Int. J. Electrochem. Sci., 8 (2013) 5479 - 5486

International Journal of

ELECTROCHEMICAL

SCIENCE
www.electrochemsci.org

Soil Near Infrared Composition Detection Apparatus Design

Xiaoyu Yu”, Yunbo Shi, Yitong Wang

The Higher Educational Key Laboratory for Measuring & Control Technology and Instrumentation of
1—|ei|ongjiang Province, Harbin University of Science and Technology, Harbin 150080, China
E-mail: woshiyuxiaoyu@yahoo.com.cn

Received: 26 February 2013 / Accepted: 19 March 2013 / Published: 1 April 2013

In this paper, we focus on the needs for realizing fast and nondestructive measurement of total nitrogen
and organic matter content in the soil, designed a near infrared soil component content detection
apparatus. The reflected light intensity, which carried the sample internal characteristic information,
was measured the total nitrogen and organic matter content indirectly. The structure of the paper is as
follows: First of all, designed the system hardware part with the Czerny-Terner grating splitting optical
path. The apparatus hardware consisted of mainly light path and electrocircuit. The light path included
light source, spectral element and photoelectric conversion element. The electrocircuit part included
amplifies, filters and A/D converts. The diffuse light was converted to electrical signal by the
photoelectric conversion element, and then the digital signal was displayed, stored. Secondly, using the
partial least square method to establish soil component content near infrared application model.
Finally, the performance of the apparatus was verified with soil samples test. The experimental results
showed that: near infrared reflectance and the soil total nitrogen and organic matter content had
significant correlation, the determination coefficient, which was obtained by the partial least squares of
the total nitrogen and organic matter, was 91.84% and 81.06%. Thought the experiments proved that
the apparatus can basic meets for soil component content detection requirements in agricultural
production.

Keywords: Near infrared spectrum instrument; Diffuse reflection technology; Soil component content
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1. INTRODUCTION

The soil total nitrogen and organic matter content can reflect the crop growth supply ability
which is an important index to measure the soil fertility. Therefore, the measurement of soil total
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nitrogen and organic matter content can generally understand soil fertility conditions [1]. But the
traditional measurement method is getting soil samples back to analyse in the lab. This method, which
not only requires that the experimenters should have higher skill level but also needs high cost,
seriously restrict a wide range to popularize the soil fertility testing [2-3]. In recent years, with the
development of optics, computer technology and chemical measurement technology, the stability,
practicability and accuracy of near infrared spectrum instrument have been improved. And the
advantages of NIRS such as: rapid, simple and nondestructive testing are being known. Because of the
huge advantages, which near infrared spectrum instrument has, this paper focused on that near infrared
spectrum instrument can be introduced into the soil parameters measurement [4-6].

Bowers and Hanks Al-Abbas[7] of the United States found that in near infrared region the
characteristics grain trace of soil organic matter had relationship with organic compound several
functional group. B. Wangner[8] made use of NIRS (wave number 3850~10000cm™) to predict the soil
organic matter content, The correlation of NIRS prediction and chemical measurements were very
good (R*=0.91). M. Chodak[9] made use of NIRS to predict nitrogen content of woodland organic
layer and the results showed that NIRS could well predict the nitrogen of soil organic layer contained
with the chemical measured value and the value predicted by NIRS regression coefficient between 0.9
and 1.0, the correlation coefficient R%>0.9. Reeves and Mccarty[10] used NIRS method to forecast the
soil total nitrogen content, scaling and the predicted results indicated that if the soil types changed a
lot, the was a bit poor, if soil types changed less, forecast effect was more accurate. Cheng-Wen
Chang[11] predicted soil total nitrogen content by NIRS, the correlation coefficient R%>0.85. They
predicted soil total nitrogen according to an independent spectral response to the NIRS, not according
to the prediction relationship previous between the total organic carbon and total nitrogen. K. W.
Daniel[12] collected 41 soil samples in Thailand tropical to predict organic matter content with the
regression modeling, analysis showed that organic matter had strong absorbance in the 520 nm, 960
nm and 1100 nm. From these scholars' research, the detection of soil total nitrogen and organic matter
content based on near infrared technology has proven to be possibility and feasibility[13-15]. Recently,
more and more scientific research workers paid attention to develop spectral instrument, and had
successfully studied and developed many types near infrared spectrum instrument applied in different
areas, we had made great progress in instrument and application software development.

