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Abstract. The weighing lysimeters provide scientist the basic information for
research related to the evapotranspiration, high quality of the collected data from
lysimeters is of great significance. However there are many factors that can affect the
measurement accuracy of the weighing lysimeter. In this paper, a data acquisition
system was developed to collect the data from 24 weighing lysimeters. The
calibration process of the load cell was described. An outlier detection method based
on the 3-sigma rule and the median filter was proposed to improve the measurement
accuracy of the weighing lysimeters. The performance of the proposed method was
compared with the method based on Savitzky-Golay filter. Results show that the
standard deviations of the 15-point median filter and the 15-point Savitzky-Golay
filter applied to the 283 data points were 0.413Kg and 0.422Kg respectively, which
means that the performance of the median filter was better than the Savitzky-Golay
filter. Moreover the outliers were successfully eliminated using the median filter and
were not removed by the Savitzky-Golay filter.
Keywords: Weighing lysimeter, outlier detection, median filter, Savitzky-Golay
filter

1

Introduction

Evapotranspiration (ET) is used to describe the sum of evaporation and plant
transpiration from the Earth's land surface to atmosphere [1]. Evapotranspiration is an
important part of the water cycle. Precision measurement of the evapotranspiration is
of great importance for accurate irrigation scheduling due to economic factors and the
scarcity of water resources in many parts of the world [2]. It is also very important for
the protection of ground water resources by studying soil water movement and
nutrient transportation through the lysimeters.
There are various methods to measure the evapotranspiration, but weighing
lysimeters are most accurate and widely applied. The weighing lysimeter was used to
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measure the evapotranspiration directly by measuring the change in mass of an
isolated soil tank. When the drainage and the water input such as irrigation and
precipitation are taken into account, the evapotranspiration of the crop and soil can be
accurately determined. Many works have been done in the construction and
installation of weighing lysimeters and the measuring principle of the weighing
lysimeter was described [3-6]. Some advanced data acquisition systems equipped with
high-precision load-cell for the weighing lysimeters have been developed [7-9].
Much attention has been paid to the research on the application of the weighing
lysimeter. Su Meishuang et al. studied the crop water demands for sprinkler-irrigated
winter wheat and sweet corn using a weighing lysimeter and calculated the crop
coefficients [10]. Niu Yong et al. employed a large-scale weighing lysimeter to study
cucumber transpiration processes in solar greenhouse and established three empirical
models for estimation of cucumber transpiration rate [11]. Changming Liu et al.
studied the daily evapotranspiration of irrigated winter wheat and maize using a largescale weighing lysimeter to improve field water utilization efficiency [12].
Because weighing lysimeters provide scientist the basic information for research
related to the evapotranspiration, high quality of the collected data from lysimeters is
of great significance. However there are many factors that can affect the measurement
accuracy of the weighing lysimeter. The error analysis of the collected data from
lysimeters indicate that evapotranspiration uncertainty was sensitive to number of
rainfall events, the daily percolation quantity, load-cell uncertainty and potentiometer
uncertainty [13]. The accuracy of lysimeter was directly proportional to the surface
area and the accuracy of the scale and inversely proportional to the lysimeter mass,
was also limited by the resolution of the datalogger or data recording system [14]. The
systematic measurement error caused by the load-cell and the data acquisition system
can be minimized through regular calibration [15-17].
But the error caused by the mechanical vibration and the change of environmental
factor such as the wind speed and soil temperature was stochastic, cannot be
eliminated through the calibration process. R. W. Malone et al. found that electronic
changes can affect the performance of the weighing lysimeters and provide a
statistically valid quality control plan using control charts to improve the
measurement accuracy of the weighing lysimeters [18]. P.J. Vaughan et al. pointed
out that lysimeter and improved the lysimeter data processing to eliminate bad data
and minimize variations in the measurements through noise reduction method based
on a seven-point Savitsky-Golay filter [19-20]. However, the Savitzky-Golay filter is
useful for to eliminate noise with high frequency, but is less successful to detect the
high magnitude and low-frequency noise such as sharp pulse noise. In order to
improve the measurement accuracy of the weighing lysimeters, it is important to
detect the outliers in the measurement data and eliminate them.
In this paper, a data acquisition system based on outlier detection method is
developed. The outlier detection method is based on the combination of two digital
filters, one is the filter of three sigma rule and another is the median filter. The
hardware and software design of the data acquisition system is described, as well as
the calibration process of the load-cell sensor. The data processing result is compared
with the one based on Savitzky-Golay filter.

2

Materials and methods

2.1

Description of the system

The weighing lysimeters system is located in National Precision Agriculture
Demonstration Station in Xiaotangshang Town of Beijing. The system is consisted of
24 lysimeters with 1.0m*0.75m*2.3m (L*W*H). The machine structure of the
lysimeter was counter-balanced and the schematic diagram of the lysimeter is shown
in Fig.1.

lysimeter
counterweight mass

load cell

Fig. 1 The schematic diagram of the weighing lysimeter
The load cells used in the system are NS1-3M2-100Kg with a sensitivity of
1.9951mV/V for the lysimeters and the NS6-2-50Kg of 1.9969mV/V for percolation.
A four-wire bridge configuration is used for load cells in which 2-wire for the input of
the excitation voltage and 2-wire for the output of differential voltage. As the change
of the mass of the lysimeter can be measured using the load cell. The measurement
data of the load cell can be converted to the evapotranspiration (ET), usually
calculated by mm, through dividing the change of mass by the surface area of the
lysimeter 0.75m2.
A station for observing climatic parameters was establish to collected the data of air
temperature, precipitation, solar radiation, humidity and wind velocity/direction. Then
the ET could be calculated using the following equation:

ET  P  I  Q  R  S

(1)

Where P is the precipitation, mm; I is the irrigation, mm; Q is underground
drainage, mm; R is surface runoff, mm; and S is the change of the amount of
water stored in a certain period, mm.

