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Abstract

In this paper, we present a method of measuring interruptions kinds of a frost and ice at
radiator and control logic of agricultural refrigerator. Firstly, measurement of the frost
and ice is important to reduce the operation efficiency of a refrigerator and prevent a
malfunction. In order to precisely measure the interruptions factor, the fusion module using
both the infrared sensor and pressure sensor is designed with moving window method. The
performance of fusion module with adaptive moving window method is compared to
designed low pass filter on steady state. The compared result is that adaptive moving
window method is more suitable with agricultural refrigerator to measure interruption
factors. Moreover, newly applied control logic shows the result of energy saving as
compared with the conventional control method based on the measurement from designed
sensor module set.
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1. Introduction
With the development of efficiency agricultural techniques combined with smart farming,
the agricultural products are produced without season all over the world [1]. The produced
products are exported to other places or countries in one of the vehicles, trains or ships for
a long time or saved in the storages. To increase the values of products on moving or saving,
it is needed to keep on fresh condition. Therefore, an operating scheme of the installed
refrigerator at the transportation and warehouses is important to hold the product fresh.
There is, in addition, one further point to make. The energy conservation issues have
been raised due to energy shortages caused by reduction of fossil fuels [2]. Refrigerators
are used in various fields as following the previous reason. The elimination of the
interruptions such as the frost and ice is a far-reaching challenge on keeping on fresh
condition and the specific temperature from the energy conservation.
Since several years conventional refrigerators have been operated in a cyclic on-off
manner for temperature regulation and certain period [3,4]. It leads to frequent start up and
shutdown that affects the results on poor energy efficiency. Moreover, its scheme cannot
control the refrigerator appropriately because it does not have a feedback loop system for
the defrost.
In recent years, the various studies of the optimal control method have been researched
by Luis Gomez Palacın [5], He Bingqiang [6] and Masato Kasahara [7]. However, these
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studies focused on how well the refrigerator can keep on a goal temperature without an
energy dissipation based on the system model.
In this paper, we deal with the defrost system with operating scheme of the agricultural
refrigerator. In order to perform the detection of the interruptions, the module using both
the infrared sensor and pressure sensor is designed and applied to the radiator. Specifically,
the frost and ice is main factor in respect of decreasing the energy efficiency. The infrared
sensor and pressure sensor, we used, have advantages of the ease to use and design circuits.
In the other hand, the sensors have a lot of noisy of the measurement under the surrounding
environment. Moving Window (MW) method is applied to eliminate the measurement
noisy. MW method has been widely used in various fields such as robotics, mechatronics
and sensor network. According to depend on the measurement from the designed sensor
module, we can control the defrost system and plan to the operation for energy efficiency
properly. Therefore, we can solve the problem of defrost and achieve the goal of energy
saving.
The rest of this paper is organized as follows. The designed sensor module and MW
method is in Section 2. Section 3 describes the control scheme of refrigerator system. The
result of operating defrost system is given in Section 4. The conclusions are drawn in
Section 5.

2. Designed Sensor Module with Moving Window Method

Figure 1. Frost and ice patterns in refrigerator; (a) steady state, (b) state
after 2 hours, (c) state after 4 hours

2.1. Integrated Sensor Design
The designed sensor module is consisted of an infrared sensor and a pressure sensor with
the advantages of low price, good consistency and easy to install.
In order to detect the frost and ice, firstly the patterns are shown in Figure 1. In Figure
1, (a) is the steady state of refrigerator, (b) and (c) are the operating state after 2 hours and
4 hours, respectively.
In order to detect the interruptions, we have designed the sensor module described in
Figure 2. The module has emitting diode, receiving transistor and pressure sensor.
When the interruptions exist on optical path, the receiving transistor does not receive the
light from infrared emitting diode. There is also pressure sensor between the radiators to
check the frost.
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2.2. Moving Window Method
MW method is used to eliminate the sensor noisy for increasing an accuracy of
measurement.
There are many algorithms of the hardware types and software types, respectively.

Figure 2. Optical Path Schematic of Designed Sensor Module and Test Bed

Figure 3. Circuit of Designed Sensor Module

Figure 4. Time Trajectory Comparison of Raw Sensor Value, Values through
Low Pass Filter and MW Method
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Table 1. Mathematical Analysis of Fig.2 Simple Test
Raw measurement
(1023 / 5 v)

LPF

MW method

Mean ( 𝑥̅ )

815.6886

817.9053

824.1874

Standard deviation ( σ )

67.8982

12.4073

2.9963

Figure 5. Example of Typical Operation of Cooling and Defrost System
We employ the software type for making the measurement data more stable.
An equations of MW method are as follows:

yMW 

xn  xn 1 
n

 xn i

, (i  n) ,

(2.1)

where 𝑦𝑀𝑊 is moving window measurement value, 𝑥 is a sensor value, 𝑛 and 𝑖 are
denoted as window size and posterior set, respectively.
Figure 4 shows a simple example of infrared sensor and then the superiority of MW
method that reduce the sensor noisy efficiently compared with the result of low pass filter.
In Figure 4, cross-dot line is raw infrared sensor value, x-dot line is the result of low pass
filter and o-dot line represents the result of MW method. The data of simple test is collected
for around 1 hours on stable states. The result of the simple test is summarized in Table. 1.
MW method has better performances than others in the points of a mean and a standard
deviation. Specifically, the MW method increases an accuracy about the quadruple
comprised of LPF.

