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Vehicle-mounted Soil Total Nitrogen Rapid Detection
System Software Based on Windows

ZHOU Peng YANG Wei JI Ronghua LAN Hong LI Minzan
(Key Laboratory of Modern Precision Agriculture System Integration Research, Ministry of Education
China Agricultural University, Beijing 100083, China)

Abstract: Soil total nitrogen (STN) content is an important parameter to ensure the normal growth of
crops and measure the nutrient abundance of soil, and it is also the most important indicator for variable
fertilization decision of crops in base fertilizer period. In order to establish a set of rapid online
measurement method for soil total nitrogen content, a vehicle-mounted soil total nitrogen detection system
software was developed based on Windows. The design of the detection system included architecture
design and function design. The MySQL database management software was used as the database for
development and design, and the data interaction between the detection system software and the MySQL
database was realized; the software function design mainly included the main interface design of the
detection system, the design of data acquisition and analysis interface, and the trajectory mapping
interface design of the soil data detection points based on HTMLS geolocation technology. When the
vehicle-mounted soil total nitrogen detection system performed soil detection, soil spectral data at different
sensitive wavelengths were collected by the software of detection system, and soil total nitrogen content
was obtained by inversion of the soil total nitrogen content prediction model embedded in the software of
detection system. Simultaneously, the acquired GPS information was used to generate the trajectory map
of the soil data detection points through the HTMLS geolocation technology. Finally, the software of
detection system was tested. The test results showed that the vehicle-mounted soil total nitrogen rapid
detection system software could effectively collect and display soil spectral information at different
sensitive wavelengths, soil total nitrogen content and GPS information, and accurately generate the
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trajectory map of soil data detection points. It proved the reliability and stability of the software working of

vehicle-mounted soil total nitrogen rapid detection system based on Windows. It could meet the needs of

field online rapid detection of soil total nitrogen content and generation of soil data detection points

trajectory map.
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Fig.1 Design diagram of vehicle-mounted soil

total nitrogen rapid detection system
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Fig.2  Functional framework chart of detection
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Fig.4 Flow chart of data collection and analysis
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Fig.6  Working flow chart of detection system software

2 RAUERFREZISIE

2.1 BHEX|M
HR A 2 28X+ A A PGE R R R T R
WA EHFR , AR 3 Ge 301 I & 5 58 30 1] B 2
WER G E R SRR S R, LB
PRUEF P S0 A G, (AN ) S50k i R P
BT C#/MFC HESRTF A& T A4 L 2 Ak
K 22 G5 58 | TRIERE SR FH HTMILS i B A7 8 o7 i R



218 Ko MO ¥

20194

SEEBRGT - ERCHE I 5 R B 2l C#E i C
FC+ + A R A T ) X R AR B 5, B e 4k
A C A C+ + 3 KINBEM R s T — 211 &
Fehetl TR R AT e, MFC 2 R
AR HERYZEE  IZEIE 34 T Windows API, 43
FE R TREPIRESE /N T o g At 2o 2 op i AR
éﬁg%[%—%] .
2.2 WK

MR R GE AT & SE B X AT
AL R PR 4y, — #B h k I &R G AR F AE
Windows -5 2 4t 118 FH P Fae 258 3t 5 5 — 358
Sy AR R G TAE T S AR e e, %1
SR R e A IR A

®1 RNRGRENRER

Tab.1 Detection system software test

e Wt G AT R

WL Windows °F £ Witz stk
Windows XP N e TAE
Windows 7 BT R TAERLF
Windows 8 BT R TAERRE
Windows 10 AT R4S TAERE

X R 2R G 3K A AE AR Rl Windows ~F- 15 R Ge itk
A7 7 A5 SRR, RGEAAFAE Windows 7 K&
VI ERGF-51817 RAF, M AE Windows XP RGF-5
ANRBIEH BT ; [R] B X Az I 28 8 42 (%) T4 ml Sk
ARG M AT, 0 A I 2R e AR A
B R AT R bR A5 23 15t O L R, 22
B, 7E Windows 7 ZRGF G0, Kl RE 21T R
U, FUHR B — R R A R 1 50, 1T 7E Windows 8 Fll
Windows 10 R4 F 150, kel R Gz 1,
VA AR S 5 1O
2.3 FEHEERER

