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Note: RS485 is the RS485 serial communication standard; MQTT is the message queuing telemetry transport; HTTP is the hypertext transfer protocol.
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Note: 4 is height of weighing pan, mm; m is bending height of triangular
base, mm; « is bending angle of triangular base, (°); f is inclination angle
of weighing pan side, (°); d, is diameter of weighing pan bottom, mm;
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c. Simplified mechanical modeling of the dust monitoring device
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Note: R, R,, R;, R, are the mass sensor strain resistors, Q; P'is the load applied
to the mass sensor, N; P is the equivalent load of P’ translated to point B, N; M is
the equivalent additional moment of P’ translated to point B, N-m; L is the length
of the mass sensor equivalent cantilever beam, m; 4, D are the fixed endpoints
behind the mass sensor simplified to a parallel cantilever beam; B, C are the end
of the cantilever after the mass sensor is simplified to the parallel cantilever
beam.
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Note: T is temperature, ‘C; Hy is relative humidity, RH%; H, is absolute
humidity, grm>; Wy« Wy« Wi W, are zero drifts measured by the four dust
monitoring devices respectively(changes of the output signal without loaded.),
LSB (least significant bit).
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relative humidity, absolute humidity, and zero drift of the dust
monitoring devices

Oy SBCBE SE IR 18, 21, 24 °C CGREEBUETE
FEI£0.3 “C) B 25 248 56 I8 5 56 7 1)~ 30 38 A I A A dis , I
BT, WE 4. FRE FHAEE SR RN
BB R SRR EA B L MM wy ZIRE AR
s/, BEREET SR, w. W, 2R AL
BEOK, BB 3G 0 e £ e BRI O L) A e
PRALRL R k BIR EAE L. & 2 MELA oR B A 2R B
BET e AR, HAEA—E&ERhEs. wn
RF kBEEE L E RN, W, RER kBRoK. 4k
Frik, MR E = SR W S 4XHERE H, 10
MK RAT R (5) IEIEIE:

W=8;-H,+C (5
X g, NIBJE RSB (SEEEIEMIE), LSB'mY/g; C
R
22 BEMNFHALBNEEFTEBHEI

ME 35, BESHAKNEERSEEAA R
FHINE (B2 /R REU XA |p| > 0.5). it — DA 7R
FE ks s B A pe R, I S BTG &
PN 20 s W 2 AT R R IR AR RIS, 4
THE 40, 50, 60 °C B}, $1# 0~10 g yulE A 18R 5
KERHES . NRERRERE M TSN, MinHFEIA
P EHMRE RS, REELS S M (E S ENSE

VE B A R o % IR FE X 2 % A5 5 0 B 3 0 i 4k
PERLE LR, W 6.

@ 6000 T T W
wn esz x W4 (Q,’J) 6000 oW, x 'W4
= 4000 2 4000
& § &
: 000 5 2000
S 20 § ¢
2 2000 e 2000 T
g —4 000 4000 T
By W =
e 8 10 12 e 000
4 6 8 10 12 14
2505 YR
Absolute humidity/(g-m ) Absolute humidity/(g-m™3)
a.18°C b.21 C
6 000
2 =W, W,
2 4000 W W,
5 2000
<]
b5} 0
N
-2 000 °
il :
Z-4000
)Eé‘f —6 000 L L L L P
4 6 8§ 10 12 14
YA
Absolute humidity/(g-m)
c.24°C

B4 2x3BEHEHEBMNEERLEHGXE
Fig.4 Relationship between absolute humidity and zero drift of
dust monitoring devices

AL
AL Temperature and
Computer humidity sensor

Il |

% B
== Dust monitoring
equipment

B 5 BAAH R R E R SRS A0 KRS
Fig.5 Experimental device for the effect of temperature on the
zero drift of the dust monitoring device

RIS
m Ambient temperature/'C

(=3
(=}
(=1
(=3
(=}

115 5 Output signal/L

0O 2 4 6 8 10
JN# i B Load mass/g
T S S e A M B v o R A SR A LR AR S A E TR
A/D Bt a i th 55, LSB.
Note: Output signal is the digital signal output by differential amplification and

A/D conversion of the mass sensor output voltage signal in the dust monitoring
device, LSB.
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Table 2 Equation for linear fitting of the output signal of dust

monitoring device to load mass

RIGE

i/ Rk Sensitivity/ il
Temperature/ ‘C Expression (LSB-g 1) Zero point/LSB
40 y=6946.2m+41 928 6946.2 41928
50 y=6962.0m+41 268 6962.0 41268
60 =6 966.9m+40 568 6966.9 40568

Eeom NIMEE, gy ABAEMIKRERLES, LSB; REOVLAE
SHEAHEFEMEELNMNE, LSBgs FTAMNMEBESSERENAE
L% ki, LSB.