3. Control Scheme of Defrost System
Interruption factors are the frost and ice attached to the radiator grill but it is difference
following the humidity and temperature of the air in a storage. Therefore, the Conventional
defrost system have been operated in Fig. 5. For example, when the cooling is turned on for
4 hour, afterward, the mode of controller is switched as defrost system. It depends on the
user setting. However, the user cannot control it appropriately for all that time.
In order to solve the problems, we used the designed sensor module to detect the frost
and ice. The diagram and flow charts of refrigerator control scheme is shown in Fig. 6.
The data acquisition system can reach the Micro Control unit with obtained measurement.
If the interruptions are detected, the defrost system is operated until the frost is eliminated
( it depends on user setting. )
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(a)

(b)

Figure 6. (a)Diagram of Flow Charts, (b) Defrost Control Scheme
The measurement system is consisted of the infrared sensor and pressure sensor. The
data acquisition system including the control signal and data analysis is shown in Fig. 6 (a).
The operating controller is FOX-2003SS made by Conotec. It allows an external signal to
access defrost operating signal.

4. Experiments and Results
Test system in Figure 7 consists of the refrigerator in warehouse, main controller and
data acquisition system with resistances, applied sensors (four infrared sensors set and two
pressure sensors).

(a)

(c)

(b)

(d)

Figure 7. Test System: (a) Warehouse (b) Refrigerator (c) Radiator Grill (d)
Sensor Set Consisted of Four Infrared Sensors and Two Pressure Sensors
In order to verify the performance of the adaptive defrost system, we experiment the
cooling and defrost repeatedly. In Figure 7 (d), the integrated sensor modules are attached
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in each side of radiator grill in order to make the accuracy higher and checked.
The defrost control signal is based on the sensor module data to determine tuning on the
refrigeration or defrost. When the sensor value is below 150~200, the data acquisition
system determine that the interruptions occur. When the measurement of more three sensors
is the value 1, than the defrost system is operated under the control schematic in Figure 6.
Figure 8 is a case 1 experiments captured from webcam and we can check that the
interruption is grown as time passes without defrost operation. A case 2 set up the defrost
system is operated for 10 minute after 4 hours shown in Figure 9. A case 3 using designed
sensor module is set up and the defrost is determined by the acquisition system shown in
Figure 10. The temperature of All cases is set up as −200 𝐶 in same condition.

(a)

(b)

(c)

Figure 8. Results without defrost operation : (a) start (b) after 4 hours (c)
after 8 hours

(a)

(b)

(c)

Figure 9. Results of case 2 : (a) start (b) after 4 hours (c) defrost operating

(a)

(b)

(d)

(c)

(e)

Figure 10. Results of Case 3 : (a) Start (b) after 4 hours (c) after 5 hours (d)
Defrost Operating (e) Defrost is Finished
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We can check the importance of defrost system using the case 1 in Figure 8. The
interruptions have been imbued in the radiator grill of refrigerator after 8 hours from start.
The case 2 shows the elimination of the interruptions after 4 hours. However, the
refrigeration does not need to defrost operation in Figure 9 (b). When the defrost system is
operated, the temperature is necessarily going up. After finishing defrost work, the
refrigerator has to operate more time to compensate temperature loss and match the goal
temperature. The case 3 using designed sensor module shows that the interruption is
eliminated well properly. Moreover, this case keep the cooling time without going up the
temperature compared with case 2.
The time trajectory of interruption measurement and defrost operation is shown in Figure
11.

Figure 11. Time Trajectory of Interruption Measurement and Defrost
Operation

4. Conclusion
Generally, the refrigeration operates a routine in 4 times or 5 times in a day. However,
its scheme is not efficiency because it cannot be adjustable in each situation of refrigeration
such as how much the ice or frost is in the radiator and more than expected ice or frost occur
as effecting external environments or the door of refrigeration is open. Therefore, we
present a method of measuring a frost and ice to increase an efficiency of refrigeration, also
the infrared sensor and pressure sensor are applied to obtain an accurate data. The results
of experiments show that the interruption can be obtained well and save the energy more
efficiently than typical routine operation. The further plan is calculating how much the
energy can be saved using the inverter control.
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