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

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

HIGHLIGHTS 
 Abnormal grain temperature changes were detected by calculating the similarity of HSV features in cloud maps. 
 The F-measures were higher for the improved method than for methods based on HSV and LBP feature similarity. 
 The improved method can detect abnormal heating of grain due to mold activity or spoilage and the fluctuation in grain 

temperature caused by aeration. 
 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-

perature and humidity (Gonzales et al., 2009) and CO2 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; Gastón 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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基于粮温时空相关性的储粮数量监管方法研究

崔宏伟 吴文福 吴子丹 韩 峰 朱浩天 秦 骁
( 吉林大学生物与农业工程学院，长春 130022)

摘要: 针对我国储备粮人工稽核费时、费工等问题，提出了基于粮温时空相关性的储粮数量监管方法。首先，分析
粮堆测温平面的自相关性与互相关性，检测粮堆异常发生的日期与平面;然后，分析粮堆异常日期内异常平面上测

温线的自相关性，检测发生异常的测温线;接着分析异常测温线上测温点的自相关性，检测并统计异常点的个数;

最后，根据异常点个数判定异常种类，进而实现储粮数量监管。在 3 个储粮区( 低温区、中温区、高温区) 中分别选
取粮仓粮温进行相关性分析，根据分析结果设定测温平面自相关系数阈值为 0. 8，互相关系数变化率阈值区间为
［－ 0. 15 d －1，0. 15 d －1］;测温线的自相关系数阈值为 0. 8;测温点的自相关系数阈值为 0. 8;同时分析结果显示，短
周期内测温线与点的互相关性无法作为异常判定依据。进行了储量监管试验，试验结果表明，基于粮温时空相关
性的储粮数量监管方法不仅能够实现储粮数量监管，同时能够检测出粮堆发热等异常变化。
关键词: 粮温; 储粮; 数量监管; 时空相关性
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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 －1，0. 15 d －1］; 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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基于粮温统计特征的粮仓库存状态检测方法 
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摘  要：粮仓历史库存状态的准确检测可以为清仓查库工作提供线索，该文通过分析粮温统计特征，提出了一种基于历

史粮温统计特征的粮仓库存状态（主要包括空仓、新粮、通风 3 种状态）检测方法。利用粮堆上下相邻层温差和粮温的

新异众比例检测空仓态，利用相邻层温差和粮温标准差检测新粮态，利用层温变化率和粮温标准差变化率检测通风态。

提出了一种类多变量决策树的粮仓库存状态检测方法；通过分析 11 个粮仓历史粮温的统计特征，确定了决策树节点特征

参数的最优阈值。最后选择 7 个不同省份的粮仓，利用提出的检测方法进行库存状态检测试验，试验结果显示空仓态、

新粮态、通风态的查准率分别为 78%、74%、91%，查全率分别为 82%、70%、88%。试验结果表明基于历史粮温统计特

征的粮仓库存状态检测方法能够较好的实现对空仓态和通风态的检测，能够基本实现对新粮态的检测。 

关键词：粮食；温度；统计特征；库存状态；空仓；新粮；通风 
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0  引  言 1 

在中国，粮食储藏周期长（一般为 2～4 a），这期间

容易发生以差换好、违规倒仓等影响库存粮食数量的问

题，也容易发生结露、霉变等影响质量的问题，因此需

适时进行库存检查。粮仓库存检查是粮食监管部门通过

人工或机器协助的方式，定时对历史储藏过程中粮仓库

存数量、质量的变化情况进行检查。国家每隔 10 a 会进

行全国性库存实物检查，各省每年也会进行库存检查。

但目前库存检查多由人工完成，工作量比较大，发现历

史储藏中数量或质量问题的难度较大，因此需研究历史

库存粮食状态的检测方法，为库存检查工作提供线索。 

库存检查中质量检查主要是判断储藏过程中粮堆是

否发生结露、霉变等影响粮食质量的问题。目前，关于

粮堆质量预测判断的研究较多，吴子丹团队通过研究粮

堆的物理场、生物场等之间的耦合关系提出了粮堆多场

耦合理论，开辟了运用粮堆温度场、湿度场云图分析粮

食质量变化的新途径[1-4]。Roberta 等[5]研究了筒仓中玉米

储存时的温度场模型。在前期研究基础上，吴子丹团队

利用温湿度场、微气流场等多场耦合模型实现小麦粮堆

结露、霉变位置的分析和预测[6-8]；程树峰等利用温湿度
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场研究了稻谷、玉米、大豆储藏早期的真菌生长规律[9-11]。

