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Abstract: The food detection data plays an extremely important and indispensable role in the 
evaluation of food quality. However, there are a number of detection items based on different 
evaluation standards for a product. The detection items can be divided into four categories: optimum 
index, negative index, scope index and sampling index by the evaluation standards. Their 
measurement units and technical requirements are different, so it is difficult to construct a data 
warehouse by using these complex detection data. Data preprocessing is necessary before 
constructing the data warehouse. The existing data processing methods are difficulty in evaluating 
the food quality comprehensive and efficiently. There are two problems, one is the inconsistent 
function relationship between the detection data and the processing result, and the other is the 
sampling index can’t be processed. To address these problems, this paper proposes an approach for 
data preprocessing by calculating the quality index for detection data. This method can not only 
evaluate the food quality comprehensively and efficiently, but also provide a scientific basis for 
constructing the data warehouse. 
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1. Introduction 
Recently, an increasing number of people begin to pay special attention to the quality of life. In terms 
of food, people attach great importance to the food safety. They lay stress on whether the food is 
natural, nutritional, pollution-free, harmless and green product. Food is the integral part of human life 
[1]. As a consequence, for the companies or institutions related food industry, it is particularly 
important to ensure the food safety in the process of production. The food quality and safety are 
related with the consumer’s health and the quality of their life. Governments from all over the world 
have attached great importance to this issue [2][3]. It is an important work to carry out food quality 
supervision and inspection. At present, a lot of people are working on the study of food safety. The 
food detection laboratories at all levels do a lot of food testing work every day. It generates a large 
amount of food detection data every day. During this period, it accumulated a lot of resources of food 
safety detection data [4]. And the collection of a large amount of data contains a wealth of 
information on food safety [5]. Data warehouse technology lays a foundation for analyzing data 
resources deeply, using the data resources effectively and assisting the manager to make a decision 
[6]. But there are many data sources, and the data format of these data is not uniform. So a data 
preprocessing method is urgently needed. It can use the data resources effectively, and evaluate the 
food quality comprehensive and efficiently. Xu [7] proposed data screening, cleaning and conversion, 
when he constructed a framework of food safety warning data analysis system. But he did not 
illustrate the specific data processing scheme. Guo [4] analyzed the detection data of import and 
export food testing laboratory in Shandong district. And then he built up data labels and rules, 
discretized and layered the main data attributes. Then it formed the hierarchical dictionary table. 
However, it also faces some limitations and problems. It can’t apply to other kinds of food, because 
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the different kinds of food have different detection items and standards. Consequently, it can’t be 
used in all kinds of food to evaluate the food quality comprehensive based on this kind of 
preprocessing method. 
In fact, the food safety is a comprehensive evaluation results. The safety of the product needs to be 
discriminated by testing a variety of items. At present, the system of food hygiene security evaluation 
index is relatively perfect [8]. In addition, there are also a lot of evaluation methods, such as index 
evaluation method [9][10][11], Nemerow comprehensive pollution index method[12], analysis 
hierarchy process etc [9][10]. In those methods, the most commonly used is the index evaluation 
method, because it is easy to calculate and grasp. And it is also the basis of other methods. But it can’t 
deal with four kinds of detection items simultaneously by using the exiting evaluation methods to 
process the data. And in some normalization methods, the function relationship between the detection 
data and the processing results is not consistent. When considering the negative index, the detection 
data and processing results are direct proportion. However, when it comes to the optimum index, they 
are inverse proportion. 
This paper proposes a data preprocessing method to solve the problem of universality. In this way, the 
data can be processed into a unified data format. This method is to calculate the quality index 
according to the index type of each test item. It provides a scientific basis for constructing the data 
warehouse model. And this data preprocessing method is ready for achieving data mining further. 