2018 4F 8 J 26 HTEHE Ak K2 b S vl
EAT T A0 22 48 004 1 ) 03, e 038 2R 8
Windows 10 5 &40, MR I 2 G 32k 7 H (7]
RGN B P e P R ] S P () 3K 32 Ry R
w53, MR SR B A0 1 ] 5 i 3R G A 1A
(I ATEENE o R T XA X 35 4 SR A — A FE A Y
T, T B PR ST M X R AE A B TR R
VEFE 4 3] 16 173 64 A8, fE AN 28 m AL ICE — A
INELTEENE MARAT (8 T8 iR AR

FESEAT L3RI B, 45008 R A B 1A [R5
R AR HHOGIRE B GPS {5 B C101 T4k
T B AR BRI 2R e 4 |, G5 B R A
P LA SR, LRI S B1F B A 24K
PR ST N — SR B ER AR T i o I

T —24% GPS {5 B HEA T (0 B B E LU, A R I (i
R /M B ) R, D) 080 T 140 2
b7 By A WA NS 5 4 32 oW, 7 B Y S PR S R A4
YRR L3 Hr S 1] 8 Sy aule Ji P i

gf)%]\]]:?;é‘iz;skgzlsﬁl&?é;;o 5169,0.5121,0.6943,0.8306,0.5593,0.5283,0.8382,

#0012,40.079473,N,116.36113,E,0.6793,0.5356,0.6101,0.8166,0.6321,0.5803,0.8642,
S-TN:0.1364mg kg-1,SM:8.39%

Letitude:  [40.079473N | 1s50m: 0.6321

Logitude: [ 11636113,E 16800a: 0.5803

10700m: 0.6793 1450um: 0.8642

11300m: 0.5356 T 0.1364mg kg-1

- -

1375on: 03166
K7 BlaR A Ko b St

Fig.7 Data acquisition and analysis interface

[Clew daea| | Save data |

o o X

gom B

PSR A
Fig.8 Trajectory mapping interface

TR R S 3 M BT, Ay 17 FH P B 7 e i Xof
KBRS T AR, B Fe BT R B RN 43 B I 1) A5 S
B AR IEAT IR o I3 g P A T e S R A 21 1Y
GPS o #A5 B S [RL AT 7, I (58 P 6 00508 B
I B B TR,

(] X A6 I 2R e 0 A7 17 P P SR T ik S
R P RED I, P S e S I o AR
D ARPRE P A2 47RO, DA R I 5 T 22 ) ke
SEARNG , B 1A AR A R A o R v i PR %8 | i
BBFEARES B 1 ] ) G 0 3 2 B % K H B
BE W8 A55 32 BT 90, R G A AE 030 i &1 5 T i
RET IR AR, Bl s B a3l i AL R
T AR 2R G HE L I 28 15 5, DRt AE 2900 i KT 2
AR i 4G F2G 2% AR W 4815 5%
TS AL

3 S R A 2R 8 A A 1) 43T, A T R G 2 A
IR L ) P KB - R R G R ok 1B
WA IER AR P 5 B, R B 5 R E IR S



T

219

WE BT R RS EOE MIF T
SHAG AR W TAE 7N 4IR DL 2215
FHE R sl PR BEARZS | SRR A L 307 B A5 B A
REIEFIbR I AL R

23 XA I R G R A (R I, 7 N 4 R
BAEE IS B EOUT R Y I W18 1T, %&?}%’
KA BT UIREIE R TAE B0k il & D) Bt ) 3R 7
EE BT IR0 s AIBRIC ; T 7R 4515540 25 A
FAREE BRSO T AR Y R X AR
AR IF B RS GA A THERR . Kl R Ge k4
IR, SRR 0A K R GE AR RE ST 42 1 e
RPN R R HER  TARRRE AT g,

