 1 shows the gauge block before and after painting. In this work, the 

thickness of the coating layer was measured by a portable measuring instrument, namely coating thickness 

gauge TT260. The readings of the device for coating thickness were taken on both sides of the gauge block 

sample since the thickness layer will increase the length of the gauge block sample a little, and after taking the 

scanner reading, this coating thickness is subtracted. 
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Figure 1.  Typical gauge block sample before and after the painting. 

Gauge block samples were scanned using EINSCAN-S 3D SCANNER. The EINSCAN-S 3D SCANNER is a 

combination of a structured light 3D scanner and a turntable as shown in Figure 2. Its accessories include USB 

cables (X2), VGA video cable with HDMI adapter, calibration pattern assembly, and power cords. The scanner 

outputs in standard file formats such as STL. In automatic mode current scanner allows to scan objects with a 

dimension of 200 x 200 x 200 mm and in free mode in dimensions of 700 x 700 x 700 mm. With the rotating 

platform, objects can be scanned in less than 3 minutes. The length of the digital model of gauge blocks was 

measured using the Fusion 360 in two manners. The first one is to determine the length of the upper surface of 

gauge block, and it will be called the measures of this group by Set 1, while the second manner when the length 

of the side surface is measured, and it will be called Set 2 as shown in Figure 3. The values of   Set 1 and Set 2 

represented an average of three-time measures length of digital models using Fusion 360 program after scanning 

process as shown in Figures 4 and 5.    

 

Figure 2. Einscan-S 3D Scanner. 

 

Figure 3. Scheme illustrating the manners of measured lengths of digital model. 
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Figure 4. Measured length of first manner Set 1. 

 

Figure 5. Measured length of second manner Set 2. 

RESULTS AND DISCUSSIONS 

The digital models of the gauge blocks obtained through the scanning process were processed to measure the 

lengths using a Fusion 360 program, as this process was repeated three times for each gauge block for the 

purpose of obtaining the average of the three readings per block gauge. Table 1 shows the average of length 

measures for gauge blocks in two manners Set 1 and Set 2. Figure 6 represents the variance of the length 

measurement error of the gauge block measured according to the first manner Set 1, while Figure 7 represents 

the variance of the length measurement error of the gauge block measured according to the second manner Set 

2. With regard to set 1, we notice that the variance of the measured length error is large at the terminal of the 

curve, e. g.  Lengths 10 mm and 100 mm are not appropriate to be measured with such type of scanner.  

However, the range of measured length error from 20 to 80 error is small and meaning that the scanner has the 

ability to measure these lengths with little error. Consequently, the scanner image of the gauge block of lengths 

of 10 is distorted as shown in Figure 8. A typical scanner image of a 50 mm length can be seen in Figure 9. On 

the other hand, it can be noted that the measured length error is slight for lengths from 10 mm to 80 mm in 

relation to the other manner Set 2. Therefore, it can be concluded that the current scanner is unable to provide 

acceptable results when measuring precise objects whose length is less than 10 mm or large objects that have a 

length greater than 80 mm. 
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Table 1.  Measured lengths of gauge block samples. 

 

Figure 6. The variance of the length measured error of Set 1. 

 

Figure 7. The variance of the length measured error of Set 2 

Number of 

gauge block 

Original Length 

mm 

Measured length 

of set 1 

mm 

Measured length 

of set 2 

mm 

The   paint 

thickness of 

right side 

µm 

The   paint 

thickness of left 

side 

µm 

1 10 9.4333 9.800 36.26 28.70 

2 20 19.820 19.765 27.9 31.15 

3 30 29.983 29.973 32.25 32.25 

4 40 40.173 40.127 32.45 36.35 

5 50 50.100 50.017 34.43 29.50 

6 60 60.200 60.067 35.3 31.30 

7 70 69.767 69.673 28.85 40.7 

8 80 80.063 79.783 42.85 31.85 

9 90 89.866 89.467 37.05 42.55 

10 100 99.450 99.200 38.40 27.90 
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Figure 8.  Scanner image of gauge block of length of 10 mm. 

