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The Application of Big data Mining in Risk Warning for Food
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Abstract Comprehensive evaluation and warning is very important and difficult in food safety. This paper mainly focuses on introducing the

application of using big data mining in food safety warning field. At first, we introduce the concept of big data miming and three big data meth-

ods. At the same time, we discuss the application of the three big data miming methods in food safety areas. Then we compare these big data

miming methods, and propose how to apply Back Propagation Neural Network in food safety risk warning.
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1 Introduction

In recent years, the new services about information industry have
boomed, and the data type and scale of various industries show an
exponential growth trend. The era of big data in China has star-
ted. The rise of big data concept provides us with a new way of
looking at the world, and to make large amounts of data stored in
the database become valuable, big data mining has become a com-
mon concern. The study on big data mining methods becomes a
great challenge in today’s society. At the same time, food safety
incidents occur frequently in China, such as melamine incident
and poisonous rice event, posing a serious threat to people’s health
and causing negative social effects. Therefore, the comprehensive
evaluation and early warning of food safety are increasingly becom-
ing the focus of food safety. An effective early warning method can
greatly improve the level of food safety, and big data mining tech-
nology is such an effective way of early warning. In this paper, we
analyze the basic concept of big data, and analyze three typical
mining methods in big data mining as well as their application in
food safety. Based on the comparative analysis of application of
three big data mining methods in food safety risk warning, we se-
lect the best big data mining method and explore the application of

it in food risk warning.

2  Overview of big data
The use of the term "big data" dates back to the open source pro-
ject Nutch of apache org. At that time, big Data was defined as

large amounts of data for batch processing or analysis required by

]

web search update''’. Big data is a broad term for data sels so

large or complex that traditional data processing applications are

]

inadequate”’. Challenges include analysis, capture, data cura-

tion, search, sharing, storage, transfer, visualization, and infor-
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mation privacy. The term often refers simply to the use of predic-
tive analytics or other certain advanced methods to extract value
from data, and seldom to a particular size of data set. Accuracy in
big data may lead to more confident decision making. And better
decisions can mean greater operational efficiency, cost reductions
and reduced risk. Grobelink thinks big data have the following
three features (3V) : Volume; Velocity; Variety ™. It is the rep-
resentative definition at present. In addition, based on 3V, some
large enterprises make 4V definitions, namely adding a new fea-
ture on the basis of existing 3V. Currently, the definition of the
fourth V has not yet been unified, and IDC believes that big data
should also have " Value" ™', while IBM thinks big data are bound

to have " Veracity" "',

3 Overview of three big data mining methods and
their application in the food safety industry

In recent years, with the steady development of computer hard-
ware, a lot of powerful data collection devices and storage media
are widely available on the market, which vigorously promotes the
development of the database and makes large amounts of informa-
tion and data stored in the database'®’. Big data mining is to ex-
tract potential hidden information from the data, and conduct auto-
matic mining in the database by the development of computer pro-
grams. It is an effective means to find law or model'®’. Big data
mining is to dig knowledge from big data'’’. The common machine
learning data mining technologies include Bayesian network, deci-
sion tree, artificial neural network and the like.

3.1 Bayesian network Bayesian network, developed by Pearl
in 1988'*' | is a probabilistic graphical model (a type of statistical
model ) that represents a set of random variables and their condi-
tional dependencies via a directed acyclic graph (DAG)"'. For
example, a Bayesian network could represent the probabilistic re-
lationships between diseases and symptoms. Given symptoms, the
network can be used to compute the probabilities of the presence of
various diseases. Formally, Bayesian networks are DAGs whose

nodes represent random variables in the Bayesian sense: they may
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be observable quantities, latent variables, unknown parameters or
hypotheses. Edges represent conditional dependencies; nodes that
are not connected represent variables that are conditionally inde-
pendent of each other. Each node is associated with a probability
function that takes, as input, a particular set of values for the
node’s parent variables, and gives (as output) the probability (or
probability distribution, if applicable) of the variable represented
by the node. Similar ideas may be applied to undirected, and pos-
sibly cyclic, graphs; such are called Markov networks. Efficient
algorithms exist that perform inference and learning in Bayesian
networks. Bayesian networks that model sequences of variables are
called dynamic Bayesian networks. Generalizations of Bayesian
networks that can represent and solve decision problems under un-

for, Bayesian networks are

certainty are called influence diagrams
used for modelling beliefs in computational biology and bioinfor-
matics medicine, biomonitoring, document classification, informa-
tion retrieval, semantic search, image processing, data fusion,
decision support systems, engineering, sports betting, gaming,
law, study design and risk analysis. As for the application in the
food industry, Bayesian networks are mainly used for food product

" For example, in the food Bayesian network modeling,

design
if we know people generally prefer sweet foods and there are sweet
and popular foods in the samples, then Bayesian network infers
that the color of the food will affect its popularity. The traditional
rule-based expert recommendation system can not deal with such
similar problems because the system is modular, and some of the
rules have nothing to do with other rules or content of data
sources, while the conditional probability of the Bayesian network
solves this problem. In addition, the Bayesian network model, the
representative of probabilistic risk assessment model, was once
used in risk probability estimates of the food supply chain'™. Due
to differences in the response of food supply chain to different ini-
tiating events, the development processes and results of events are
also different. By obtaining the conditional probability value of
each node of the Bayesian network, we can get the risk value of
food by calculating the joint probability.