2. Data Preprocessing Method 

The detection data has many characteristics, such as there are many data sources. In addition, the data 
types are various, and the data formats are inconsistent. Therefore, analyzing the data 
comprehensively in the food industry, the data must be processed. In this paper, it uses a linear 
processing method to deal with the data. The result is called quality index, which noted as d. If the 
value of the quality index is between 60 and 100, it is regarded as qualified. And the closer to 100 the 
value, the better the quality. But if d < 60, the product is unqualified. Then the data preprocessing 
methods about four kinds of indexes are given as follows. And their function images are shown as 
figure 1. 
The optimum index is used to calculate a kind of detection item which is given a minimum value 
about technical index. It is regarded as qualified when the detected value is not less than the minimum 
value, such as the energy in table 1. Let x denote the actual detection value of the detection item. S1 
represents the lower limit of the standard. When x = S1, it is regarded as the d = 60. And the bigger the 
x, the better the quality. Assuming when x = 2S1, the d = 100. And when x > 2S1, the d = 100. The 
preprocessing method of this type of index is presented as formula (1). Its function image is shown as 
figure a in figure 1. 
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The negative index is used to calculate a kind of detection item which is given a maximum value 
about technical index. It is regarded as qualified when the detected value is not more than the 
maximum value, such as the fat in table 1. Let S2 denote the upper limit of the standard. Assuming 
when x = S2, it is regarded as the d = 60. And the smaller the x, the better the quality. The d = 100 
when x = 0. And when x > 2S2, the d = 0. Then the preprocessing method of this type of index is 
shown as formula (2). Its function image is shown as figure b in figure 1.  
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The scope index is used to calculate a kind of detection item which is given the minimum value and 
the maximum value about technical index. It is regarded as qualified when the detected value 
between the minimum value and the maximum value, such as the vitamin A in table 1. 
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Sm represents the mid-value between S1 and S2. Assuming when x = S1 or x = S2, it is regarded as the 
d = 60. And when x = Sm, the d = 100. When x > S1+S2, the d = 0. Then the preprocessing method of 
this type of index is shown as formula (3). Its function image is shown as figure c in figure 1. 
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Finally, the sampling index is used to calculate a kind of detection item which is given a sampling 
plan. Let n denote the number of samples taken from the same batch of products. The letter of c 
represents the maximum number of samples allowed to exceed m. The lowercase letter of m 
represents the limited value of microbial index of the acceptable level. M represents the highest safety 
limits of microbial index. It is regarded as qualified when the detection results of all samples are less 
than m or there are c results between m and M. Otherwise it is not qualified. For example, the colonies 
number is this type of index in table 1. The preprocessing method of this type of index is shown as 
formula(4). R={X1, X2,…, Xn} is a set of the detection value of n samples. Then make R1={Xi | Xi

∈R, Xi≤m}, R2={Xj |Xj∈R, m<Xj≤M}, R3={Xk | Xk∈R, Xk>M}. When the detection item is 
qualified, the maximum detection value is  (n-c)m + cM. There are c samples with the detection value 
of M, and the others are m. According to the figure d in the figure 1, it can be seen that when ∑Xi = 
(n-c)m + cM, the d = 60. The figure d in the figure 1 is the function image of the qualified sample. The 
detection item is unqualified when one sample is unqualified or c+1 samples’ detection value exceed 
m. So the minimum detection value of unqualified sample is min{(c+1)m, M}. Assuming when  ∑
Xi = nM, the d = 0. The figure e is the function image of the unqualified sample. 
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However, the four calculation methods mentioned above are only the data process of a single 
detection item. For a kind of product, it has a large number of detection items. t indicates the number 
of detection items. So it needs to set weights wi ≥ 0 (i=1, 2,…, t) based on the importance of the 
detection item. wi is the weight of the ith detection item. di (i=1,2,…,t) is the quality index value of 
the ith detection item. Q={d1, d2,…, dt}, Q1={di | di<60, 1≤i≤t}, Q2={dj |dj>60, 1≤j≤t}. When 
all detection items are qualified, the overall quality index is the weighted average of all detection 
items. But the product is not qualified when there is a detection item is unqualified. Assuming the 
maximum detection value of unqualified product is U. i.e. the least weight of the detection item is 
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unqualified (dmin = 60), the others are qualified (di = 100, i ≠min). The U is calculated as formula (5). 
The graph of unqualified product is shown as figure f in figure 1. The X-axis represents the weighted 
average of all detection items. Its calculation is shown as formula (6). It can get the overall quality 
index of samples as formula (7). The overall quality index is noted as H. For a product, it is regarded 
as qualified when 60≤H≤100. But if H<60 it is regarded as unqualified. 

60100

1

min

min
1

1

•+•=

∑
∑
∑

=
≠
=

=

t

k
k

t

i
,i

t

k
k

i

w

w

w

wU
      (5) 

∑
∑=

=

=
t

i
it

k
k

i d
w

wX
1

1
        (6) 







≠

=
=

0,*60
0,

1

1

QX
U

QX
H

      (7)
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 The function images of four kinds indexes 
According to the H, it is very easy to evaluate the food quality comprehensive and efficiently. The 
detection data and the evaluation results are linear relationship by using this method. This method can 
be applied to a variety of detection indicators. And it realizes the contrast among different products. 
This data preprocessing method unifies the format of the evaluation results.  