 

Figure 9.  Scanner image of gauge block of lengths of 60 mm. 

As an analysis of the results, a relationship is found between the original length of the gauge block as responses 

and the measured length as inputs by the scatterplot technique. Consequently, the scatterplot technique was 

applied in the current study using Origin software. Origin is a proprietary computer program for 

interactive scientific graphing and data analysis Figures 10 and 11 show scatterplots of original length vs 

measured length of Set 1 and Set 2 respectively. From these figures, it is clear that there is a strong linear 

relationship between the original length (Lo) and measured length (Ls).  Curve fitting is one of the most 

powerful analysis techniques in Origin. The correlation between measured lengths (independent variables) and 

the original length (dependent variable) was examined, with the aim of determining a "best linear fit" model of 

the relationship. Figure 12 and Figure 13 show a linear fitting model of original length vs measured length of 

Set 1 and Set 2 respectively. After that, a new fitting is applied for contiguous points on the fitting line in order 

to obtain the best fitting and a new linear fitting equation as the current software possesses this possibility as 

shown in Figure 14. Continuously, this procedure was repeated in the form of three attempts. The first attempt 

was made for all ten points to not extract a general equation for fitting, and the second attempt was conducted 

for five points twice and finally, the third attempt was made for three points four times and Table 2 and Table 3 

show the equations of the linear fitting model that were obtained from these attempts for Set 1 and Set 2 

respectively. 

https://en.wikipedia.org/wiki/Plot_(graphics)
https://en.wikipedia.org/wiki/Data_analysis
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Figure 10. Scatterplot of original length vs measured length of Set 1. 

 

Figure 11. Scatterplot of original length vs measured length of Set 2. 

 

Figure 12. Linear fitting model of original length vs measured length of Set 1. 
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Figure 13. Linear fitting model of original length vs measured length of Set 2. 

 

Figure 14. New fitting is applied for a contiguous point on the fitting line. 

Table 2. Linear fitting equations that were obtained from Origin for set1.  

first attempt was fitted 10 points  second attempt was fitted  5 points third attempt was fitted  3 points 

equation y = a + b*x 

Intercept  = 0.17095 ± 0.19859 

Slope       = 1.0002 ± 0.00321 

 

 

equation y = a + b*x 

Intercept  =0.65697 ± 0.14559 

Slope       = 0.9834 ± 0.0044 

equation y = a + b*x 

Intercept  = 0.84533 ± 0.13729 

Slope       = 0.97317 ± 0.00642 

equation y = a + b*x 

Intercept  -0.02602 ± 0.24644 

Slope       = 0.99868 ± 0.00486 

equation y = a + b*x 

Intercept  = -0.92778 ± 0.55299 

Slope       = 1.01416 ± 0.00683 

 

equation y = a + b*x 

Intercept  = 0.54908 ± 1.13175 

Slope       = 0.99532 ± 0.0141 

equation y = a + b*x 

Intercept  = -2.51481 ± 0.55794 

Slope       = 1.03115 ± 0.00619 
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Table 3. Linear fitting equations that were obtained from Origin for set 2.  

first attempt was fitted 10 points  second attempt was fitted  5 points third attempt was fitted  3 points 

 

equation y = a + b*x 

Intercept  = -0.04931 ± 0.16343 

Slope       = 1.00591 ± 0.00265 

 

equation y = a + bx 

Intercept  =0.36217 ± 0.09833 

Slope       = 0.99214 ± 0.00297 

equation y = a + b*x 

Intercept  = 0.3879 ± 0.14063 

Slope       = 0.99134 ± 0.00656 

equation y = a + b*x 

Intercept  --0.1556 ± 0.22852 

Slope       = 1.00302 ± 0.00451 

equation y = a + b*x 

Intercept  = -1.20778 ± 0.27743 

Slope       = 1.02047 ± 0.00343 

equation y = a + b*x 

Intercept  = -0.69378 ± 0.86992 

Slope       = 1.01391 ± 0.01087 

equation y = a + b*x 

Intercept  = -2.05571 ± 0.18731 

Slope       = 1.02959 ± 0.00209 

 

 As the first test for these equations extracted from the fitting process, the values of the measured lengths with 

the scanner of Table 1 were compensated in these equations and to obtain new values for the first and second 

groups shown in Tables 4 and 5 for Set 1 and Set 2 respectively. Continuously, it is noticeable that these values 

are very close to the real values in the first, second, and third attempts as detailed in Tables 4 and Table 5. 