3 #Fig

(1) £F C#M1 HTMLS 347 B @ 7 5 AR 52 31

T 3 A E P UG I R S8 A T K TR
TEFE MySQL HIHia FE FR AR Ry e T 22 4958 A 80 2
STEL T B ARG I 2R G AR B A L, AT
TR R GBI MRS R, T & R 2R
GRS MR T SR PR A R, RS T AL R) 4 0 4
SRR 0 = SRS ARG o5 0030 P 1 i PR

(2) A LA P R G R A&+
A B i SO R A B S EORAE AR AL B
B L S AFAETIRE , 24 LR R AP, SR Y M
PR {5 A % v T L 3081 P 6000 1 B M R B R T AR
IO AR i 2 A - SR AG I A e e,
YEG ML R, HTEZ Windows 7 UL LR 58
(RS sl 2 P55, BIV AT Dy (58 b XoF A 3000 50 48 AR A %2
G TAERG I T & B , TF R BRI R ek iz
FaE , NHLAC B AV b, HLARAERRT

2 % x #t

LIANG J, ZHOU W, GAO S, et al. A simple slash-and-char system to mitigate climate change and environmental pollution
[J]. Environmental Pollution, 2018, 242 1904 —1911.

[2] LEIH, LIS, LI H. Existing agricultural ecosystem in China leads to environmental pollution: an econometric approach[ J].
Environmental Science and Pollution Research, 2018, 25(24) ; 24488 —24499.
[3] PN, RISk, RAEY I NCAAAE 1 R SO XT R[] I A ll, 2018 (8) 24 - 25.
(4] esgte. fEangl[ M]. dbat. i AR H A, 2011
[5] Ve KEatfol s 5[ M]. dbat b EgR Ol R4 ikt 2012,
[6] fars. Kaigl[ M]. BUIH #ITLRA i AR, 2010.
[7] ZHANG N, WANG M, WANG N. Precision agriculture—a worldwide overview [ J]. Computers and Electronics in Agriculture,
2002, 36(2-3).113 - 132.
[8] ZHOU P, ZHANG Y, YANG W, et al. Development and performance test of an in-situ soil total nitrogen-soil moisture detector
based on near-infrared spectroscopy [ J]. Computers and Electronics in Agriculture, 2019, 160; 51 —58.
(9] ki, AR PSR, 5F. BTG L2 AR SR [T]. AL T ,2015,31(9) :121 - 126.
ZHANG Yao, LI Minzan, ZHENG Lihua, et al. Prediction of soil total nitrogen content in different layers based on near infrared
spectral analysis [ J]. Transactions of the CSAE, 2015, 31(9): 121 - 126. (in Chinese)
[10] ZHANG Y, LI M, ZHENG L, et al. Soil nitrogen content forecasting based on real-time NIR spectroscopy [ J]. Computers
and Electronics in Agriculture, 2016, 124. 29 -36.

[11] ZHANG Y, LI M, ZHENG L, et al. Spectral features extraction for estimation of soil total nitrogen content based on modified
ant colony optimization algorithm [ J]. Geoderma, 2019, 333. 23 - 34.

[12] AN X, LI M, ZHENG L, et al. A portable soil nitrogen detector based on NIRS [ J]. Precision Agriculture, 2014, 15(1)
3 -16.
[13] W& ARME, e, S X 2 E8 M E SRR T[] . R HUR =4 ,2012,43 (35 1)) - 283 - 288.
AN Xiaofei, LI Minzan, ZHENG Lihua, et al. Performance of portable soil TN detector based on NIR spectroscopy [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2012, 43( Supp. ) : 283 —288. (iin Chinese)

[14] AN X, LI M, ZHENG L, et al. Eliminating the interference of soil moisture and particle size on predicting soil total nitrogen
content using a NIRS-based portable detector [ J]. Computers and Electronics in Agriculture, 2015, 112; 47 - 53.

[15] KODAIRA M, SHIBUSAWA S. Using a mobile real-time soil visible-near infrared sensor for high resolution soil property
mapping[ J]. Geoderma, 2013, 199.64 - 79.