3. Application 
There are some detection data about three kinds of rice flour: product A, product B, product C. In this 
part, these data are dealt with linear processing according to the national standard of food safety, 
GB10769. And this paper analyzes the quality of these products from two perspectives. One is the 
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overall quality index, i.e. the H mentioned in the part II. The other one is Nemerow index. The results 
are shown in table 1. 

Table 1 The Data Preprocessing of Three Kinds of Rice Flour 
Product  Product A Product B Product C 

items unit requirement detection index detection index detection index 
energy KJ/100g ≥1250 1673.000 73.536 1648.000 72.736 1655.000 72.960 
protein g/100KJ ≥0.33 0.517 82.667 0.613 94.303 0.490 79.394 
fat g/100KJ ≤0.8 0.114 94.300 0.078 96.100 0.050 97.500 
vitamin A μg/RE/100KJ 14-43 37.000 76.552 25.000 90.345 20.000 76.552 
vitamin D μg/100KJ 0.25-0.75 0.627 79.680 0.568 89.120 0.430 88.800 
lead mg/kg ≤0.3 0.010 98.667 0.010 98.667 0.051 93.200 
arsenic mg/kg ≤0.2 0.050 90.000 0.060 88.000 0.083 83.400 
aflatoxinB1 μg/kg ≤0.5 0.200 84.000 0.200 84.000 0.020 98.400 
colonies 
number CFU/g n=5,c=2, 

m=103,M=104 
140,40,140

,40,90 99.217 35,35,50, 
30,35 99.678 10,10,10, 

10,10 99.913 

the overall quality index (H) -- 86.513 -- 90.327 -- 87.791 
Nemerow index -- 89.800 -- 91.464 -- 90.907 

According to the information given in the table 1, we can see that the value of the detection data is 
very wide range, and the evaluation standards of different detection items are different. It is difficult 
to make an overall evaluation about the product by these raw detection data. So it is difficult to make 
a unified evaluation. With the linear processing method, the detection data are distributed between 0 
and 100. It is convenient to make an overall evaluation about the product. From the table 1, we can 
see that it can compare the differences among the three products. When considering the overall 
quality index, the product B is best. And when considering the Nemerow index, the product B is also 
best. From this method, we can draw a conclusion that this data preprocessing method is more 
convenient for people to compare or evaluate the quality of food. Not only can compare the merits of 
a single detection item, it can also compare the product as a whole. It is easy to make an overall 
evaluation about the products. But there is a deficiency in this method. It is different about the 
influence of different detection items on one product. In the table 1, the weight of each detection item 
is taken to be 1. So it is necessary to further improve the weight value. 

Quality Index
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level eleven_key
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level five_key
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Fig.2 The Application in Data Warehouse 

The quality index can be set into a dimension when constructing the data warehouse. And then it can 
be divided into different levels. So the situation of the product quality can be observed from different 
granularities. The application of the quality index in the data warehouse is shown in figure 2. 
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Table 2 The Structure of Level Five 
Level five_key Beginning  Ending  Description  

1 0 60 unqualified 
2 60 70 qualified 
3 70 80 average 
4 80 90 good 
5 90 100 excellent 

In figure 2, quality index is abbreviated as QI. In the figure 2, it can be seen that the quality index is 
processed by classification. The structure of level five is shown as table 2. According to this design, 
users can do better about statistics and evaluation of product quality. 

4. Conclusions 
The main work of this paper is to design a data preprocessing method for food detection data 
warehouse. It focuses on calculating the quality index from four aspects. And it realizes the linear 
processing. This method can compare the different batches of the same product and observe the 
change of the food quality. It provides a scientific basis for constructing the data warehouse model. 
And this method is ready for achieving data mining further. The linear processing can help 
enterprises manage the food safety as efficiently and effectively as possible. The manager can make a 
plan or adjust the relevant plan according to the change of the data. It provides a scientific basis for 
enterprise decision. Nevertheless, this design still has some deficiencies. The weight of each 
detection item is set to 1 in this paper. So it can’t reflect the importance of the detection item. It needs 
to research further. 
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