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Abstract. An evaluation method of detection probability has been proposed by the 
authors for the measurement and evaluation of the industrial products based on the 
human performance by perception. As a practical application, the distributed 
parameters of psychometric curve were estimated by the experimental data 
concerning the three kinds of atribute of size, flatness degree and grayscale. As an 
example of experiments in the proposed methods, single madality and multiple 
dodalities sensory tests are applied to measure the perception performance of 
panels concerning the three atributes of FRP (fiber reinforced plastics) poroduct.  

Keywords: Stimulus Threshold, Psychometric Curve, Paired Comparison, 
Statistical Estimation. 

1   Introduction 

Sine the psychometric curve method has been researched, the classical three of 
constant stimulation method, limit method and adjustment method are popular until 
now[1]. A sort capacity by human vision is very flexible; therefore such a soft 
information processing has been regarded unfit on the computer which is good at 
digital information processing. The outline of the objectives in this study is drawn in 
Figure 1. The two kinds of approaches for artificial and natural knowledge were 
illustrated in Figure 1. The former management is computerized such as artificial 
knowledge management.  On the other hand, the latter is concerned with the human 
response by knowledge and skill of expert people. These two kinds of management 
processes must be integrated for the application to analysis, and evaluation in 
intelligence machine. To obtain the psychometric curve for detecting the deference on 
the modalities of figure, a prototype research was developed based on the constant 
stimulation method, has been proposed by the authors[2].  

The aim of this work is to discuss the potentiality of identifying human perception 
and its application. In this paper, a procedure is presented for measurement of 
perceptive sensory function of various kinds of attribute in the inspection image data 
by the experiment of paired comparison under constant stimuli. 
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Fig. 1. Human perception for ICT 

2   Measurement and Analysis of Perception 

2.1   Measurement and Analysis of Single Modality  

It is the problem of judging the existence of defect from inspected image by 
inspection machine. The problem is in the fact there is no way how to measure and 
analysis the degree of human performance to inspect it if the attribute of defect is 
more than the regulated value. The idea of this study is in the hypothesis that the 
reaction whether there is defect on the object image to be inspected is equal to the 
response of man who receives the perception stimulation. Such a response is shown as 
a probability curve that tells the reaction to stimulation strength as indicated by x-axis 
in Figure 2 when the amount of the feature in which perception stimulation intensity 
can be described by a variable amount of one dimension. This curve is called as 
psychometric curve. 

Psychometric curve, as shown in Figure 2, is a continuous curve which is made 
from the detection probability as a function of stimulus strength, when the strength of 
stimulus is continuously varied over a range of values. The psychometric curve fits a 
continuous function f(x) is such as: 

)(xfP =                                                             (1) 
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Fig. 2. Psychometric function 

In Equation (2), )(•Φ  and )(•φ  is cumulative distribution function and probability 

density function of the standardized normal distribution. 
In order to estimate the parameters in Eq.(2),  the paired comparison method is 

used as a general method in the sensory test by which this curve is obtained[2]. It is a 
method of comparing a paired target sample, which is obtained by changing a 
standard sample and perception strength of stimulus x gradually, by which the 
strength of stimulus is set in constant value x0 specified previously. In this 
experiment, a reactive category of the alternative of "x is bigger than x0" or "x is 
smaller than x0" is obtained, and the psychometric curve is identified by presuming 
the parameters of Eq.(2) by using the measurement appearance rate obtained as a 
result. The details of practical way to estimate the parameters statistically by Probit 
and Staircase method are shown in [3,4]. 

2.2   Measurement of Multiple Modalities 

The probability obtained by psychometric curve by Eqs.(1),(2) mean the probability 
that one can feel the strength of stimuli of target object less than specified strength of 

stimuli such as threshold 0x  in Figure 2. This probability is also calculated as a 
probability that one can judge that the strength of stimuli of the target sample for 
paired comparison is less than that of standard sample. From this discussion, now 
suppose that this probability is defined by  

)( ii EPP =                                                           (3) 

where )(•P is an occurrence probability of probability event • . iE means the 

probability event that a panel judges that the strength of the stimuli of the target 

sample is less than that of the threshold 0
ix  such as a standard sample for i-th attribute 

among multiple attributes to express the characteristic of interest. Thus the 
relationship 

1)()( =+ ii FPEP                                                    (4) 
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consists of iE  and iF  that are probabilistic events to be possible and impossible to 

detect the strength of stimuli ix less than that of the threshold 0
ix  by means of 

judgement on i-th attribute.  
On the other hand, now suppose that the detection probability P under the situation 

of multiple attributes are defined by  

)( 21 nEEEPP ∪∪=                                     (5) 

where nPPP ≤≤≤ 21 .  In this condition, the confidence interval of detection 

probability P under multiple attributes can be estimated with upper and lower 
probability bounds PL and PU such as 