2.2

Design of the data acquisition system

In the developed data acquisition system, a master/slave structure is adopted. The
measurement system consists of communication modules, data acquisition modules,
personal computer, RS485-RS232 converter and software. The schematic of the data
acquisition system is shown in Fig.2. The data acquisition module is developed based
on a 16bit Analog/Digital Convert (ADC) and a 16bit Digital/Analog Converter
(DAC). The ADC is used for differential-input of the load cells, and the input range is
configured as -15mv to +15mv. The DAC is used to provide +5V excitation voltage
with 40mA maximum driven current for the load cells. Each data acquisition module
can connect to 3 load cells. There are 24 load cells for the lysimeters and 24 load cells
for percolation and total 16 data acquisition modules. Every 4 data acquisition
modules are connected to a communication module and the 4 communication
modules are connected to a personal computer via RS485 bus and a RS485 to RS232
converter. Software was developed to collected data from the data acquisition
modules and a user-defined communication protocol based on Modbus was adopted.
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Fig.2 The schematic diagram of the data acquisition system

2.3

Calibration of the load cells

In order to improve the weighing accuracy, the calibration of the load cells is needed.
The calibration can be used to convert the voltage of the load cells into the weight of
lysimeters. During calibration procedure, the load cell output was measured every 3
seconds and the average of the 1-min data is calculated. The mass weight is 6.932Kg.
Each time a weight was added and the corresponding voltage of the load cell was
recorded. Total 6 weights were cumulatively added. The calibration procedure was
conducted for all 24 lysimeters and the calibration line is ploted. The data processing
was finished using Microsoft Excel 2011.

2.4

Outlier detection of the measurement data

The load-cell mass data were recorded every three seconds and the measurement
results were saved in txt file for further processing. The data measurement was
conducted from 14:42pm of 9th March to 9:39am of 18th March, 2011. For easy
analysis, only the data of the No.2 lysimeter collected in 14th March was used for
further processing. First, the outlier of the measurement data was detected based on 3sigma rule. The data out of the range of [mean-3sigma, mean+3sigma] was defined as
outlier and eliminated. The data over a 5-min period (100 total values) was used as a
group to calculate the mean and the standard deviation. The data from 100 total values
after eliminating the outliers were used to calculate the averages. Second, the 5, 7, 11,
15 and 25 points media filters and Savitzky-Golay filters were applied to the averages
respectively. The performances of the two-type filters were compared. The mean and
standard deviation were used to evaluate the performance. The data processing was
finished using Matlab 2011 and Microsoft Excel 2011.
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3.1

Results and Discussion

Load cell calibration results

The 24 lysimeters were calibrated respectively. The calibration results of No.1 and
No.2 lysimeters were shown in Fig.3. There was a strong linear relationship between
the load cell output (mV) and the calibration mass (Kg). The determination
coefficients of the No.1 and No.2 lysimeters were 0.9998 and 0.99992 respectively.
The calibration equations were established and the calibration coefficients were used
for the conversion from the load cell output to the change of mass of the lysimeters.

(a)

(b)

Fig.3 Calibration results of (a) No.1 lysimeter and (b) No.2 lysimeter

3.2

The outlier detection results

The 28300 data points collected from No.2 lysimeter were used for outlier detection.
The result after the outlier detection using the 3-sigma rule and the averaging of the
100 data points was shown in Fig.4. After the above processing, there were 283 data
points used for further processing. It was obvious that there were some outliers in the
283 data points and should be eliminated.

Fig.4 Data processing using 3-sigma rule and averaging
The 5, 7, 11, 15 and 25 points media filters and Savitzky-Golay filters were applied
to the 283 data points respectively. The mean and standard deviation of the different
filters were listed in Table 1. As shown in Table.1, the standard deviation using the
media filter reached a minimum when the data point of the filter was 15-point. And
the standard deviation of the media filter was smaller than that of the Savitzky-Golay
filters, which means that the performance of the median filter was better than the
Savitzky-Golay filters.
Table 1. The mean and standard deviation of the 5, 7, 11, 15 and 25 points media
filters and Savitzky-Golay filters
5-point
7-point
11-point
15-point
25-point
Meadian filter
Mean
493.814
493.813
493.813
493.811
493.813
Standard
0.415
0.414
0.414
0.413
0.414
Deviation
Savitzky-Golay
Mean
493.823
493.824
493.824
493.824
493.824
Standard
0.432
0.427
0.424
0.422
0.420
Deviation
The processing results using 15-point median filter and 15-point Savitzky-Golay
filters were shown in Fig.5. The outliers in the Fig.4 were successfully removed after
using the 15-point median filtering as shown in Fig.5a. However, the outliers still
existed after using the 15-point Savitzky-Golay filtering.

(a)
(b)
Fig.5 Data processing using (a) 15-point median filtering and (b) 15-point
Savitzky-Golay filtering

4

Conclusion

In this paper, a data acquisition system was developed to collect the data from 24
weighing lysimeters. The calibration process of the load cell was described. An
outlier detection method based on the 3-sigma rule and the median filter was proposed
to improve the measurement accuracy of the weighing lysimeters. The performance of
the proposed method was compared with the method based on Savitzky-Golay filter.
Results show that the standard deviations of the 15-point median filter and the 15point Savitzky-Golay filter applied to the 283 data points were 0.413Kg and 0.422Kg
respectively, which means that the performance of the median filter was better than
the Savitzky-Golay filter. Moreover the outliers were successfully eliminated using
the median filter and were not removed by the Savitzky-Golay filter.
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