Table 4. Values of the measured lengths of scanner after substituting in fitting equations for set 1. 

Table 5. Values of the measured lengths of scanner after substituting in fitting equations for set 2. 

No. of 

gauge 

block 

Original 

length 

mm 

Measured length of set 

1 

mm 

Length of set 1 

after first 

attempt of fitting 

mm 

Length of set 1 

after second 

attempt of fitting 

mm 

Length of set 1 

after third 

attempt of fitting 

mm 

1 10 9.368 9.549 9.869 9.962 

2 20 19.760 19.944 20.089 20.076 

3 30 29.919 30.104 30.079 29.961 

4 40 40.107 40.294 40.098 40.028 

5 50 50.036 50.225 49.862 49.944 

6 60 60.133 60.324 60.057 60.028 

7 70 69.697 69.890 69.756 69.920 

8 80 79.989 80.183 80.193 80.163 

9 90 89.787 89.984 90.130 89.915 

10 100 99.384 99.582 99.863 99.965 

No. of gauge 

block 

Original Length 

mm 

Measured length  

of set 2 

mm 

Length of set 2 

after first 

attempt of 

fitting mm 

Length of set 2 

after second 

attempt of fitting 

mm 

Length of set 2 

after third 

attempt of fitting 

mm 

1 10 9.7350 9.743 10.021 10.039 

2 20 19.7062 19.773 19.914 19.924 

3 30 29.908 30.036 30.036 30.038 

4 40 40.060 40.248 40.108 40.026 

5 50 49.952 50.199 49.922 49.948 

6 60 60.000 60.305 60.020 60.025 

7 70 69.663 70.026 69.882 69.939 

8 80 79.708 80.130 80.132 80.124 
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VERIFICATION 

The fitting equations obtained in the current work give us the true length of the product after substituting the 

length values determined by the 3D scanner into the equation. To verify the fitting equations, a new sample is 

designed and produced by a CNC cutting machine. Then the model is painted and a scanning process is 

performed to extract the length values and substitute these lengths into the regression equation. Figure 12 shows 

the new sample before and after the painting to verify the regression model.  According to Table 6, the 

regression equation actually gives the true values of the lengths. 

 

Figure 15. A new sample before and after the painting. 

Table 6.  Lengths of new sample to verify the regression equation.  

Length 

Original 

length 

 

(mm) 

measured length 

by scanner  of 

first manner 

(mm) 

measured length 

by scanner  of 

second  manner 

(mm) 

Calculated length 

using regression 

equation (1) 

(mm) 

Calculated length 

using regression 

equation (2) 

(mm) 

L1 24.920 25.750 24.730 24.931 24.903 

L2 44.900 45.000 45.000 44.914 44.980 

CONCLUSIONS 

Calibration of gauge block is one of the robust methods of high-precision calibrations that are performed in 

dimensional measurement. Consequently, in the present research, the 3D scanner calibration procedure is 

applied by comparing the lengths of the scanned models to the lengths of the standard gauge block. The 

procedure focuses on scanning a set of standard gauge block samples of known lengths, after which the digital 

models of these samples are analyzed to obtain linear fitting equations. This procedure offers significantly 

higher accuracy of length measurements compared with 3D scanner measurements. The apparent improvement 

in measuring lengths after the scanning process was based on the use of fitting equations.  Therefore, the current 

method allows us to know the true length of the parts after the scanning process is carried out with high 

accuracy and improve the performance of the 3D scanner. 

 

 

 

 

9 90 89.387 89.866 90.009 89.937 

10 100 99.133 99.670 99.955 100.011 
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