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Study on Performance Variation of Machine Vision according to
Velocity of an Object and Precision Improvement by Linear
Compensation
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Abstract In this paper, performance analysis of machine vision techniques is presented to improve the convenience
and speed of automatic inspection in the industrial field when machine vision is applied to the image not taken in
the stationary state, but in the moving state on a conveyer. When the length of cylindrical rods used for automobiles
was measured using the edge detection method, the conveying speed increased, and the uncertainty of the boundary
between the background and the part image increased, which resulted in a shorter image of the object taken. This
paper proposes a linear compensation method to predict the biased errors of the length measurements after examining
the pattern of biased and random errors, respectively, with 6 different types of specimens and 7 velocity stages. The
length measurement corrected by the linear compensation method had the same accuracy as the stationary state within
the speed range of 30 cm/s and could enhance the application capability in automatic inspections.
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Fig. 1. Photos of rods used for solenoid valves

Table 1, Dimensions of rod-specimens measured by

vernier caliper

Fig. 3. Gray image of a rod with line ROI
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Fig. 2. Experimental setup for machine vision to
measure the length of rods on a moving

conveyor
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Type length (mm) End shape l Tl @ oA 24 l
Type A 24.09 Flat, Protruding
Type B 26.10 Flat, Protruding
Type C 26.30 Flat, Protruding Z—:IO]@'%L? N Y nages of
Type D 30.20 Flat, Protruding v
Type E 37.39 Flat, Round l AE HUFOR o|% l
Type F 39.50 Round, Round Fig. 4. Flow diagram of automatic inspection based on

machine vision.

Table 2. Specification of camera system

Image sensor 1600 x 1200 (pixel)
Field of view 55.36 mm (horizontal)
Resolution
(based on 2 pixels) 0.07 mm
Shutter speed 50 frame/s
Velocity of conveyor 0~ 0.36 m/s
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Table 3. Rod lengths calculated by machine vision in
stationary state

standard
pe | TR devaion .
(Pixel)
Type A 696.20 0.02 0.00
Type B 754.46 0.02 0.01
Type C 760.40 0.01 0.01
Type D 872.35 0.02 0.01
Type E 1079.65 0.07 0.03
Type F 1142.70 0.02 0.03
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Fig. 5. Gradient profile of pixel values along line ROI
in three velocities (D: 0 cm/s, @: 15 cm/s, 3
36 cm/s)



24ge) S0 G HAEA) Yot 4

'l

FEAA] o A=

ot

ao
‘|' —e
38
35
34
——a
32 —-—B
30 -=-=-—-_-_._=-=_-_ —&—C
—=—D
28
. —8—E
26 = ———y
—e—F
24
—
2z
Vel.
20
T T T 1 (cmls)
o 10 20 30
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Fig. 7. Average bias (pixel) in length measurements
when the velocity of rods increased
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Fig. 8. Standard deviation (pixel) in measurements
when the velocity of rods increased
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Table 4. Biased errors of rod lengths after compensation

Type before compensation after compensation

max. error (mm) max. error (mm)
Type A 0.42 0.01
Type B 0.43 0.01
Type C 0.42 0.02
Type D 0.38 0.03
Type E 0.35 0.02
Type F 0.39 0.03
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Fig. 11. Biased error (pixel) of rod lengths after
compensation according to the velocity of
objects
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