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Design and Test of Near Infrared Detecting Instrument for
Available Nitrogen in Coco-peat Substrate

LU Bing' WANG Xufeng® HE Ke' HU Can® GAO Xin' TANG Xiuying'

(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. College of Mechanical and Electronic Engineering, Tarim University, Alar 843300, China)

Abstract.; In order to realize rapid and real-time detection of available nitrogen in coco-peat substrate, a
detecting instrument based on near infrared ( NIR) diffuse reflectance spectroscopy was designed. The
hardware system of this instrument mainly consisted of pretreatment device, pneumatic conveyor, gravity
settling sample chamber, near infrared spectrum detection device, sample recovery device and air
compressor. Totally 135 samples of coco-peat substrate with different available nitrogen contents were
prepared. Original spectral data of these samples were obtained by the hardware system of the developed
instrument. An optimal partial least squares regression model for predicting available nitrogen content of
coco-peat substrate was established. The corresponding correlation coefficients of correction set and
validation set were 0.973 and 0. 965, respectively; the root mean square errors of correction set and
validation set were 14.025 mg/ (100 g) and 15.757 mg/ (100 g), respectively; and the residual
prediction deviation was 3. 72. Based on the MFC development tool, the software interface of hardware
control and real-time detection and analysis of the instrument was developed in C/C + + language. The
optimal coco-peat substrate available nitrogen prediction model established was built into the software,
and the functional hardware control and available nitrogen NIR spectroscopy detection was realized by
one-button operation. The test results showed that the correlation coefficient between the predicted value
of the developed instrument and the measured value of national standard was 0. 883, and the root mean
square error was 18. 605 mg/ (100 g). The instrument can realize the rapid and real-time detection of
available nitrogen in coco-peat substrate, and the prediction performance was good, which can meet the
actual needs of rapid evaluation of coco-peat substrate fertilizer.

Key words: coco-peat substrate; available nitrogen; near infrared spectroscopy; detecting instrument

Yo fe H 3. 2021 —06 —21 &8 H . 2021 - 08 - 01

EETE: SKARIEOCIH (2019DBO0L) F1J™ R4 £ Kk % Hmg % 1 (-4 4 [ 2018 ]143)

EEB N B85 (1991—) B LAk, 2 AR ROl RO A K 0 R B ST, E-mail : 1170027843@ qq. com
BEEE: BBEW(1970—) , 5, B, WA S0, 32 NG GRAG I BOR 52 8 57, E-mail: txying@ cau. edu. cn



B A MR A A A AME IR 5 A 317

%S )
0 3%

AR L R S £ A 1 A0 e i B R L R R T A
s — Z G0N T R B AT AR R R T B4,
TR o LA I R A K IR OB AR A A
SR ATz T R R A ol 7 i L TR
AR TE E AR T R AR A KT AT
KEEHTEZ —, E /TR A KA E
R EORE " A RCR R AE /5 B 0 R
I 157 By, 38 ek 0 e EG e T S BRI R o
MEART T AL g b SR A W 7 i LA RE I 9%
R Al P 388 45 e A, A 7 v R T O i
RN SF 5 R 20 25, T /K 1 B 3R Ak 45 R 1Y
Al TS Yt o DRI, OF 2 BB R R U e s A
R+ E

AT 2T M g — Rl b T TE 35 Y 10 2% K B R
ML AR BTV B T Al B A T TR 2
AT A B A I T AT, A AR xR
BRALZL AN 4G I TF % T K B BB 58 T AR, (3 1
AT ZT A1 8 B AR b 58 B 5 S5 o A bR A 0 154
FUEEILARTE . B0, K AR T gt 3k T
UL/ 3T 2T A0 I3 AR T S Y A 37K 43 Dl 4% JaR
P HRR AT R AT LT 2T A RSO 1 K
S A B 5 R A I 5 R A 2 T
S A SRR B AR A 7 AU KT R
JEUE 398 2 BOR AN 5 01 7 46 17 SR 3 41 40 i
S AR S R g T ] S D A ) I bR A
M5 YANG 45 0 il Fi] o AUl 25 000 46 1336 U] o 28 ) 4%
FISS 45, 2B+ 304 HLBR | PH B T 22 e i F pH {8 %
FE R 09 0K B2 30 41 A1 5638 F s MUNNAF 252 71 1
4 PR 7 B A B T 4 pH (A HLBR B
SO 05 AR A 48 T UL/ 2T A0 O 3% T AL
TARNIK 452§ 1 5 /N 2 25 45 UL 34 58 o s
R A HURR K 345 O Rl bk 1 R kT L/
AT LTSGR s KODATRA %2 1] JiT w) 0/ 305 21 5h
MDA S B P B S A S AR B RS
12 il o f) R ORS 0 5 RERG I . 255 b TR, SR T
ST A0 33 o HBRE R A 25 R i HE AT R 2 A
HA BB AT ATE o i TR0 3 5 15 4 48 i 4 B 4
bR AC 2 S AR A Y A AR A AE M S S, L
F A3 T UL/ T £ 4 S 1% 150 000 A5 8 5 R Big T e
TSR o P, SR I 21 40 0 35 Xof 6 e
J AT R S AT S B 5 B A R A 52 B
B,