[16] ZHOU P, YANG W, LI M, et al. Performance analysis of vehicle-mounted soil total nitrogen detector at different vehicle
speeds [ J]. IFAC-PapersOnLine, 2018, 51(17); 51 - 56.

(17] B3 ZT9€ WA 55 RALA S AU RIRFONE SBR[ T]. AWMU 2017 ,48 (FETH) 130 - 34.

WEI Shuang,JI Yuhan,CAO Ruyue, et al. Decision control method and software of automatic navigation system for agricultural
machinery[ J ]. Transactions of the Chinese Society for Agricultural Machinery,2017,48 ( Supp. ) :30 —34. (in Chinese)

(18] I, SKIN A7 45 JE T Android V-5 Y HHERFEE B A SR ARLE ) ). AWHUIRFAR 2017 ,48 (HTF]) 1315 - 320.

HAO Ziyuan,ZHANG Xu,YANG Wei, et al. Wireless soil sampling and recording system based on Android[ J]. Transactions
of the Chinese Society for Agricultural Machinery,2017 ,48 (Supp. ) :315 —=320. (in Chinese)

[19] BRERF,HH, FERE, % T Android FHLT & 19 /NE MRS B sl & RG], Al B4z ,2017,48 (34

Ti) :123 - 128.



220 & ML % iR 20194

CHEN Yugqing, YANG Wei, LI Minzan,et al. Measurement system of winter wheat LAI based on Android mobile platform[ J].
Transactions of the Chinese Society for Agricultural Machinery,2017 ,48 (Supp. ) :123 - 128. (in Chinese)

[20] REZ,HEZ. HTMLS H 30 s e M BRI SIRIET]. BT ER 584 TR ,2017(3) 126 -27.

[21] Xlgh. T HTMLS RBRWERS 3 W RGP 5L D] )N B R 3 TR, 2013.
LIU Wei. Research and implementation of mobile navigation system based on HTML5 [ D]. Guangzhou:; South China
University of Technology, 2013. (in Chinese)

[22]  BRik. JET HIMLS BR5-F S ERTEA SRS R G H BRI BESE D . K g3k 2015,
CHEN Da. Research about cross-platform technology in real-time public transit application based on HTML5 [ D]. Dalian;
Dalian Maritime University, 2015. (in Chinese)

[23] 5z, XMt BT HTMLS #hEE AR B sh 2 S AT ()], Tt TR ,2012,20(22) 120 - 122.
LU Li, LIU Zhen. Design of the mobile terminal navigation based on HTMLS geolocation technology[ J]. Electronic Design
Engineering,2012,20(22) :120 — 122. (in Chinese)

(24]  JHBH,JASEWR, B, 5. ST CaeR Ml R RGBS B0 1], Il R ,2015,38(7) (135 - 140.
ZHOU Yang,ZHOU Meijiao, HUANG Bo, et al. The research and design of serial communication system based on C#[]].
Electronic Measurement Technology,2015,38(7) ;135 — 140. (in Chinese)

[25]  FJk, B Bt o i ) PR GR AR 5 - CALT ] THRAL T A2 5101 ,2004,25(6) 1929 -931.
WANG Xin, LI Feng. New type of object oriented programming language — C#[ J]. Computer Engineering and Design,2004 ,
25(6) :929 —931. (in Chinese)

[26] K5 Wb Comfeih &5 AU IREL T ]. 44,2013 ,34(3) ;145 - 146.
ZHANG Yuenan. Analysis of the C# programming language features and functions[ J]. Software,2013,34(3) ;145 - 146. (in
Chinese)

[27] XUEKF, KK EE. Visual C# FHFH ADO. NET $iln] SQL Server £ AR [ J]. A HLRLN FH ,2004(11) :66 - 69.