UL PPP ≤≤  by the equations [5]. 
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In the equation, lkP is the joint probability of the events lE  and kE  

)( kllk EEPP ∩=                                             (7) 

that can be calculated by the integral  
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where ( )kllk yy ρφ ;, is the density function of two-dimensional standard normal 

distribution. 
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3   Practical Application 

3.1   Design of Standard Sample for Sensory Tests  

The mat FRP (fiber reinforced plastics) product defect inspection was assumed to be 
an exercise for the verification of the proposed method, and the perception 
psychometric experiment by which three attributes (size, aspect ratio, and grayscale) 
were to be controlled. Numeric conversion of stimulus strength of these three 
attributes applied correspondingly to the former report[3]. The mean value and the 
standard deviations of size x

1j (area), aspect ratio x
2j  (ratio of the extended shaft and 

minor axis), and grayscale x
3j  of the defect which exists on the surface of the FRP 

material which is obtained from the inspection image as shown in Figure 3 and  
Table 1.  

 

Fig. 3. Definition of dimensions from inspection image 

The value of amount x
i

0, the feature of the standard sample, and the value of 
amount xij (i=1,2,3, j=1,2,…), the feature of the target sample were given by the 
following formulas. As to the amount of the feature x1, which is the first attribute 
(size), the value that refers to the length of the long axis of an ellipse was used. The 
standard stimulus strength of standard sample as the amount of feature is set as 
follows:  
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Table 1. Statistics by inspection image data 

 
area size 
(mm2) 

aspect ratio grayscale 

mean =Aμ  6.347 =Rμ 0.328 =Vμ 0.583 

S.D. =Aσ 19.113 =Rσ 0.197 =Vσ 0.422 

second attribute is flatness degree x2 and is obtained by subtracting aspect ratio (of  
long axis and short axis) from 1 and is defined by  
 

         x2j=(1-μR)+σR hR(j-3.5), x2
0=(1-μR) (13) 

where constant number μR, σR  is the mean of aspect ratio and the standard deviation 
of aspect ratio respectively. In this case, the original data of aspect ratio is calculated 
by 1 Rμ−  from the standard samples to strengthen stimulation according to the 

increase of stimulation strength. Finally, the strength of stimuli 3 jx , 0
3x of the degree 

of grayscale of object as the third attribute is quantified as 

          x3j=μV+σV hV(j-3.5), x3
0=μV   (14) 

where μV, σV are respectively the mean and the standard deviation of grayscale of 
object as shown in Table 1. The values of coefficients hA, hR, and hV  are decided by the 
previous experiments, and are 0.019, 0.055, and 0.028 respectively[3]. In this way, 
the strength of stimuli ijx , 0

ix ( i=1,2,3, j=1,2,… ) were set for the paired comparison, 

then they were presented as shown in Fig. 3.  
Table 2 shows the value of stimulus strength of standard sample 1 jx , 2 jx  and 

3 jx and target samples 0
1x , 0

2x  and 0
3x for single modality sensory test. Figures 4 and 

5 show the examples of degree of stimuli for single and dual modalities sensory tests 
respectively. 
 

Table 2. Stimuli strength of standard and target samples 

i xi
0 xi1 xi2 xi3 xi4 xi5 xi6 xi7 

1 19.23 17.78 18.36 18.93 19.53 20.11 20.68 21.26
2 0.672 0.644 0.655 0.666 0.677 0.688 0.699 0.71 
3 0.583 0.553 0.565 0.577 0.589 0.601 0.613 0.625

 

 

Fig 4. Examples of degree of stimuli (x1j) for single modality sensory test 
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Fig. 5.  Examples of degree of stimuli for dual modalities sensory test 

3.2   Experimental Setup for Sensory Tests  

In the experiment, the eyesight of the naked-eye or the correction made ten adults 
men and women of 20 years old were selected as subjects. The practical sensory tests 
are prepared for single and multiple modalities using the paired comparison test with 
standard sample and target sample that can be a pair of objects for comparison as 
presentation sample in Figure 6, because it requires the use in a pair of comparison 
experiment by the defect inspection. The perception experiment is an experiment that 
fixes the subject on chin rest as shown in Figure 6(a), presents 17-inch display 
forward of 60cm before the eyes, shows the subject stimulation images controlled by 
the stimulation generation program, and measures the reaction. Therefore, the 
program that is able to present each sample in a standard sample (left side in figure) 
and the target sample (right side in figure) as shown in Figure 6(b) has been 
developed. The program was developed by Visual Studio 6.0 (Visual Basic language) 
on Windows OS. 

