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Abstract. In order to consider the visual inspection utilizing the peripheral 
vision, this paper examines the inspection times that affect defect detection. The 
fixation duration and the distance between defect and the fixation point are 
experimental factors in determining the inspection time. As the result, in case of 
a large sized defect, the detection rate is high regardless of the fixation duration 
and the distance between the defect and the fixation point. In case of a small 
sized defect, when the fixation duration is longer and the distance between the 
defect and the fixation point is closer, the defect detection rate is higher. 
Moreover, as the result of conducting multiple linear regression analysis about 
the experiment factors, it is obtained that judging from standardized partial 
regression coefficient of factors, higher defect size, less the distance between 
defect and the fixation point, the higher fixation duration, is proved to improve 
the defect detection. 

Keywords: Visual inspection, Inspection time, Peripheral vision, Effective 
field of view. 

1 Introduction 

In order to prevent the escape of defective products into markets, the strict inspection 
of products is carried out in Japanese manufacturing industries. There are two types of 
inspections, functional inspection and appearance inspection. In functional inspection, 
the motion and efficiency of the products is inspected and in appearance inspection, 
small visual defects like scratch and stain are checked. Automation of functional 
inspection has advanced whereas the automation of appearance inspection is very 
difficult and greatly depends on the visual inspection by workers’ eyes. Generally, the 
area which can be processed by the visual stimulus is called field of vision [1]. In the 
field of vision, the area within 1~2[°] of the center of the retina is called central visual 
field and the surrounding area is called peripheral vision. The spatial resolution of the 
field of vision reduces remarkably when moving far from the center of retina [2]. This 
is due to the effect of two types of cells in that are distributed in the field of vision. 
Two different cells distributed un a field of vision have an influence on the human 
sight, one is a cone cell having the functions to distinguish colors and to view objects 
clearly in the central visual field. The other is a rod cell having the functions to 
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distinguish luminance sensitively and cannot distinguish colors in the peripheral 
visual [3]. 

This difference in the distribution of the cells affects the human behavior of 
searching for something. When humans search for objects, first a wide range is 
searched using peripheral vision and then the item is searched using the central vision 
which has high precision. To increase the efficiency of search by reducing the 
information the eye needs to process. Specifically, low level processes like clustering 
and detection of properties use peripheral vision and then high level processes like 
discrimination of object is carried out [4]. 

However, in actual visual inspection, in order to thoroughly inspect, the central 
vision is mainly used. This increases the amount of information that needs to be 
processed and is thought to reduce the work efficiency. In other words, there is the 
need to use both central and peripheral visions properly and therefore the 
development of the new visual inspection method that does not only use the central 
vision, but also the peripheral vision is needed [5]-[9]. 

In actual visual inspection, the detection of scratches, the stain irregularity in color 
etc. is necessary and the deciding whether the product is defective or non-defective 
depends on the size and depth. Furthermore, high-mix, low-volume production is 
advanced recently and the inspection of various products is necessary which causes 
other difficulties, for instance, same size scratches can be within the standard for one 
object but otherwise for another object. Furthermore, the standard is different 
according to the need of the customer, even though is for the same object. If the defect 
that is within the standard is decided as the defective product, over kill occurs which 
causes financial loss, and if the defect that is not within the standard is decided as non-
defective, Escape occurs which causes the flow of defective product to markets. 

Actually, inspection methods should be changed according to the quality demand 
of the customer, but in actual visual inspection, single inspection method is 
continuously used since there is the limit in the inspection time in order to maintain 
fixed productivities. Therefore, in this study, appropriate inspection method is 
examined by considering the factors that affects the inspection time. 

2 Factors of Affecting the Inspection Time 

In visual inspection, the time required to inspect products can be defined using the 
number of fixation points and the time needed for fixing the fixation points. 
Normally, the characteristics in the design of the product are used as fixation points, 
and by fixing these points in order assure that the product is thoroughly inspected. 
The inspection time increases when the fixation duration of the fixation points and the 
number of fixation points are increased. 

