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Design of New Portable Detector for Soil Total Nitrogen Content Based on
High-power Tungsten Halogen Lamp and “One-Six” Special Optical Fiber

LI Minzan YAO Xianggian YANG Wei ZHOU Peng HAO Ziyuan ZHENG Lihua
(Key Laboratory on Modern Precision Agriculture System Integration Research, Ministry of Education
China Agricultural University, Beijing 100083, China)

Abstract; Soil total nitrogen content is an important soil fertility parameter. However, the existed
portable detector of soil total nitrogen content had several deficiencies, such as weak light intensity and
low signal-to-noise ratio. Hence, a new portable soil total nitrogen content detector was designed based
on high intensity light source and special optical fiber. Six sensitive wavelengths were used, which were
1108 nm, 1248 nm, 1336 nm, 1450 nm, 1537 nm and 1 696 nm. A high-power tungsten halogen lamp
was used as the light source to improve the signal intensity, and one-way incident optical channel and six-
way reflected optical channel were realized by using a “one-six” special optical fiber. The performance
test of the detector showed that the conditioning circuit and the tungsten halogen lamp source worked
stably, and the tungsten halogen lamp had higher measurement accuracy than the LED as the active light
source. The prediction model was established by the absorbance values of the detector and the soil total
nitrogen standard value. The highest model accuracy was obtained from a PLS model. The calibration R,
of the model was 0. 8613 and the verification R} of the model was 0. 804 2, which showed that the model
had high precision and could be used for detector model embedding. A field experiment was conducted
and the correlation coefficient between the real-time measurement result of the detector and the soil total
nitrogen standard value reached 0. 828 0. The detector had high measurement accuracy and can meet the
purpose of fast and accurate detection of the soil total nitrogen content in the field.
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Fig. 1  Light intensity distribution map
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Fig.4 Structure diagram of electronic section
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Tab.1 Comparison of different optical fiber properties
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WH RME/V ME/Y TRV %
BB G ET 50 2.21 2.02 2.12 4.3
oy AU BB EF 50 2.86 2.83 2.84 0.7

[i5] %y 780 7 5 S 4 50 2.81 2.78 2.80 1.2
Fifi AL 75 7 BB 2 50 2.78 2.75 2.76 1.3
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Tab.2 Absorbance stability of detector

nm K mME RORfE FHIE %
1108 100 0. 863 0. 881 0.871 1. 14
1248 100 0.818  0.827  0.821 0.95
1336 100 0.806  0.825 0.813 1.03
1450 100 0. 801 0.820  0.810 0.59
1537 100 0. 795 0. 821 0. 811 1.21
1654 100 0. 785 0.819  0.805 1.53
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Tab.3 Comparison of halogen light source and LED

B RS AT R LM LED Fd MY

P /nm
SR e B TG A B W e B 5 A Rk
1108 0.935 0.701
1248 0.931 0.707
1336 0. 946 0. 696
1450 0.938 0. 705
1537 0.929 0.719
1696 0.924 0.702
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Tab.4 Experimental sample statistics
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Tab.5 Performance comparison of different modeling

methods
il S pIlES

B , RMSEC/ RMSEV/

RZ ~ R} ~
(g-kg™) (g-kg™ )

SMLR 0.7679 0.2120 0.704 1 0.1283
BPNN 0.796 1 0.1554 0.7307 0.176 1
PLS 0.8613 0.036 8 0.804 2 0.0230
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