(28] ZEWERE. JET C#y LAALIE A SR BO T ST A& [ D], U : F R % ,2010.
LI Xiaolu. Design of host computer monitoring configuration software based on C# [ D]. Ji'nan; University of Jinan, 2010. (in

Chinese)

(E#E5E 199 IT)
(9] Whstk, F3546. 1CP — AES [RIIISE K H iR A1 At B 86 BRI ) . i 52 96%2,2009,26(3) + 605 - 608.
YAO Lin, WANG Zhiwei. Determination of trace Mo, Co, B, Sb, V and Ti in water by ICP — AES[ J]. Chinese Journal of
Spectroscopy Laboratory ,2009,26(3) ;605 —608. (in Chinese)

[10] TRV XU KA B EOE BRI E (il b [T ] TP AR TIBT BE 2 2%08,2002,36 (1) : 52 - 55.
XU Maojun. Determination of lead in food by direct spectrophotometry with dithizone aqueous phase[ J]. Chinese Journal of
Preventive Medicine,2002,36(1) ;52 —55. (in Chinese)

(117 EYL, RILL, X008 5. 2R X BHRIOOEIEE N E K R i [ )], K57 1,2013,23(2) :20 -22,11.
WANG Kai, MIN Hong, LIU Shu, et al. Determination of trace arsenic in water by total reflection X-ray fluorescence
spectrometry[ J ]. Journalof Inspectionand Quarantine,2013,23(2) ;20 —=22,11. (in Chinese)

(127 JR0mme, tR4E &2 45 Ea R PuA I ik A r s e e[ 1] . k7 2013 ,42(2) ; 355 - 359.
SU Shuaipeng, XU Fei, CAO Hui, et al. Perspective in the rapid methods for the detection of heavy metals[ J]. Applied
Chemical Industry,2013,42(2) :355 -359. (in Chinese)

[13] LI Chuanguang,LU Zhenda, ZHANG Qiao, et al. Confined growth of CdSe quantum dots in colloidal mesoporous silica for
multifunctional nanostructures[ J]. Science China Materials, 2015,58(6) : 481 —489.

[14] SHYUAN L K, HENG LY, AHMAD M, et al. Abstract: evaluation of pesticide and heavy metal toxicity using immobilized
enzyme alkaline phosphatase with an electrochemical biosensor [ J]. Asian Journal Biochemistry,2008,3(6) :359 —365.

[15] OUENDADJI S,GHEMID S,MERADJI H, et al. Theoretical study of structural, electronic, and thermal properties of CdS,
CdSe and CdTe compounds[ J]. Computational Materials Science,2011,50(4) ;1460 — 1466.

[16] LEE J H,CHOY D,LEEI G, et al. Characterization of defects in -V semiconductor materials (InP, GaAs and InGaAs/InP
on Si) in nano-sized patterns by transmission electron microscopy| J]. Microsc. Microanal ,2016,22(3) :1540 —1541.

[17]  BUlm), . B T s 6ak a1 R0 R B FOOCRE A [ )], SEi SR P2 ,2018,36(3) : 300 - 304.
HE Jiantong, FU Zheng. Construction the mercury ion fluorescent probe based on highly luminescent carbon quantum dots[ J].
Experimental and Laboratory Medicine,2018,36(3) : 300 —304. (in Chinese)

[18] GHICA M E, BRETT C M A. Glucose oxidase inhibition in poly ( neutral red) mediated enzyme biosensors for heavy metal
determination| J]. Microchim Acta,2008,163(3 —4) :185 - 193.

[19] SUSHA A S, JAVIER A M, PARAK W J, et al. Luminescent CdTe nanocrystals as ion probes and pH sensors in aqueous
solutions[ J ]. Colloids and Surfaces A,2006,281(1 —3) .40 —43.

[20] CAI Z X, YANG H, ZHANG Y. Preparation, characterization and evaluation of water-soluble l-cysteine-capped-CdS
nanoparticles as fluorescence probe for detection of Hg( Il ) in aqueous solution[ J]. Analytica Chimica Acta,2006,559(2) :
234 -239.

[21] LIHB, ZHANG Y,WANG X Q. Calixarene capped quantum dots as luminescent probes for Hg’* ions[ J]. Mater. Lett. ,
2007,61(7) .1474 - 1477.



