A METHOD FOR DETECTING ABNORMAL CHANGES
IN THE TEMPERATURE FIELD OF GRAIN BULK
BASED ON HSV FEATURES OF CLOUD MAPS

Research
C. Hongwei, W. Wu, Z. Wu, F. Han

HIGHLIGHTS

e Abnormal grain temperature changes were detected by calculating the similarity of HSV features in cloud maps.

e The F-measures were higher for the improved method than for methods based on HSV and LBP feature similarity.

e The improved method can detect abnormal heating of grain due to mold activity or spoilage and the fluctuation in grain
temperature caused by aeration.

e The temperature field of the grain bulk in adjacent time periods has high similarity during normal storage.

ABSTRACT. Analyses of grain temperature data are time-consuming and labor-intensive, and thorough analyses are difficult
to perform. This article proposes an improved method based on the hue, saturation, and value (HSV) color feature similarity
of temperature field cloud maps to detect abnormal changes in grain temperature. Historical grain temperature data are
preprocessed to generate temperature field cloud maps. The improved method based on HSV feature similarity is used to
calculate the similarity of temperature field cloud maps for two successive days during normal storage, and a similarity
threshold is set. Five types of grain bulk temperature anomalies are then simulated. Additionally, a comparative experiment
is carried out that considers traditional methods based on HSV feature similarity and local binary pattern (LBP) feature
similarity. The results show that the average recall rates of the F-measures of the improved method, the traditional method
based on HSV feature similarity, and the method based on LBP feature similarity are 96.2%, 89.3%, and 95.4%, respec-
tively, and the processing speeds are 340, 300, and 690 ms per group, respectively. Finally, an abnormal grain temperature
experiment is carried out. The experimental results show that the improved method can detect sudden changes in the tem-

perature field due to mold activity or spoilage and the fluctuations in grain temperature caused by aeration.

Keywords. Grain storage, HSV feature, LBP feature, Similarity, Temperature.

n China, grain storage safety mainly includes quality

safety and quantity safety (Zhang et al., 2014a). Qual-

ity safety means that the storage environment and stor-

age duration do not reduce the quality of the grain,

while quantity safety ensures that grain has not been illegally

removed during storage (Zhang et al., 2014b). Therefore,

monitoring of both grain quality and grain quantity is needed
in China.

To ensure the quality of grain during long-term storage,

the storage environment is regulated by monitoring the tem-

Submitted for review in September 2019 as manuscript number PRS
13663; approved for publication as a Research Article by the Processing
Systems Community of ASABE in April 2020.

The authors are Cui Hongwei, Graduate Student, College of Biological
and Agricultural Engineering, Jilin University, Changchun, China; Wenfu
Wu, Professor, College of Biological and Agricultural Engineering, Jilin
University, and Jilin Provincial Agricultural Machinery Research
Academy, Changchun, China; Zidan Wu, Professor, College of Biological
and Agricultural Engineering, Jilin University, and Academy of State
Administration of Grain, Changchun, China; Feng Han, Engineer,
Department of Mechanical Engineering, Jilin University, Changchun,
China. Corresponding author: Zidan Wu, 5988 Renmin Street,
Changchun, Jilin 130000, China; phone: +86-136-64302731; e-mail:
wuzidan@263.net.

perature and humidity (Gonzales et al., 2009) and CO; con-
centration (Neethirajan et al., 2010). The temperature, humid-
ity, and moisture can also be predicted by some models
(Lawrence et al., 2012; Abalone et al., 2011; Gaston et al.,
2009) to ensure the suitability of the storage environment
and grain quality. Detecting the temperature and humidity of
the grain bulk is necessary to ensure the quality of the grain,
and monitoring the grain bulk is necessary to ensure the
quantity of the grain. There are several methods for detecting
stored grain quantity. Video surveillance is used in most
granaries in China, although these systems are vulnerable to
the power supply, are limited by the file type, and provide
insufficient security (Lin, 2008). Qing et al. (2010) used
wave velocity chromatography and attenuation chromatog-
raphy to invert the dielectric constant and estimate the den-
sity of a grain bulk, and they combined velocity and attenu-
ation tomography to estimate the height of the grain bulk.
Therefore, the quantity of grain could be estimated accord-
ing to the density and volume. Technology based on three-
dimensional laser scanning (Wang and Feng, 2016; Zhu
et al., 2016) can also be used to detect the quantity of grain.
However, adding these sensors to a granary creates the need
for additional personnel to manage the equipment, which in-
creases the management cost of the granary.
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Reserves Monitoring Method for Grain Storage Based on Temporal
and Spatial Correlation of Grain Temperature

