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Dimensional metrology ensures that manufactured components meet precise dimensions, shapes, and geometric
features. Automatic measurement of mechanical profiles faces challenges such as high costs and the need for skilled
operators. In this study, a semi-intelligent automated measurement method based on machine vision was developed to
reduce measurement time and minimize human error. Accordingly, a manual vision measurement system was
retrofitted and automated. A two-stage algorithm was designed for this purpose. In the first stage, a side-mounted
camera automatically detected and localized parts placed on the worktable without manual intervention. In the second
step, a measurement path was generated to enable image measurement of the part profile. Next, the collected data from
the previous step was reconstructed into a two-dimensional point cloud for dimensional analysis. A Windows-based
graphical user interface (GUI) was developed to enhance the system’s usability and overcome the limitations of the
original device software. Standard gauges for length, angle, and thread dimensions were used to obtain the 2D profile
and check the accuracy of the presented system. Furthermore, profile dimensional measurement of a standard ANSI
40A26 sprocket was carried out to explore the efficiency of the presented algorithm in actual working conditions. The
developed system achieved an average measurement accuracy within 10 pm, with an average deviation of 15 pm
compared to CMM-based measurements. However, the current system is limited to two-dimensional profile
measurements of components. The results confirmed the system’s measurement precision and demonstrated its
potential as a cost-effective solution for dimensional inspection.
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Fig. 3 Linear motion system of the device under study
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Fig. 8 Designed plastic mount for attaching the camera to the device
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Table 1 Specifications of the stepper motor used in the measuring system
Pitch angle
o) Model
320 42 X 40 X 40 1.8

Weight (grams) Dimensions (mm)
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Fig. 6 Stepper motor mounting configuration on the X-axis
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Fig. 7 Stepper motor mounting configuration on the Y-axis
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Table 2 Standard length and angle gauges employed for the calibration of
the device

Gauge name Reference length or angle Error

100 mm gauge block 100.00 10 pm

30 mm gauge block 30.00 10 pm
30, 60, and 90 angle gauge 30.00° - 60.00° - 90.00° 0.01 deg
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Fig. 12 Global coordinates (position-detecting camera) and local

coordinates (device-mounted camera) in the measuring system under
study
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Fig. 15 Algorithm for reconstructing partial images and creating the
part’s point cloud
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Fig. 21 Measurement device output for the 30 mm block gauge
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Table 4 Measurement results of the 30 mm gauge

Standard

Test Number 1 2 3 4 Mean .
deviation

Length (mm) 30.00 30.01  30.00 30.00 30.0025 0.005
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Table 3 Measurement results of the 100 mm gauge

Test 2 3 n Mean Stal.ldafrd
Number deviation
Length
100.00 100.00 100.00 100.00 100.00 0
(mm)

38lae iweene (sl oo Ve S SOl s o 5
ol G155 padle ol elel (655551l oKy
ez 5355 (6550513l 3Ty ubiol cpal 1 ol 00 ola
alone 25 oo bl ) 5 oslial L g 053 o) L
A3 Lo Ty oad esliiwl 3l aliwl 2uS Ve S0 el sais

Volume 25, Issue 10, October 2025



o dedgy e 53 Jaud BB 3)Slae (g loppgal ugd
ol 4L 31 85lial dghs

VWV

e R B

Pick 1st point
09)y & 5303l ozgy> YF S
Fig. 23 Measurement results of the thread gauge

0955 &S (55051l il # Jgao

Table 6 Measurement results of the thread gauge
Variable name

Reference Value Measured Value

Pitch (mm) 2.822 2.83
Thread height (mm) 1.807 1.81
Angle (degree) 55 55
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Fig. 25 Measured standard sprocket and software output

2 2o 51 45 68 g ol kB ((2yl5 8 pslie ol y ogde
cl oads 0313 LEaled ¥ Jgaz 53 el sl s dy dehad b

2255 &2 650510 il ¥ Joa

Table 7 Measurement results of the sprocket

Variable name Reference Value Measured Value
Outer diameter (mm) 112.217 112.22
Pitch diameter (mm) 105.359 105.36

Pitch (mm) 12.70 12.70

1808 yo0 Ve oylad (YO )9

Ohlen g G oy TEA

asl; (_g):Soﬂ.xil &y 0ads oslasiuwl @SYY S

Fig. 22 Gauge used for angle measurement
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Table 5 Measurement results of the angle gauge

Test Number 1 2 3 Mean Sta',ld?rd
deviation
Angle gauge 30° 30.00  30.01 30.00 30.0033  0.0058
Angle gauge 60° 60.00  59.99 60.00 59.9966  0.0058
Angle gauge 90° 90.00  90.00 90.00 90 0
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