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Fig.1 Working flow chart of micro Near-Infrared (NIR) on-site and rapid detection system based on cloud sharing of calibration model
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FEK o B A pH AE AT 2 28 RO AT b A ifE
(£ 1) . HPFEA% (Total Nitrogen, TN) . #AER
(Ammonium Nitrogen, NH,-N) KH ¥ €%, L6 (Total
Phosphorus, TP) . H 2% (Available Phosphorus, AP)
FIAHA &, (Nitrate Nitrogen, NO3-N) KH & 48T W43
%, S (Total Potassium, TK) F1H R (Available
Potassium, AK) ¥ H KGR FIRO6 %, ALK
(Organic Matter, OM) K BRI A Hi%, pHEKH
BRI, BiZAS% (Amide Nitrogen, CONH,-N) AL
REHMAR. HARNZEME.
&1 HmRSEEMpH ENESE
Determination method of sample component content and
pH value

Table 1

K AR HE Test standard
NY/T 2541-2014
NY/T 2540-2014

24§ Parameters
1 %M Available Phosphorus (AP)
R Available Potassium (AK)

CONH,-N NY/T 1116-2014
NH;"-N NY/T 1116-2014
NOs;™-N NY/T 1116-2014

NY/T 2540-2014
NY/T 2542-2014
NY/T 2541-2014
NY/T 525-2012
NY/T 1973

S 4 Total Potassium (TK)
S Total Nitrogen (TN)
JM 1% Total Phosphorus (TP)
H WL Organic Matter (OM)
pH {& pH value
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4i&°Fi (Smoothing) A& Fr#E{L (Standard Normal
Variate, SNV) Ffl%# (Detrend) ZEHibH 775347
eI TRALEE, SR B — A8 B UFE S A kR b
B P 48 A5 T2 2L A3 TE PR EEAH X R AL R(Cal) H1E B
LW HIRIZEZ (Root Mean Square Error of Calibration,
RMSEC) %,
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IELTANE FOK PR R S &, FER 5K N-H a7
IR, R LA AR AT DLSE I 2 50 o 1 PR Sd A
T, FlHnZKP A, B8R MER. BiEss, M
%2 FK 10 FRAL 2 5853 (1) Pearson A 561 2047 T LB HY
iSRS B AR T Z KRR (P<0.01) , K
ZHCN 0957, MFKPIESE SR, SRS,
BRI — KR, HRRES AN 0252,

RAFIIHIDGR R (R?=0.77) , UtHA T L LLAME 42 & n]
RE A2 () He 5 H b i N-H 0L T AR R/ P2, gk
hHABA S SRV, BlInAENUR . RS R ER 530K
Fiff) C-H R O-H B@ARR R AP, Fokd AR
ZRASIKIETERE . B, VAMRRER S0 (LA HLEE,
AHUERT ARG LM, 10 Fefth e 7 3 22 DLBRRR AR
BT, REE TEST O-H #, Hid EEAT

-0.344 F1-0.311. Saeys ZCUEHMF PR BIE RIS  RATATHEER. 28 Bt a, JEAMEARLEFK & B
ARSI R > &8, HPERESESWEEAE MR BRI N 7T .
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Table 2 Correlation analysis of relevant parameters of manure slurry compositions

2% Parameters AK AP CONH,-N NH,-N NO;-N TK ™ TP OM pH 1
AK 1.000
AP -0.124 1.000
CONH,-N -0.057 0.130 1.000
NH,-N 0.121 -0.052 -0.324 1.000
NO;-N -0.311%* 0.170 -0.121 -0.076 1.000
TK 0.751** -0.283** 0.035 0.252* -0.344%* 1.000
N -0.099 0.164 0.957** -0.133 0.070 0.018 1.000
TP -0.197 0.367** 0.138 0.058 0.197 -0.223* 0.214* 1.000
oM 0.075 0.031 0.000 0.225* 0.022 0.093 0.055 0.071 1.000
pH 1H 0.013 -0.130 -0.016 0.075 -0.116 0.103 -0.023 0.060 -0.086 1.000

e RIRSHZ AR EM R (P<0.01) , *FRSHZEEFMR (P<0.05) .
Note: ** indicates extreme significant correlations between parameters (P<0.01), * indicates significant correlation between parameters (P<0.05).

