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Abstract: In order to improve the data transmission stability, security and resource utilization of the agricultural greenhouse control system in
areas with weak infrastructure, a smart agricultural greenhouse control system based on adaptive distributed edge computing is designed, in-
cluding data acquisition module, edge computing module, execution device module, intelligent decision—-making module and remote control
module. The system realizes real-time and accurate collection and processing of the internal environmental parameters of the greenhouse by de-
ploying edge computing nodes inside the greenhouse, so as to intelligently adjust the irrigation, temperature control, lighting and other key
equipment in the greenhouse according to the collected data; At the same time, the convolutional neural network and multimodal data fusion
technology are combined to monitor the crop growth status in real time, and to predict pests and diseases and assess crop health. Through the
collaborative learning of edge nodes, the overall intelligence level of the system has been improved, and data privacy has also been effectively

protected. Simulating different loads with transmission rates of 500 lines/s and 1 000 lines/s respectively for testing, the results show that the
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system not only maintains stable transmission rate, but also realizes reliable transmission of zero packet loss, providing intelligent and green

solutions for agricultural greenhouse control, and has broad application prospects and promotion value.

Key Words: adaptive; distributed edge computing; smart agricultural greenhouse; intelligent control; multimodal; data fusion; convolution-

al neural network
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Fig.1 Architecture of intelligent agricultural greenhouse control system based on adaptive distributed edge computing
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Fig. 2 The process of pest image recognition technology and early
warning
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Fig. 3 Intelligent pest monitoring device
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Table 5 Edge computing gateway message transmission performance
test results
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per second
F6 S00%/sHELXGTHENGREK
BH5% CPUO CPU1 CPU2 CPU3  #&{kIfH
FR&SH 0.3 0.0 0.3 0.0 0.15
WA 0.0 0.0 0.3 0.3 0.15
GES 99.3 100.0 99.3 99.3 99.5
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Table 7 Average load under the condition of 1 000 concurrent re-

quests per second

T 10005/ HEXETHFEHRE

HEhR% CPUO CPU1 CPU2 CPU3 & {RIMH
iidak il 10.6 12.8 11.3 13.9 12.2
PIAZAS i 5.6 2.4 1.7 4.6 3.6

RS 80.8 84.8 85.7 78.9 82.6

P, PR T %R 98.78% , Z2 Gt RE R B4l A% fn ml FE A 3
99.10% . HAAREHESE L3 8. X LLS A Bl 5L T W ¢
TE RSN TS i Fs e R
43 FEHIAFIEKE

A SCHET ErtesNet 28 ZR 4G 1 e oK A 3 - Ul 52 5,
5 #4131 2= {di I NVIDIA RTX 3090 GPU (24 GB GDDR6X '

™ & g

Table 8 Data sending and receiving of the network within 48 hours

K8 48 h MBI R HHEE R

I Kk H POBH Bl %%
P IR A S B 8 640 8572 99.21
T A W A5 R 2 880 2845 98.78
AR 11520 11463 99.10

£ ), 5T Intel Core i9—10900K &b B 2% (10 4% 20 £k 72, 3.7
GHz) #1164 GB DDR4 NAF , I B B 774% T 1 TB NVMe
SSD (2B i 3 500 MB/s) o 3K 4F 2455 5K FHl Ubuntu 20.04
LTS,CUDA 11.1 FlcuDNN 8.0.5. Mjiz%5 40 45 % 1 1 000 7%
FRyEREAA 2, 30 B L E 6 R . BRI kit
TR P B U 2R AR BN 504 epoch , it kb PR AR %
20 5K U
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Fig. 6 Partial pest dataset
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Table 9 Recognition accuracy under different activation functions

F9 TEMERS TR ARE

W PR PUIHER 1%
ELU 96.14
ReLU 98.87

Sigmoid 94.58
Tanh 95.33

¥ EvtestNet 5 & J 1 28 [ 2% AlexNet . LeNet. VGG
T8, B R WA 10, FTLAE Y, ErtesNet 763 RIS
Wk B T 98.5% BYMERA F o Fe S B I 2 5 10 A A i ek
TensorFlow Lite % 4t by 6 15 A% 5X , 38 8 21 il 55 W ¢
14 T M DA e, DA S B S IR s AR L TR] 5 U]
BJ i3S

5 45iE

ARSCBTIF S T T A A A Gt S e
A R ) R ST, 38 3 v A A TR A 231

Table 10 Recognition accuracy under different network models

R10 FARMBERIIARERHE

EE PUNHER /%

ErtesNet 98.5

AlexNet 95.7
LeNet 93.7
VGG 96.1
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SCAR R T B8 B 5 ] IE 5 T IR B2 5 AR 2 M 25 S B T
98.5% Iy AR BIMER 3 . SR, 1T RGEAIAFAE—LER
JRZAL S TR A AT BRI SR T R AR TE R
A MY 3735 4 R R SRR T JSAR 5 vy, mT A SO B 7
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