3.2 Decision tree A decision tree is a decision support tool
that uses a tree-like graph or model of decisions and their possible
consequences, including chance event outcomes, resource costs,
and utility. It is one way to display an algorithm. Decision trees
are commonly used in operations research, specifically in decision
analysis, to help identify a strategy most likely to reach a goal. A
decision tree can better learn noise data, learn the law and extract

31 A decision tree is a flowchart-like structure in

expression
which each internal node represents a "test" on an attribute, each
branch represents the outcome of the test and each leaf node repre-
sents a class label (decision taken after computing all attributes ) .
The paths from root to leaf represent classification rules. In deci-
sion analysis a decision tree and the closely related influence dia-
gram are used as a visual and analytical decision support tool,
where the expected values (or expected utility) of competing al-

ternatives are calculated. A decision tree consists of 3 types of

nodes; decision nodes-commonly represented by squares; chance
nodes - represented by circles; end nodes- represented by trian-
gles. Decision trees are commonly used in operations research,
specifically in decision analysis, to help identify a strategy most
likely to reach a goal. If in practice decisions have to be taken on-
line with no recall under incomplete knowledge, a decision tree
should be paralleled by a probability model as a best choice model
or online selection model algorithm. Another use of decision trees
is as a descriptive means for calculating conditional probabilities.
Decision trees, influence diagrams, utility functions, and other
decision analysis tools and methods are taught to undergraduate
students in schools of business, health economics, and public
health, and are examples of operations research or management
science methods. As for the application in the food industry, deci-
sion tree is used for the assessment of food safety based on agricul-
tural products'™*'. Based on the data features and dimensionality
reduction approach, it conducts preprocessing to identify the main
eigenvalues affecting the quality and safety, establishes the agri-
cultural quality and safety criterion models on the basis of combi-
natorial optimization decision tree, and chooses different factors
influencing agricultural products (such as heavy metal content in
groundwater, soil pH and planting scale) as the attributes of deci-
sion tree. The data samples are divided into training set and test
set, and the rule set is obtained through training. The data sam-
ples in test set are input into the decision tree model to calculate
the rate of accuracy, thereby determining whether the decision tree
can assess quality and safety risk of agricultural products. Deci-
sion tree is also used to assess the quality of instant fried noo-
dles™™’.

3.3 Artificial neural network Artificial neural networks, as a
data mining approach with high learning accuracy, simulate the
complex network consisting of interconnected neurons in biology
for modeling. Artificial neural networks are a family of statistical
learning models inspired by biological neural networks ( the central
nervous systems of animals, in particular the brain) and are used
to estimate or approximate functions that can depend on a large
number of inputs and are generally unknown. Artificial neural net-
works are generally presented as systems of interconnected " neu-
rons" which send messages to each other. The connections have
numeric weights that can be tuned based on experience, making
neural nets adaptive to inputs and capable of learning. For exam-
ple, a neural network for handwriting recognition is defined by a
set of input neurons which may be activated by the pixels of an in-
put image. After being weighted and transformed by a function
(determined by the network’s designer) , the activations of these
neurons are then passed on to other neurons. This process is re-
peated until finally, an output neuron is activated. This deter-
mines which character was read. Like other machine learning
methods- systems that learn from data - neural networks have been
used to solve a wide variety of tasks that are hard to solve using or-
dinary rule-based programming, including computer vision and

speech recognition. Currently, there are about a dozen of artificial
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neural network models, and the common artificial neural network

3] " BP neural network

is BP (Back Propagation) neural network
has the mapping function of nonlinear function, and strong infor-
mation storage capacity as well as large-scale parallel processing
capabilities. Its good adaptability and capacity of resisting disturb-
ance make it have a strong ability to learn. BP neural network is
an effective method to deal with uncertainty problems in artificial
intelligence, and it was once combined with the principal compo-
nent analysis for the study of near infrared spectroscopy apple vari-

ety identification"’.

The study first uses principal component
analysis to conduct clustering on apple and gets the near infrared
fingerprints of apple. For the characteristic wave bands sensitive to
apple varieties, the characteristic band map is regarded as the in-
put of neural network, and varieties as output. The model is es-
tablished, the training is carried out, and then the unknown sam-
ples are forecasted. This variety identification accuracy rate rea-
ches 100% . In addition, BP neural network is also used for water

]

. e 17 .
consumption of winter wheat' , and forecast of rice amylose con-

tentm].