Note: m is the loaded mass, g; y is the output signal of the dust monitoring device,
LSB; sensitivity is the slope of the line fitting the output signal to the load mass,
LSB-g'; zero point is the zero point of the line fitting the output signal to the load
mass, LSB.
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Table 3 Features of dataset used to determine number of neurons
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Design and experiment of a dust monitoring device based on temperature
and humidity compensation

MAO Luncong , LYU Haotun™ , CHEN Guibin , WANG Ning , YAN Shiying
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Aiming at the problem that the dust mass measurement of the existing dust monitoring devices in the process of
farmland dust monitoring was susceptible to the influence of ambient temperature and humidity, resulting in zero drift and a
large measurement error, this study designed a dust monitoring device based on temperature and humidity compensation. The
device included temperature and humidity sensors, mass sensor, data acquisition system, etc., which could realize cross-
regional, remote, real-time online measurement of dust mass. The zero drift and temperature and humidity data of the four dust
monitoring devices collected by the temperature and humidity correlation test showed that the temperature and humidity had a
significant correlation with the zero drift of the dust monitoring device (the mean values of |p| were 0.59 and 0.62,
respectively),and the correlation between zero drift of the dust monitoring device and absolute humidity was more stable than
relative humidity performance, a linear expression of absolute humidity and zero drift of the dust monitoring device was
provided, the humidity coefficient of the expression was positively correlated with temperature. When the temperature changed
from 40 C to 60 C, the single-factor test of the temperature and the output signal of dust monitoring device showed that the
zero drift was 65.7 times that of the sensitivity change, zero drift was a key factor affecting the measurement accuracy of dust
monitoring device. A compensation model of the zero-point drift dust monitoring device of BP network based on temperature
and humidity was established, the experimental results showed that the data fluctuation range of the proposed model was 8.8%
lower than that of the basing on temperature-humidity second-order polynomial compensation model, and 60.3% lower than
that of the basing on temperature compensation model of BP network. A field measurement experiment was conducted for the
dust monitoring device based on temperature and humidity compensation of this paper. The results showed the device in this
paper reduces the final measurement error by 57.5% and the fluctuation of measurement results by 34.2% compared to the
uncompensated device, effectively reduced the measurement error of dust mass. The research results could provide technical
support for the research on online real-time monitoring of farmland dust.

Keywords: signal processing; dust; temperature and humidity compensation; zero drift; field experiment


https://doi.org/10.3969/j.issn.1003-5729.2009.06.002
https://doi.org/10.3969/j.issn.1003-5729.2009.06.002
https://doi.org/10.2478/v10178-012-0012-0
https://doi.org/10.2478/v10178-012-0012-0
https://doi.org/10.11975/j.issn.1002-6819.2017.06.012
https://doi.org/10.11975/j.issn.1002-6819.2017.06.012
https://doi.org/10.11975/j.issn.1002-6819.2017.06.012
https://doi.org/10.1109/TNN.2010.2045657
https://doi.org/10.1109/TNN.2010.2045657
https://doi.org/10.3969/j.issn.1004-1699.2020.05.011
https://doi.org/10.3969/j.issn.1004-1699.2020.05.011

	0 引　言
	1 扬尘监测装置设计
	1.1 装置结构
	1.2 数据采集系统设计

	2 温湿度对扬尘监测装置零点漂移的影响
	2.1 湿度对扬尘监测装置零点漂移的影响
	2.2 温度对扬尘监测装置零点漂移的影响

	3 BP网络非线性数学模型
	3.1 BP网络及L-M训练算法
	3.2 BP网络参数确定

	4 结果与分析
	4.1 补偿模型的有效性验证
	4.2 田间试验

	5 结　论
	参考文献