The length of the inspection time depends on the effective visual field range of the 
peripheral vision and the fact that the effective visual field range widens when the 
fixation duration increases has been shown [10]. When the effective visual field range 
widens, the range of inspection in one fixation widens and an increase in the detection 
rate can be expected. Moreover, when the effective visual field range increases, 
overlapping area of field of vision also increases and the increase in the detection rate 
can be expected since the same area is viewed number of times. 
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Table 1. Analysis of variance 

of squares Flexibility Mean square F-number Decisio

9688.43 4 24922.11 65.49  ** 

76307.41 8 109538.43 287.84  ** 

52230.56 3 717410.19 1885.17  ** 

5090.74 32 471.59 1.24   

6572.69 12 1381.06 3.63  ** 

82677.78 24 15944.91 41.90  ** 

6581.48 96 589.39 1.55  ** 

59000.00 2520 380.56   

58149.07 2699       
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5 Discussion 

5.1 Inspection Method Corresponding to the Requirements Regarding the 
Defects 

In order to examine the level of the effect of the fixation duration, the distance 
between the defect and the fixation point and the size of the defect on the defect 
detection rate, a multiple regression analysis is carried out with these three factors as 
decision variable and the defect detection rate as the objective variable. As the result, 
the standard partial regression coefficient of the decision variables is as shown in 
Table 2, where the coefficient of size of the defect is found to be the biggest. In short, 
it is seen that the main factor that effect the defect detection rate in the visual 
inspection is the size of the defect and it reduces in the order of the distance between 
the fixation point and the defect, and the fixation duration. 

This result also supports the fact that there is a significant difference in the mutual 
interactions including the size of the defect. That is, when the size of the defect is big, 
the defect detection rate is high and does not depend on the fixation duration or the 
distance between the defect and the fixation point as shown in Fig. 6. This can be also 
confirmed through use of the value of the standard regression coefficient of the size of 
the defect which is 0.7, a high value. On the other hand, for small defects i.e. when 
the demanding quality standards are high, the fixation duration and the distance 
between the defect and the fixation point should also be considered. 

However, when the fixation duration and the distance between the defect and the 
fixation point are compared, it is shown that reducing the distance between the defect 
and the fixation point affects the defect detection rate more than increasing  
the fixation duration. In other words, if there is the necessity to find small defect and 
the quality demand of the customer is high, the first measure should be to increase the 
number of fixation points. 

Table 2. Result of multiple regression analysis 

Independent variable 
Partial regression  

coefficient 

Standard partial  

regression coefficient 

Significant  
difference（** 1％） 

Size of defect 1248.9 0.76 ** 

Fixation duration 16.2 0.16 ** 

Distance between defect 

and fixation point 
-4.8 -0.48 ** 

Decision variable＝0.84 Adjusted R2＝0.83. 

5.2 Effect of the Position of the Fixation Point and the Defect on the Defect 
Detection Rate 

The effective field of vision of this experiment is examined. The area that has high 
defect detection rate is painted with dark color and that with low defect detection rate 
is colored with light color for each fixation duration. Ten colors are used for each 
10% and the result is shown from Fig. 8a to e. As the result, for all fixation duration, 
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required. In addition, there have been various measures like evaluation and training of 
workers in order to increase the inspection technique, but there have not been any 
considerable results. Therefore, in this study, the potentiality of human sight 
mechanism using the peripheral vision was examined, for that, the effect of fixation 
duration, distance between the defect and the fixation point and the size of the defect 
on the defect detection rate was examined.  

As the result, the effect of the size of the defect was found to be largest and it was 
shown that in order to find large defects, the number of fixation points could be 
reduced and the inspection time also would be reduced. On the other hand, while 
inspecting for small defects, the defect detection rate could be increased by increasing 
the number of fixation points and reducing the distance between fixation point and the 
defect which increased as the inspection time. Additionally, it was discovered that 
while placing a fixation point on the targeted object, not only the distance between the 
defect and the fixation point had to be considered, but also the position of the defect. 

In future studies, the characteristics of the effective field of vision in visual 
inspection should be examined and also, using the result of this study, the effect of 
increasing the fixation points and increasing the fixation duration should be tested in 
actual working lines in the manufacturing industries. 
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