4 Comparative study on the application of the three
big data mining methods in food safety risk warning

Bayesian network, decision tree and BP neural network are the
most efficient classification methods for data mining. By modeling
and training, the model learns the classification rules, and when
there are new and unknown types of data, the model can have the
ability to identify according to the learning experience. We call it
forecasting ability. In Bayesian classification, all the properties
will be involved in the calculation and classification. Decision tree
is a two-branch or multi-branch tree for discrete variables, with a
top-down recursive structure. Each leaf node of the tree represents
a category. BP neural network is the classifier based on percep-
tron, and produces linear or non-linear discriminant function by
the iteration of training mode and learning algorithm. BP neural
network carries out training by positive propagation, weight adjust-
ment and reverse propagation. Neural networks put the knowledge
and laws learned in the memory of network weight, in order to
identify the implicit data rules. The weight value of BP artificial
neural network is not calculated but completed by the network
training. The larger the amount of data, the more the training set,
and the more accurate the classifiers. Bayesian network and BP
neural network have high accuracy, while the accuracy of decision
tree to a large extent depends on the completeness of the data, and
the default values in certain fields will affect its accuracy. The
more the default values, the less accurate the decision tree. For
food safety testing data, there are many testing indicators, and
many testing results are not judged or detected, leading to exces-
sive default values, which will have a great impact on the decision
tree learning. From the training rate, in the big data environment,
there are many detection indicators for a food, that is, there are
too many attributes. Since Bayesian network relies on probability

calculation, the complexity of calculation of attribute set will in-

crease, making it more difficult to forecast and requiring longer
time. Decision tree implements depth-first search, and its algo-
rithm is limited by memory size, so it is difficult to handle large
training set. With the growth of amount of data, the processing
speed of decision tree will slow down a lot. The perceptron-based
neural network has a good ability to deal with uncertainties, and a
large number of neuron onlooker activities constitute the overall
macro effects of neural networks. It has good adaptability, and as
the amount of data increases, the model will be more accurate.
Unlike Bayesian network and decision tree, neural network learns
the rules by self-adjustment of weight values, so it is better than
the first two algorithms in terms of training speed. In terms of ro-
bustness, there are often default values or noises in the food in-
spection data, and Bayesian network can not accurately define the
probability of noise or default values, which will affect the model
training. Due to poor fault tolerance, decision tree is strongly de-
pendent on data, and data noise or incompleteness will affect the
building of decision tree model. The neural network itself has high
fault tolerance, and if part of the data are incomplete, then the
neural network can learn the hidden laws from another part of da-
ta, and adjust its own weight for law learning, to construct a ro-
bust model. In summary, BP neural network has high accuracy
and high training speed, and its robustness is better than that of
other two kinds of data mining methods. And it has advantages in
parallel processing, self-learning and fault toleration. BP neural
network has a strong degree of flexibility, and the new training da-
ta set can be used for model training, thereby increasing the accu-
racy of the model, so it is suitable for the application in food safety

risk warning areas.

5 The application of BP neural network in food risk
warning

BP neural network is a kind of artificial neural network and an im-
portant artificial intelligence tool. Through a lot of sample train-
ing, it gets the implicit laws of model. In food testing, we tend to
get simple judgment of pass or fail. This test result is clear, but it
is not conducive to the control of food safety risks. If we grade the
degree of food risks based on the specific detection value, it will
help to provide decision support for the relevant risk assessment
departments. Traditional risk rating methods include expert sco-

ring®’ | risk matrix®

! and so on. These methods are accurate,
but the expert scoring is based on human assessment, and the risk
matrix consumes considerable manpower and physical resources,
so both of them do not apply to the risk warning of big food safety
data. Based on the underlying laws of BP neural network, we
make it learn the risk rating of expert scoring method. When there
are new test data, it can evaluate the data according to the laws
learned. We believe that in the context of big data, BP neural net-
work is very suitable for the food safety risk warning based on cer-
tain types of food. First of all, it screens the different dimensions
that affect the test results of certain foods, such as chemical con-

tamination, pesticide residues, veterinary drug residues, heavy
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metals, bacteria and the like. Using expert scoring method, the
risk rating is conducted based on the experts combined with the
test results of test items of different dimensions. Then the testing
values of the above dimensions are regarded as the input neurons
of neural network, and the number of neurons is determined by the
selected dimension. And the rating obtained through expert sco-
ring is taken as the target output neuron for training. A lot of input
and output samples are sent to the neural network to make it con-
duct potential rule learning through forward propagation, back
propagation and weight adjustment. When there are unknown da-
ta, by inputting the samples to neural network, the neural network
can simulate experts for rating. Since the neural network has high
flexibility, the new data and rating can be also regarded as the
training set of the neural network. So, with the increasing amount
of data, the neural network model will be more accurate, in order

to reduce errors caused by human factors as well as labor costs.

6 Conclusions

Firstly, this paper analyzes the basic concept of big data, machine
learning in big data mining and three typical mining methods, and
explores their use in food products. Secondly, this paper conducts
a comparative analysis of the application of three big data mining
methods in food safety risk warning. Finally, this paper comes up
with the method of applying BP neural network to food risk early
warning and explains why we believe that BP neural network is su-

perior to the other two data mining technologies.
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