CUI Hongwei WU Wenfu WU Zidan HAN Feng ZHU Haotian QIN Xiao
( College of Biological and Agricultural Engineering Jilin University Changchun 130022  China)

Abstract: The supervision and verification of grain bulks is an important segment during storage.
Reliable reserves monitoring method for grain storage can effectively guarantee national grain quantity
security. To solve the problems such as time consuming labor cost and other problems in the manual
audit of reserves a monitoring method for grain storage quantity based on correlation analysis was
proposed. Firstly the autocorrelation and intercorrelation of the temperature measurement planes in the
grain bulks were analyzed so that the abnormal date and planes were detected. Secondly the
autocorrelation and the intercorrelation of temperature measurement lines in the abnormal date were
analyzed and the abnormal lines were detected in the abnormal date. Then the autocorrelation and
intercorrelation of the temperature measurement points in the abnormal temperature line were analyzed.
The number of abnormal points was counted and the type of abnormal occurrence and the abnormal
proportion were determined according to the number. At the same time the granaries were selected in
three storage grain areas: low temperature zone medium temperature zone and high temperature zone for
correlation analysis. According to the analysis results the threshold of autocorrelation coefficient of
temperature measurement plane was set to be 0.8 the threshold of change rate of intercorrelation
coefficient was - 0.15 d™' 0.15 d™' ; the threshold of autocorrelation coefficient of temperature
measurement line was 0. 8; and the autocorrelation coefficient of temperature measurement point was 0. 8.
Meanwhile the analysis results showed that the correlation between temperature measurement lines and
points in short period can not be used as an anomaly criterion. The supervision test of grain storage was
carried out. The test results showed that the grain storage supervision method based on the correlation
analysis can not only realize the reserves monitoring but also detect the local heating and other anomalies
of grain bulk. The purpose was to analyze the correlation coefficient of grain temperature data in the
granaries of several different grain storage areas monitor the quantity of grain and provide a theoretical
basis for the analysis of grain data in different regions.

Key words: grain temperature; grain storage; reserves monitoring; temporal and spatial correlation
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Bl AMETHOD FOR DETECTING ABNORMAL CHANGES IN THE TEMPERATURE
FIELD OF GRAIN BULK BASED ON HSV FEATURES OF CLOUD MAPS
{F % : Hongwei, C (Hongwei, C.); Wu, W (Wu, W.); Wu, Z (Wu, Z.); Han, F (Han, F.)
KU HARY): TRANSACTIONS OF THE ASABE  #:63 #1:5 7:1181-1191 DOL:
l/\(/).{)303l/trans.li§63 R 2020
Web of Science /L&A "# 51 4K": 0
5 K&t 0

£ Analyses of grain temperature data are time-consuming and labor-intensive, and thorough
analyses are difficult to perform. This article proposes an improved method based on the hue,
saturation, and value (HSV) color feature similarity of temperature field cloud maps to detect
abnormal changes in grain temperature. Historical grain temperature data are preprocessed to
generate temperature field cloud maps. The improved method based on HSV feature similarity is
used to calculate the similarity of temperature field cloud maps for two successive days during
normal storage, and a similarity threshold is set. Five types of grain bulk temperature anomalies are
then simulated. Additionally, a comparative experiment is carried out that considers traditional
methods based on HSV feature similarity and local binary pattern (LBP) feature similarity. The
results show that the average recall rates of the F-measures of the improved method, the traditional
method based on HSV feature similarity, and the method based on LBP feature similarity are 96.2%,
89.3%, and 95.4%, respectively, and the processing speeds are 340, 300, and 690 ms per group,
respectively. Finally, an abnormal grain temperature experiment is carried out. The experimental
results show that the improved method can detect sudden changes in the temperature field due to
mold activity or spoilage and the fluctuations in grain temperature caused by aeration.
A S 1 WOS:000583862000004
&5 English
SCERFKAL: Article
Y& <% 17): Grain storage; HSV feature; LBP feature; Similarity; Temperature
KeyWords Plus: STORED GRAIN; RETRIEVAL; MODEL
H#ifk: [Hongwei, C.; Wu, W.; Wu, Z.] Jilin Univ, Coll Biol & Agr Engn, Changchun, Peoples R
China.
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Changchun; 130022, China
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Volume:36
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Issue date:January 15, 2020