AR SCHE T T LT AN R S AT AR, B
0 5 IR A A0 LA 20 S S A A, T A S A I

PR, SR S A A0 R £ AP O AR T Y
A TN 5K A ST A e A0 D't 1 0 A Rk A
)G 0 AL 85 1) A0 2 o) R v, 6 ARG T AL 8 F 1
PEAT ISR Bk, DS BRI S oA R A R S
il

1 g

1.1 EHEHSITERE

TSI BRI R O A AR I PR AR R
U, 35 18 Rz B B B TR I Dk K S B R
950 ~1 660 nm (1) 456 B B 57 A %0 E T £ A0 A A,
A EE R AT E R E
CUTRERE S T 20 AT R I 25 B R i ol ke
M2 SR A L AE AL, SRS R 1 s, o,
[IPUBLE SRS p iR ) § 31 B N B b i)
HILRT A Ab B S P A5 2] B RS ik 2 B R
H A S B 6 A A S T R e i R 4 L
ZLAM G G e 2y Flame NIR J% 35 OB |
FELF B SLF 4Rk R B SR I B 45 2 5 A i T
Wohe B 42 Bl B A AN bRk O e XU B 2R
AL L o AR R GE A AN TG PR AS G 1 R R B K
R, 348 0] LA S 3o 4 ) 45 25€ B 0 AT I 1 S R I
R o

KA TAERARM A LA 4 A4 5. O b 2
e g SR A T B S TR AR AT D A T R

67 8 910111213141516171819 20

&

(b) HEHLEEY)
L1 IR 5 AT A% R L AP 1% A 0 AL
Fig.1 NIR spectrum detecting instrument for
available nitrogen in coco-peat substrate
Lo RRE 2o skk 3 Bl 4.5 s d il
S.TA IR E AR 6. TIAL MR E 7. MR R EHE 8.
JriEEE 9 RMAE 10 BINHLE 1L FEA G 12060
13 H A DIERE A 140068 BOBEF I3k 15 A0
D3 E 16, Flame NIR JRif {17, Bz <3 EAHE 18, FE i
MR E 19 5 H RS 20. PUE 21 SRS



318 &l #Hl

L

2022 4

AbH ()i e i b BB 180°  fuff iy Ak B 5E B 1) BB
B AR A IR DY B 25 0 <1 A O L RS
03 K0 36 2 R R AR I RO ik ) ST A
%o @ S A UURERE Fh 2K 3% ok 1 < AH
TRIEAT TR 3 2, ff A A SR Pl DT e 20 4 o = 1Y
JIEHR PR G0 21 80 516 138 A 0 2B i S5 A o A A8
B PRSI o () P i [l e 2B R A DU 5 A
(A il DA 7 X T0 R it 3 v A3 [ ol 2 e R B
2% TR e AU B 2R 2% 58 BURE AR JBURL 1) 55 850
[#] 43 B HURE A [a1 50, DT 9 8 — AN B 08 R
A ST R 4 AP BRI 58 BRI AR L A A
St 11 B g R A

1.2 XHEHMELITE5ER

1.2.1 HijAbFRAE #

[ R SR AP A A7 B AR A 25 5 | AN ) R B 1 Ol i
AT PG T S X 3T 21 A0 S A T ATt B
Wi o R A, 0T £ A0 S 1% X6 7K 43 v 1 358 J A B0
LS 7 R AL R (R OB A b oyt ORI E R X
SO o S B SR A% M0 M 56 U A A JIURL L B K% B K 3 Y
FEAE R 25 5, BB RE A Y 22 S M A s AU
ZT AN G IORS B 7= A 3 MR e . R T b Ak
T 53 A 3R AR AR IR T S B K R 22 St ) B
M), A% SCAAF ] T EL A DR Ry A B T 0 T 8 1 A A 3
JT A b F R LR AN 2 B R o