Therefore, this research devoted to develop a near infrared soil composition detection apparatus
to meet the on the field condition, and tested performance of the apparatus through experiments.

2. EXPERIMENTAL DETAILS

The instrument was designed by the measurement method of near infrared diffuse reflectance
spectrum which light source and detector in the same side of sample. The diffuse light intensity
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depends on the light absorption caused by the physical condition of the samples. Diffuse reflection
abides the Kubelka-Munk equation:

e X DO I

Including: A- reflection absorbance of diffuse reflector. R« - diffuse reflector’s diffuse rate.
K - diffuse reflector’s absorption coefficient. S - scattering coefficient of diffuse reflector.

When K /S is in a certain range, Aand K /S can use the linear relationship to replace the curve
relationship.

A=a+b(K/S) @)

The K /S function of diffuse reflection spectrum:

F(R-)=K/S =bc 3)

b is constant which has relationship with sample mole absorption coefficient and optical path
parameters; c - sample component concentration. That is, they were direct proportion relationship
between a function and sample concentration. Therefore, as long as the sample absorbance is
measured, we can know the content of samples.

Fig. 1 shows the principle block diagram of the soil composition detection apparatus.
Apparatus mainly was divided into light path and circuit part. The light path part included: light source
system, beam-splitting system, integrating sphere and PbS detector. Circuit part included: amplifying
circuit, phase sensitive detection circuit, single-chip and wavelength control drive and so on.
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Figure 1. Block diagram of the system

First of all, compound infrared light was modulated by the beam chopper of light source
system. The modulated light was divided into monochromatic light by grating, then monochromatic
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light passed through the integrating sphere and irradiated sample pool. The reflected light from the
sample was received by the detector, which converted optical signal to electrical signal. The electrical
signal was magpnified, filtered, then the data of sample component content was displayed, transmitted
and stored by upper computer. The spectrogram of absorbance was shown on the PC after receiving
transmitting data from the serial port.

Czerny - Terner grating spectral optical path was utilized to design light path, the light path
structure principle block diagram was shown in Fig. 2.
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Figure 2. Block diagram of the optical structure

Apparatus selected bromine tungsten lamp as light source. Compound light, which was
modulated by the beam chopper, irradiated to the collimating objective. The compound light was
collimated into parallel light by the collimating objective in order to produce monochromatic light with
plane blazed grating which its wavelength was 1500 nm. The modulation frequency of compound light
was designed 500 Hz. The parallel compound light was divided into monochromatic light which was
arranged according to the order of wavelength. The grating was drove by a stepping motor which step
Angle was 1.8°, when motor went forward a step with monochromatic light wavelength changing 1
nm.
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Figure 3. Block diagram of the electronic circuits

Then monochromatic light that we needed focused on the sample by the focus objective,
sample pool window was designed on the other side of integrating sphere incident window. Diffuse
light reflected by the sample accumulated and stacked in the integrating sphere, then the diffuse light
was received by detector which was placed on 90° direction of integrating sphere side for photoelectric
conversion, the circuit part analysed electrical signal that was converted from optical signal which
carried the information of the sample. PbS detector was selected as photoelectric converting device
because of its sufficient response range.