Publication year:2020

Pages:320-330

Language:Chinese

ISSN:10026819
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Document type:Journal article (JA)
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Abstract:Accurate detection of historical status of granary is helpful for its management. Based on
statistical analysis of grain temperature in granary, this paper presents a method to detect the
storage status of the granary in attempts to resolve the problem of time-consuming and tediousness
faced by inventory inspection. Warehouse with state of being empty, filled with fresh grain and
ventilation was used as an example. Analysis of the distribution of statistical characteristics of
historical grain temperature showed that the empty warehouse could be detected using the
difference in temperature between the upper and lower adjacent layers of the grain bulk as well as
the variation of the grain temperature; the fresh grain could be detected by the difference in
temperature between adjacent layers and the difference in standard deviation of the grain
temperature; the ventilation could be detected by the change in the grain temperature and the
standard deviation difference of the grain temperature. The threshold intervals of the characteristic
parameters of the three states were set preliminarily from analysis of the statistical characteristics of
the grain temperature. Based on the threshold intervals, three optimal levels were selected and the
orthogonal experiments of two-factors and three-levels were designed. In the same grain depot with
11 granaries, new and ventilated granaries were chosen for the orthogonal experiments. The
optimal threshold range of the statistical characteristic parameters were determined by analyzing
the statistical characteristics of the historical grain temperature changes in the 11 granaries.
Multi-variable decision tree for inventory status detection was designed and the optimal threshold
of the characteristic parameters of the multi-variable decision tree were as follows. The temperature
difference between adjacent layers for empty granary status detection was [-0.12, 0.12]&#8451;.
The temperature difference between adjacent layers was more than 0.02 (or 0.03)&#8451;, and the
standard deviation was less than 2.0 (or 2.1)&#8451;. The average temperature change rate in the
parameters for detecting the ventilation characteristics was [-0.5, 0.5]&#8451;/d and the standard
deviation change rate was [-0.21, 0.21]&#8451;/d. Finally, seven granaries in different provinces
were selected to test the detection method. The results showed that the accuracy and recall rates
were 78% and 82% respectively for the empty granary state, and 74% and 70% respectively for
new grain state, and 91% and 88% respectively for ventilated state. The test results showed that the
proposed method detected granary at empty and ventilated state more accurate than at new grain
state.<br/> &copy; 2020, Editorial Department of the Transactions of the Chinese Society of

Agricultural Engineering. All right reserved.

Number of references:29

Main heading:Grain elevators

Controlled terms:Decision trees - Statistics - Ventilation - Warehouses

Uncontrolled terms:Detection methods - Optimal threshold - Orthogonal experiment - Standard
deviation - Statistical characteristics - Status detections - Temperature changes - Temperature

differences
Classification code:643.5 Ventilation - 694.4 Storage - 922.2 Mathematical Statistics - 961

Systems Science

Numerical data indexing:Percentage 7.00e+01%, Percentage 7.40e+01%, Percentage 7.80e+01%,
Percentage 8.20e+01%, Percentage 8.80e+01%, Percentage 9.10e+01%
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Abstract:A reliable method of grain storage supervision can effectively guarantee the quantity of
grain storage in and out of warehouses according to plan and reduce the loss of unplanned entry
and exit. In recent years, there has been a method of monitoring grain storage by video gqunpment,
but the security of storage and management of video surveillance is poor and inconvenient to use. |
In this paper, we proposed a method for grain storage supervision based on the similarity of RGB |
color features of temperature field cloud map. Firstly, the historical grain data of the grain storage |
was called and pre-processed to remove the random code, error and other data. According to the S
correlation of the temperature at the adjacent temperature measurement points, the grain R (
temperature data of each plane in the grain bulk was interpolated and the temperature field cloud A\
map was generated. Then the similarity of the temperature field cloud map at the adjacent days was P
calculated by the similarity algorithm based on the RGB color feature distribution, similarity
threshold was set according to the similarity of cloud maps during normal storage. Finally, the
abnormal movement in the grain bulk was judged according to the similarity threshold. In order to
verify the feasibility of grain storage regulation based on similarity of temperature field cloud map,
five kinds of abnormal movement in grain bulk were simulated. The five kinds of abnormal
movement respectively were: the half part of the grain bulk at right side and latter side, the quarter
part of the grain bulk at right side and the latter side, and overall of the grain bulk. Similarity ’\ ‘
%Y
/'
Ll |
v