2 Ak
Fig.2  Pretreatment device
LR 2. WEmtA 3 MEEIIEEM 4.40 HER 5.8
R} 6 MmEENE 7. 4RE 8. K] 9. BKE
10. S AV ML 11, Fip b 0% o S 4 e
H P 2RI, i A B B B R ) A
T B B AR A IR R R R A N R
By D [ 2 1 40 H i R A5 i 2 e ) L R R R
Wb PR SRR A N T TR R R TR A 1
BT Ah BRSSP M A1 BE 22 2 AR A T A
TP 0 e A SR AR AR TR DAY JE MO A 3t 22 oy
= PR, S BRI o R By 4 e T — R AL TR
IPVEMY o IR i S A B B Ay 1 5 A AR by

1R 25 P9 Tl AN A B, ) 28 in R 1 v T A TR B Sy
300°C . & i B A 5 08 B 3 22 ) 356 8 o A e
4 O RL , B 1 B B0 AR 5 A 0 B 1) R 1 = b
Fas o TAERT, S sS i A LA T R AL EE R O,
V5 TBURE 255 SR B2 5% T J5 1) B3 5k R0 ot o A i Ak 31 2
B EAT R R TR . B RE R R T AR
A AL 3 6 min , P % w5 o 28 Ui L AL 180°, if b 3 52
JEREAR E 2L 40 H G 9 0 18 1F AR 0 = U <F L IR R
2 U =1 R A 1 A SC e L 6 A, DT S IR
B 1 55 ) AL B
1.2.2 S Jifikde s

AR E F e B R R R
il R R S A, S R A I 3 TR . A R G
B A 10 405 M 20 8 TR I ik A/ ) i kA 3,
I s i) 2R G0 4 ) ERL g R T S BB KT ke R
e/ RE o Bk MR 28 S0 e BLR 264 I, R SC
L 3 5 W U S o A A 7 A R R AR il R
W U S PR A S A SO B S D L IR S
i 2 SR — R TE B AR Ak S 1 AT . Bk
AR R FE P B DL RS S R I [ YOG i 2
Bomd B mER Mg RESKEE DR
0. 1 MPa, | FF 1 J 1 38 5 A< 0 o 2% 1R ) &8 S HE (o

i

B3 R
Fig.3  Pneumatic conveyor
LR 2.8 3 kM 4. kel 5. SO B
6 I A UIMER G %

1.2.3 & )X PR E

7 TR T 2 2 MR 5L AT AL AU 4051
A WU ASC R A 0 A 2 — L A A R R R R
6 3ok R 1 A A I R AT A TR A3 8 R A A
L ARE A TTC e 380 B i 3 P S 198 R A 467, R 40 Y
o3 2 JIURE R AR it A O 4k 2 1) Wi 3% o AR SCR )
UURE SR BT T 8 1 ST R AR i ==, g5 i &l 4
Jims o 53 4h, ) TR FE & % 10 IS0 R H & 35 5
RN F B IR T2 B o R IO U5 3 2% 3 3 R
Sy SRR S R SR e, DR EF Kok gF
TS A TG F DI IE Ty o ek [ 2 O T
B i 50 LT KOG 2R B3k 0 AR X B AT PRI
ARG AR 5 A5 A 0 2 T 5 O 2R B O R 4Rk BE S 1 —
M, W ARIE TP R I % T RS R SR A T
R it R A T 3 1 L



L)

FALLLAME B T 5

319

B4 AR R %
Fig.4 Gravity settling sample chamber
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Tab.1 Structure dimensions of Swift type cyclone dust collector
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Fig. 7 Diffuse reflectance spectrum of coco-peat substrate
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Tab.2 Reference measurement of available nitrogen content of coco-peat substrate samples in calibration and prediction sets
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Tab.3 Modeling results of different preprocessed

spectral data
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available nitrogen NIR detecting instrument
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Fig.9 Working flowchart of coco-peat substrate

available nitrogen NIR detecting instrument
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