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Temperature monitoring in cold chain chamber based on temperature
sensing RFID labels

Qian Jianping*?, Fan Beilei*?, Zhang Xiang"®, Du Xiaowei'?, Sun Litao™®, Wang Yizhong®
(1. Beijing Research Center for Information Technology in Agriculture, Beijing 100097, China; 2. National Engineering Laboratory
for Agri-product Quality Traceability, Beijing 100097, China; 3. College of Electronic Information and Automation, Tianjin
University of Science & Technology, Tianjin 300222, China)

Abstract: Temperature is the core of cold chain and its monitoring plays a fundamenta role on controlling temperature and
reducing energy consumption comfortably. With the development of information and communication technology, the
monitoring of cold chain temperature has been developed from single point to multipoint, from wired to wireless, and from
delayed to real-time. Compared with the temperature monitoring based on WSN (wireless sensor network), the temperature
monitoring based on RFID (radio frequency identification) has the characteristics of low cost, low energy consumption and
high flexibility. For the problem of lack of effective data validation with RFID temperature tags applied in the processing of
cold chain logistics temperature monitoring, a cold chain simulation chamber was used for this study. The chamber’s wall
thickness is 15 cm and the refrigeration unit is fixed at the lower part of a circulating fan with a diameter of about 0.30 m.
Twelve boxes of apples were placed in the middle of the chamber to provide a stable source of respiratory heat. Temperature
monitoring experiment was designed through deploying 42 temperature sensing RFID tags in the chamber. The chamber space
was divided into 3 types of virtual sections, i.e. 7 cross surfaces, 3 longitudinal sections and 2 layers. The experiment was
lasting for 69 h from 14:00 on December 7 to 11:00 on December 10 in 2016. It was split into 3 stages according to the
temperature's diversification, which were mechanical cooling, cold chain keeping and temperature recovering. Simultaneously,
7 portable temperature recorders were deployed in the sites selected from 42 temperature sensing RFID tags points to record
the temperature, and the difference between the 2 temperature monitoring methods was compared. In addition, temperature
spatial simulation data with CFD (Computational Fluid Dynamics) were compared with the temperature sensing RFID tag data
to analyze spatial difference. The recording interval was 4 min. Characteristics of temporal and spatia variation were analyzed
through the experiment and using Microsoft Excel 2010 software, CFD simulation software and Fluent 15.0 solver. At each
point 1 035 data were collected, and 43 470 RFID tags data for 42 points were collected in the experiment. Seven synchronous
data from portable temperature recorders and temperature sensing RFID tags showed that temperature difference between the 2
temperature monitoring methods in the range from —1.0 to —0.5 'C and from —0.5 to +0.5 ‘C accounted for 24.6% and 43.6%
respectively. The result indicates that it is feasible to use RFID tags for temperature monitoring in cold chain processing.
Further, temperature monitoring data from 42 RFID tags in the 3 different stages showed that, time consumption in the
mechanical cooling stage was less than 1 h, temperature fluctuation in the cold chain keeping stage between 0to 4 °C was
obvious, and time consumption in the temperature recovering stage was about 49 h. Through deeper analysis on the
temperature monitoring data of different virtual sections from the mechanical cooling stage and the cold chain keeping stage,
the result showed that temperature difference in the initial cooling stage was unstable and spatial distribution in the
temperature calm stage was significant. Specialy, the feature that the site nearer to the outlet had faster cooling was evident.
Taking the average temperature of T2 (No.2 cross surface) and T6 (No.6 cross surface) as an example, the data acquired by
temperature sensing RFID tag were compared with CFD simulation data. Except for the interference of measurement precision,
RMSE (root-mean-square-error) and ARD (average-relative-deviation) of T2 were 0.73 'C and 13.58%. RMSE and ARD of
T6 were 0.56°C and 10.94%. Spatial consistency was verified. The research result can provide the reference for achieving low
cost and continuous temperature monitoring in cold chain logistics. The follow-up studies can be enhanced by improving
package design label or the use of high precision sensor, with better application in the whole cold chain of tracking.

Keywords. temperature distribution; monitoring; cold storage; cold chain; radio frequency identification; computational fluid
dynamics; sensing label