3.3 EMMERIRIESL

e FE A FE AR = — 1) 77 e L 65 MK
ERERRSE, EFRERMIN SRR giH 4 Rk 3
PN e F bR BERE S L LA IE R RE X 5% 10
PR R FE A B Y SR P i B/ — R Sk AT SR R,
1 AP. AK. NO5y-N. TK. TN. TP. pH 14/ R(Cal)
¥JKF 0.9, CONH,-N.NH,"-N. OM [ R(Cal)itF 0.7~

0.9 Z[a], HAFRBRL . B H S EwE 8
i (HSER) o Wit 5 Saeys P07 5736k
BRI LT AN AR AR L, AHE AL NH,-N Fl OM &
FRBim 5 H LB (R(Cal)=0.82. 0.75) #H¥4, TK. TN.
TP 1 pH {8 1) € b B AR T~ H 45 R (R(Cal)=0.83. 0.85.
0.77+ 0.63) o f o B B U I a8 b ABE B AT B AE 2 o IR 5%
a5 b AR 37 g A
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Table 3 Range of parameters related to the composition of calibration set and independent sample set of manure slurry samples

2 FEFREE Calibration set BHSTAE i 4E Independent sample set
Parameters F34{H Mean Pt ZE SD U {E G Value range F34{H Mean FrifE % SD HHYEH Value range
AK/% 0.175 0.027 0.120~0.240 0.174 0.021 0.140~0.210
AP/% 0.140 0.032 0.090~0.260 0.137 0.026 0.090~0.190
CONH,-N/% 0.208 0.068 0.080~0.370 0.200 0.053 0.080~0.270
NH,-N/% 0.099 0.015 0.070~0.130 0.102 0.012 0.080~0.120
NO5-N/% 0.054 0.014 0.030~0.090 0.053 0.008 0.040~0.070
TK/% 0.195 0.028 0.140~0.250 0.192 0.023 0.160~0.230
TN/% 0.364 0.066 0.260~0.490 0.356 0.054 0.260~0.430
TP/% 0.295 0.032 0.230~0.360 0.297 0.030 0.250~0.360
OM/% 5.431 1.000 3.700~7.400 5.657 0.791 4.000~7.100
pH 1H 7.127 0.443 5.300~7.800 7.221 0.275 6.600~7.600

3.4 RGUIE IR FA R BB AW SR pH fH. %

BRI 21 ADMSIRERD CRE B AR AR
TR 3 fr) AT RN TR m A
9y F KR LA NI I 2R Gt AT 00, T 45 2R
RO 8 s GERARIR), MR R AT E
FRFERL RNIE, UG VERBLR . b D RGN E
5 AN E B Z B AR ZE, WK 4 o,

BE- SR TNAEXHREZ LN 10%, AR, BilS
FAIHAES R HA X R Z RIS 10%, 2T 18%. AL
It A A B2 SRASI R ZE AR IS 20%, BT R R Gt 2 A
WELR, [FIR H T REFAER D, RRrwt e TAERT
B DI IMARER M RE A, BRARETIE R RG IR IR 2 .
THE 21 AN ZEKEE S (BIBR 5 NFH D 10 Rl



310 3 RS BT AR YR FOK B NIR BU I & 5 213
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ZIMIERZE, SRR 4 FR. 10 FI3OKMO ke DB SEIREEA B, 0004 SR 2 LI I ) 2R 10,

— MAfﬁmeg line
1:1 :1 line
o fZIEHCalibration set
o MOZFEA S Independent sample set
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Note: RMSEC indicates the root mean square error of the calibration set, RMSEP indicates the root mean square error of the independent sample set, R(Cal) indicates the
correlation coefficient of the calibration set, and R(Pred) indicates the correlation coefficient of the independent sample set.
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Fig.8 Scatter diagram of calibration and prediction model of 10 kinds of compositions in manure slurry
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Table 4 Residual and relative error analysis of the system measurement value and laboratory wet chemical measurement value