algorithm based on the RGB color feature distribution was used to detect abnormal movement of
grain bulk. Meanwhile, the method based on the similarity of LBP texture feature was also used to
compare with the method, the results showed that the mean of recall rate of the method based on
the RGB color feature distribution was 98.6%, the mean of precision rate was 97.3%, and the

operation speed was about 320 ms/time. The mean of recall rate of the similarity detection —
algorithm based on the LBP texture feature was 97.3%, the mean of precision rate was 96.2% and <
the operation speed was about 540 ms/time. The data were analyzed by analysis of variance, the \{\:.'.
results showed that the influence of anomaly types and temperature plane on recall rate was very =iy
significant and the influence of abnormal type on precision rate was very significant, and the >

influence of temperature measurement plane on precision rate was not significant. Taking into
precision rate, recall rate and algorithm speed consideration, similarity detection algorithm of cloud
map based on RGB color feature distribution was more suitable for the detection of grain storage
supervision. The test of grain storage supervision was carried out, and the results showed that the
algorithm can not only regulate the grain storage, but also detect the local heat in the grain bulk.
The purpose of this study was to lay the foundation for a reliable and simple regulatory approach to
grain storage regulation.<br/> &copy; 2019, Editorial Department of the Transactions of the
Chinese Society of Agricultural Engineering. All right reserved.
Number of references:32
Main heading:Digital storage
Controlled terms:Color - Energy storage - Feature extraction - Grain (agricultural product) - Motion
analysis - Security systems - Signal detection - Temperature - Temperature measurement -
Temperature sensors - Textures
Uncontrolled terms:Cloud map - LBP textures - Monitoring methods - Rgb colors - Similarity -
?‘:ilmilaft:ity algori:)hdem - Similarity detection - Similarity threshold

assification code:525.7 Energy Storage - 641.1 Thermodynamics - 716. i
Theory and Signal Processing - 722.1 Data Storage, Equipmenty and Techniques1 - 712?02“11%130;
Processing and Image Processing - 741.1 Light/Optics - 821.4 Agricultural Products - 914.1
Accidents and Accident Prevention - 944.5 Temperature Measuring Instruments - 944:6
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Issue date:January 25, 2019
Publication year:2019
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Abstract:The supervision and verification of grain bulks is an important segment during storage. X\
Reliable reserves monitoring method for grain storage can effectively guarantee national grain w4
d other problems in 1
T §
/

patial Correlation of

neering, Jilin University,

inese Society for Agricultural Machinery

quantity security. To solve the problems such as time consuming, labor cost an

the manual audit of reserves, a monitoring method for grain storage quantity based on correlation
analysis Wwas proposed. Firstly, t

he autocorrelation and intercorrelation of the temperature > Y,
measurement planes in the grain bulks were analyzed, so that the abnormal date and planes were 2/
detected. Secondly, the autocorrelation and the intercorrelation of temperature measurement lines in
the abnormal date were analyzed, and the abnormal lines were detected in the abnormal date. Then
the autocorrelation and intercorrelation of the temperature measurement points in the abnormal
temperature line were analyzed. The number of abnormal points was counted, and the type of
abnormal occurrence and the abnormal proportion were determined according to the number. At the
same time, the granaries were selected in three storage grain areas: low temperature zone, medium
temperature zone and high temperature zone for correlation analysis. According to the analysis
results, the threshold of autocorrelation coefficient of temperature measurement plane was set to be
0.8, the threshold of change rate of intercorrelation coefficient was [-0.15 d<sup>-1</sup>, 0.15
d<sup>-1</sup>]; the threshold of autocorrelation coefficient of temperature measurement line was
0.8; and the autocorrelation coefficient of temperature measurement point was 0.8. Meanwhile, the
analysis results showed that the correlation between temperature measurement lines and points in
short period can not be used as an anomaly criterion. The supervision test of grain storage was
carried out. The test results showed that the grain storage supervision method based on the
correlation analysis can not only realize the reserves monitoring, but also detect the local heating

and other anomalies of grain bulk. The purpose was to analyze the correlation coefficient of grain j :

temperature data in the granaries of several different grain storage areas, monitor the quantity of 4

grain and provide a theoretical basis for the analysis of grain data in different regions.<br/> &copy;

2019, Chinese Society of Agricultural Machinery. All right reserved.
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