上述基于粮堆温湿度场进行结露、霉变的研究提出了一

些预测判断模型，已经可以在库存检查中应用。库存检

查中数量检查主要包括查验检查时的库存数量，同时检

查历史储藏过程中粮食数量发生的异常变化（与出入仓

等指令不匹配）。现有粮仓库存数量检测的方法包括基

于压力传感器检测[12-15]、电磁波检测技术[16]、基于三维

激光扫描技术[17-19]等，上述方法多需在粮仓内加装传感

器，会增加粮仓管理和检测成本。目前，中国大部分粮

库都已经安装了检温系统，检温系统采集获得了大量的

历史粮温数据，部分研究者利用粮温数据提出一些检测

方法，如秦骁[20]提出了储备粮数字监管策略，主要为 AID

策略、3R 策略和 ABC 策略。崔宏伟等[21]通过分析粮温

数据的时空分布规律，提出了利用测温系统内的点、线、

面之间的相关性进行储粮监管的方法；同时提出通过分

析温度场云图 RGB 颜色特征进行储藏数量异常时间的检

测方法[22]。上述研究策略与方法可以在不增加管理成本

的基础上实现检测，但仅能对粮仓异常时段进行检测，

并未对粮仓库存状态进行分类和判断，检测结果仍需大

量人工分析和归类。为此，朱浩天[23]将粮仓库存状态归

类为数量异常状态与质量异常状态，并利用粮温数据的

统计特征基本实现了不同异常状态的检测。但其只依据

一个统计特征判断异常状态，检测结果的准确性和可靠

性不足。 

为充分利用粮仓历史检温数据，提高库存状态检测

结果的准确性与可靠性，同时减轻查库人员的工作量，

为查库工作提供有效线索，本文主要研究基于粮温数据
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摘  要：为保障储备粮按照计划进出仓库，同时减少储粮监管与稽核的工作量，该文提出了基于温度场云图 RGB 颜色特

征的储粮监管方法。调用历史粮温数据并进行预处理，生成粮堆各平面温度场云图，利用温度场云图的 RGB 颜色特征分

布计算云图的相似度，据此设定异常判定阈值，计算相邻时间粮堆各平面云图的相似度，依据阈值进行异常检测，从而

实现储粮监管。同时该文通过模拟 5 种粮堆异常情况，进行了模拟检测试验，并与基于温度场云图 LBP 纹理特征的检测

算法进行对比，结果显示：基于温度场云图 RGB 颜色特征的算法平均查全率、平均查准率、运算速率均优于基于云图

LBP 纹理特征的算法，分别为 98.6%、97.3%、320 ms/次。进行了储粮监管检测试验，结果表明，该方法不仅能够应用于

储粮数量的监管，也能够检测出粮堆局部发热。该研究结果为储粮数量监控方法的提出奠定基础。 

关键词：粮食；储藏；温度传感器；温度场云图；RGB 颜色特征；相似度；LBP 纹理特征 
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1
0  引  言  

中国粮仓储量大，储藏周期长，为保证储藏过程中

的粮食安全，通过监测粮仓内的温湿度[1]、CO2 浓度[2]等

信息，并通风预测模型[3-6]、温湿度或含水率预测模型[7-10]

等调控储粮环境，从而保障储粮安全，以上研究多集中

在品质安全、生物安全等方面，但由于粮库储量较大，若

个别粮库发生虚报贴息、以差换好等违规、违法现象，会

造成较大的经济损失，因此也应进行必要的储粮数量监

管，而且中国粮库分布广使得粮库储量监管与稽核的工作

量大，因此可靠储粮监管方法研究也具有重要的价值。 

目前粮食数量检测方法主要有称重计量法、主动测量

法以及视频监控等[11]。称重计量方法在美国等发达国家的

大型粮库以及中国少量的国家级大型储备库采用[12-13]，但

该方法对设备要求较高、维护成本较高，而且系统检测

结果易受人为干扰影响[14]。主动测量法原理为测距原理，

主要技术包括激光扫描、红外扫描等[15]，但该方法设备

成本较高，而且多应用于煤堆体积的测量[16]。视频监控

系统能够实时监测粮食数量，但视频监控系统易受供电

影响，且监管的视频采用文件方式管理，安全性不足[11]。

目前该领域的主要技术有：基于压力传感器检测[17-18]、
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电磁波检测技术[19]、基于三维激光扫描技术[20-21]等，3 种

技术的应用需在粮仓加装检测设备，容易增加检测成本，

另一方面激光扫描设备价格较高，而电磁波检测易受粮

食种类、温度等因素影响检测精度，上述技术大范围的

推广应用仍需待技术进一步突破。 

针对上述研究存在的问题，本文利用粮库基本配备

粮情监控系统采集的粮温数据进行储粮监管方法研究。

正常储藏过程中，粮仓各测温点每日温度变化较小，相

邻时段测温平面（不一定相邻）各测温点温度相关性较

高[22]，形成的温度场云图具有较高相似度，因此可以通

过检测相邻 2 d 温度场云图相似度实现储粮监管。国内外

学者通过研究图像颜色、纹理、形状等特征检测图像的

相似度。Murala 等[23]采用灰度共生矩阵来描述图像的纹

理特征，并在灰度共生矩阵的基础上进一步推导出二阶

矩、惯性矩、惯性嫡等参数，形成了基于灰度共生矩阵

的纹理特征表达参数族。灰度共生矩阵法准确地描述了

图像纹理的灰度级结构，因此检索效果比较理想。Huang

等[24]提出多特征融合的图像检索方法，通过提取 RGB 颜

色空间的颜色矩与 HSV 颜色空间中的颜色直方图作为颜

色特征，提取改进的 Zernike 矩作为形状特征，灰度共生

矩作为纹理特征，以 3 特征融合计算图像相似度。Ghosh

等[25]提出了颜色一致向量的表达方法，该方法将相同颜

色信息的像素按照连通关系进行区域合并，从而形成颜

色区域和颜色离散点，再进行区域一致性比对来完成图

像相似度检测。Yan 等[26]提出一种分层 HSV 特征与分层

纹理特征提取的图像相似度，并通过仿真试验验证该算

法对复杂背景的相似图像检索性能更优。虽然有关图像




