TjiH Item F'5 No.  AK/% AP/%  CONH»-N/% NH;'-N/% NO3;-N/% TK/% TN/% TP/% OM/% pH &
1 0.000 6 0.0214 0.000 3 0.000 6 -0.001 1 0.004 4 -0.0013  -0.000048  -0.0208 -0.0217
2 -0.0016  -0.0055 -0.002 0 0.000 6 -0.002 0 -0.005 7 0.001 3 0.003 8 0.029 5 0.0256
3 0.004 2 0.008 0 0.004 7 -0.002 1 0.002 0 0.006 0 -0.009 0 0.004 8 0.149 8 0.047 1
4 0.0053  -0.008 7 -0.009 1 -0.004 0 -0.001 8 -0.009 7 -0.012 4 0.006 0 0.198 2 0.077 8
5 0.0048  -0.0022 0.0129 0.004 1 0.004 4 0.010 1 -0.015 1 -0.007 7 -0.3418 0.086 6
6 -0.0062  0.0105 -0.020 0 -0.006 8 -0.005 8 -0.014 8 0.024 0 -0.007 2 -0.394 8 0.086 7
7 0.0073  -0.0017 -0.022 3 0.005 4 0.006 9 -0.0111 -0.027 6 -0.008 7 0.354 6 0.1142
B 8 -0.0090  -0.0039 -0.020 4 0.006 7 0.007 7 0.0112 -0.033 3 -0.008 7 -0.436 4 -0.200 0
Residual 9 0.0084  -0.0212 -0.028 6 -0.012 8 -0.007 8 -0.0177 0.030 3 -0.009 1 -0.506 2 0.207 8
10 0.0124  -0.009 3 0.0150 -0.0130 -0.0111 0.014 3 -0.036 8 -0.0110 0.490 5 -0.2473
11 0.0093  -0.006 1 -0.045 5 -0.0110 0.009 4 0.0184 -0.047 3 0.014 1 -0.780 1 -0.248 5
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AR 5.5070 9.828 8 15.123 4 8.905 7 17.824 5 8.2377 9.2513 4.260 7 10.558 1 2.968 5
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Micro NIR on-site and rapid detection system for cow manure slurry
based on cloud sharing of calibration model

Liang Hao, Shi Zhuolin, Fan Yapeng, Ren Zhaoxia, Yuan Tianyi, Huang Yuanping, Han Lujia, Yang Zengling™
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Manure slurry is a mixture of urine, feces, flushing water, and disinfectant in the livestock and poultry breeding industry.
About two billion tons of manure slurry can be produced in China every year. Among them, the composition varies greatly, due to the
complex sources. There are many influencing factors on the composition of manure slurry, such as the seasons, regions, breeding
scale, fecal cleaning, and manure slurry treatment. Currently, the fixed composition value cannot accurately be calculated the amount
of manure slurry, when returning to the field. Therefore, it is urgent to develop an accurate, and rapid detection system suitable for the
compositions in the manure slurry on site. Fortunately, Near-Infrared (NIR) spectroscopy can offer a great potential to detect manure
composition at present. Nevertheless, most reports were usually focused on the near-infrared spectrometer at the large-scale
laboratory level. This kind of instrument can be confined to the application of near-infrared spectroscopy analysis in fields, due to the
large bulk volume, low portability, and high price. The near-infrared spectrometer can be further developed towards the
miniaturization for the technical and cost feasibility during on-site detection, particularly with the development of
Micro-Electromechanical Systems (MEMS) and Micro-Opto-Electro-Mechanical Systems (MOEMS) in recent years. In addition to
the need for a stable and reliable hardware system, the calibration model is another important application premise of near-infrared
technology. But, there is a great challenge to establish the calibration model using cloud sharing technology. It is very necessary to
access the shared resources via the various data computing services anytime, anywhere, and on-demand through the Internet. In this
study, a micro NIR onsite and rapid system was proposed to detect the composition of manure slurry during field return using a
calibration model under cloud sharing. A complete function was also achieved for the data acquisition, upload, prediction and storage
at the same time, according to the design scheme of "micro NIR sensor + calibration model cloud sharing + Android client + mobile
network". The micro NIR sensor was first used to collect the spectral data of the measured sample, then to transmit the data into the
Android client through the Bluetooth protocol, and finally to the cloud server through the mobile network. A calibration model was
deployed in the cloud server to calculate the received spectral data. A quantitative prediction was obtained to further send back to the
Android client in real time. A rapid detection was realized for the ten parameters of manure slurry compositions, such as the Total
Nitrogen (TN), Total Phosphorus (TP), Total Potassium (TK), ammonium nitrogen (NH,-N), nitrate nitrogen (NO5-N), amide
nitrogen (CONH,-N), Available Phosphorus (AP), Available Potassium (AK), Organic Matter (OM), and pH value. The prediction
relative errors of AK, TN, AP, TP, pH, NH, "N, and TK in the manure slurry were less than 10%, and the rest of OM, CONH,-N,
and NO5-N were between 10%-18%. Consequently, the micro NIR technology combined with the calibration model in cloud sharing
can be expected to realize the onsite, rapid and accurate detection of various compositions in the manure slurry, particularly for the
full sharing of the quantitative model. Moreover, the broad market prospect can be gained for the practical application, due to the
portable micro NIR sensor, the simple operation of the Android client, and the lower cost of the system. There is also no need for the
professional requirements of the users in the cloud sharing of the calibration model. The finding can provide data support for the high
precision return of manure slurry to the field.

Keywords: nitrogen; phosphorus; manure slurry; micro NIR; calibration model; cloud sharing; rapid measurement
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