The circuit part of the apparatus included detector, preamplifier, bandpass filter, lock-in
amplifier, SCM and grating stepping motor driver and so on. Part of the circuit principle diagram was
shown in Fig. 3.The apparatus spectral range was designed 1~2.5um, we selected the PbS detector as
photoelectric converting device because of considering the basis of factors such as the response
wavelength range, response time and cost. Due to the apparatus using the technology of near infrared
diffuse detection, the signal of the detector was very weak, so we need to adopt bandpass filter for
filtering after the level of amplifier to amplify. We chose AD620 instrumentation amplifier and UAF42
active filter as an amplifier stage and bandpass filter. AD620 can regulate magnification through an
external potentiometer, UAF42 can also be designed bandpass work mode by external programming
resistance. Although a clean sine wave signal was obtained through the UAF42 can obtain, the signal
variation was small, so the phase sensitive detection technology was used to further improve the
signal-to-noise ratio of the apparatus. A phase shift circuit composed of OP07 and AD630 modulator
structure constitute phase-sensitive detection circuit which output was a DC signal, and the data was
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converted by A/D conversion, then was processed by the single chip microcomputer, finally the data
obtained was transmitted to the PC to draw the diffuse reflection spectra.

3. RESULTS & DISCUSSION

We used the northeast black earth as test samples which acquired from field environment.
Acquisition depth was 20cm below the surface of earth and the weight of the sample was 2 kg. The
sample was spread out for natural air drying in the indoor, grinding into powder after it was dry. Then
used 1 mm sieve to filter, each group sample was divided into two seals to save after filtering. One of
the seals was for a chemical method being a reference to measure organic matter and the exact value of
total nitrogen content, another seal as the establishment of the forecasting model.

Before beginning the experiment, the apparatus should be on 30 minutes to warm up, after the
apparatus stability, a standard white board was used to instead of samples, the signal of apparatus
output was recorded. Then the soil samples to be measured were put in the sample pool, the output
signal was obtained to calculate the soil sample absorbance. Fig. 4 was a near infrared spectral curve
got with all soil samples obtained multiple spectral scanning. The chart clearly showed that in the
vicinity of wavenumbers of 7150 cm™, 5300 cm™ and 4750 cm™ (wavelength of 1400 nm, 1900 nm
and 2100 nm ), each group of spectral curve of samples in certain wavelength had obvious change, and
the change rule and trend of each group of measured sample spectrum curve were basically the same,
the absorption peak number and position were also the same. Because of the characteristic absorption
peak, the soil samples were measured in the corresponding wavelength. Each group of samples of
absorbance were different because of different factors influenced it which the sample particle’s size or
dry degree of each group of samples.
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Figure 4. The NIR reflectance spectra of the samples
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Figure 5. The prediction model of TN in the samples
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Figure 6. The prediction model of OM in the samples

Fig. 5 was established through the test of the soil total nitrogen content partial least squares
forecast model, decision coefficient was 91.84%, calibration standard deviation was 0.1805.

Fig. 6 was established through the test of soil organic matter content partial least squares
forecast model, decision coefficient was 81.06%, calibration standard deviation was 0.3656.

Previous work, such as the references [8] and [11], deal only with predicting the soil organic
matter content or the soil total nitrogen independently. The correlation coefficient of the organic matter
and total nitrogen were 0.91 and 0.85 respectively with an universal spectrum instrument was used to
predict in laboratory environment, but this method can not give full play to the advantage of the NIRS.
The results of this paper were obtained in field environment with the apparatus, which designed for
special application, had roughly the same accuracy with the published paper. This apparatus
emphasized the portability and the detection capability in the field environment, the experiment results
showed that this apparatus was suitable for large-scale application.
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4. CONCLUSION

A soil composition detection apparatus based on near infrared diffuse reflection technology
was designed using the Czerny-Terner grating spectral optical path structure, designing the signal
processing circuit of back end signal amplification, phase sensitive detection and serial interface
communication. The single chip microcomputer controlled the drive of underlying and displayed the
value of soil total nitrogen and organic matter content measured value, the upper computer stored the
spectral data and displayed spectrum diagram. The apparatus performance test results showed that the
apparatus performance basically met the design requirements. The soil total nitrogen content and
organic matter content all have the very high correlation with the near infrared absorbance, prediction
model decision coefficient were 91.84% and 81.06% respectively, the apparatus can completely satisfy
the measurement demands of the agriculture, the near infrared spectrum apparatus in special field
application had certain promote significance and practical value.
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