 

 

 

          (a) apparent condition                     (b) scene of paired comparison test 

Fig. 6. Experimental setup 
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3.3   Results and Discussions  

3.3.1   Experimental Results of Single Modality Sensory Test 
As an example of psychometric curve, Figure 7 illustrates the psychometric curve of 
subject A derived from the data measured by paired comparison test for  single 

attribute of 1x . As can be seen Figure 7, a monotonically increasing function is 

derived from the ML estimation in the case of all experimental conditions. 

Distributions of differences on characteristic of 21 , xx  and 3x  among 10 subjects 

are shown in Figure 8. This distribution of PSE can be obtained by method of mean 
rank in due small order of PSE. From Figure 8, it is known that the mean values of 

PSE of 21 , xx  and 3x  are 17.37, 0.647 and 0.548 respectively. Mean values of PSE 

become close the standard stimuli of 0
2

0
1 , xx  and 0

3x . In addition, on the other hand, 

the coefficients of variation are 0.043, 0.018 and 0.020. Distributions of PSE indicate 
normality as can be seen to become near straight lines on the plane by normalized 
variable Y and strength of stimuli ix . 

It is shown in Figure 9 that the tendency of the results on PSE are strongly 
dependent on the values of threshold xi

0. 
 

3.3.2   Experimental Results 
of Multiple Modalities 
Sensory Test 

From the result in experiments, 
the probabilities for dual and 
multiple attributes are larger 
than that of single attribute as 
shown in Figure 7. This 
tendency is same in all 
experimental conditions. Incre-
asing amount of detection 
probability, however, is not 
same in different ways with the 
variation of correlation coeff-
icient. In fact, the variation  
 

0
2x0
2x

 

Fig. 7. Psychometric curves (Subject A) 

 

 ( a ) area size 

 

( b ) aspect ratio 

 

( c ) grayscale 
 

Fig. 8. Sample distribution of PSE 
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Fig. 9. Dependency on threshold on PSE distribution 

Table 3. Correlation of coefficient Table 4. Improving ratio 

Subject 12 23 31

A -0.406 -0.426 0.397
B 0.072 0.173 0.1
C 0.545 -0.522 -0.718
D 0.423 -0.042 0.528
E 0.532 -0.249 -0.315
F 0.573 -0.18 0
G 0.177 -0.373 -0.104
H 0.342 0.224 -0.272
I 0.528 0.548 0.048
J -0.1 0.031 -0.02
K -0.038 -0.095 0.329
L -0.062 -0.09 0.346
M 0.144 -0.05 0.539

mean 0.21 -0.081 0.066
 

Subject
P12

(%)
P23

(%)
P31

(%)
PL

(%)
A 31.65 32.01 18.5 32.15

B 23.85 22.23 23.41 23.85

C 15.83 33.74 37.76 37.76

D 18.06 25.67 16.14 25.67

E 16.07 29.01 30.11 30.11

F 15.29 27.88 25 27.88

G 22.17 31.08 26.65 31.08

H 19.45 21.41 29.38 29.38

I 16.14 15.78 24.23 24.23

J 26.59 24.51 25.32 26.59

K 25.61 26.51 19.66 26.51

L 25.98 26.43 19.38 26.43

M 22.7 25.8 15.94 25.8

mean 21.49 26.31 23.96 28.27
 

is seen from the correlation coefficient 12 23,ρ ρ and 31ρ for combinations of attributes 

1 2,x x  and 3x in Table 3. In addition, mean values of correlation coefficient 

12 23,ρ ρ and 31ρ are 0.21, –0.081 and 0.066 respectively. On the other hand, Table 4 

shows improving ratio of detection probabilities for dual attributes: P12, P23, P31 
respectively rise approximately 21%, 26% and 24% for mean in the case of dual attribute 
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Fig. 10. Effect of multiple perceptions (subject C) 

experiments. That is to say improving ratio of detection probabilities have a pronounced 
tendency to depend correlation coefficient. In addition, the improving ratio PL which is 
obtained by the approximation formula for the multiple attributes rises approximately 
28% in comparison with the detection probability of past single attribute. 

4   Conclusion 

It was successfully accomplished in this study that the degree of human performance on 
visual perception of single and multiple modalities could be identified by using 
psychometric function and statistical estimation. As an application for practical use of 
proposed method, the way to produce the standard sample for sensory test was developed 
for detecting the human performance on the attribute of figure. It was verified that the 
sensory test for single modality and multiple modalities test enabled one can evaluate the 
human performance on visual perception by proposed method in this paper. 
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