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Abstract

With the rapid adoption of IoT technology in agriculture, greenhouse management is shifting to-
ward digitalization and visualization. However, traditional monitoring methods struggle to map
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environmental data to specific physical spaces. To solve this problem, this paper proposes a smart
agriculture monitoring system based on cloud-client collaboration and a hybrid rendering architec-
ture. On the server side, the system uses an MQTT-based publish/subscribe mechanism. This ena-
bles the real-time collection and standardization of massive data from diverse sensors. On the mo-
bile side, the system employs virtual-real mapping models and raycasting algorithms. These allow
real-time environmental parameters to be dynamically overlaid onto lightweight 3D scenes. This
system effectively lowers the hardware requirements for 3D visualization. It also achieves millisec-
ond-level synchronization between the physical greenhouse and the virtual model. Consequently, it
significantly improves the intuitiveness and timeliness of agricultural management.
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Figure 1. Overall architecture diagram of the system
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Figure 2. Alarm notification
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Figure 3. Digital twin visualization interactive interface of greenhouse

3. REAMBFEEAANZERE

3.3. MRZFCAZSH S BRI E

ARG HJZHEE MVVM B0, FIH Kotlin BiE 5w S 2UR SR E M 18R EE k. RESE
BRI e — BRI, 4EE DR L ERIRE RS, IZESER TR WU
RUL A SRR AR N B SEIR A 2 8. UL 208 3T A AT ARSI, 7 Bt PR IR A A= AR S I B 3l fid
KGR E L, SEOL T ML L 55 T2 R (R A

Wk 4 o, RGERT R A R AL 2 B I e A (0 Se i Bt . XSS LI B SEELR AR T &
Jri LRSS, RS R G R ST I TR SRS 55, AT e A 3 1 IR 55 v b e B B s >R - 3R
B o B I e )5 » 5 B SRR AT BOR R SR, R ST R HUE S A I M A A R AT B OF
IR IEREZ B ST E R AR E . &, REUE U AR AL S B KEh S m T, #tR

DOI: 10.12677/csa.2026.163089 625 THEAURF 5 R


https://doi.org/10.12677/csa.2026.163089

¥

TRA R EE RESET « AERI R BB I ERES, [RIN A RO T 2 R R ST RE S AR ALK
PRI I L

BE
14.0 /s 19.2¢¢ 1009.4 vra
= e &
testl
- e 500%
)

[T R |
PrOl A

Figure 4. Device monitoring page with responsive data stream

Bl 4. MR EHERAR F R TUE

4. FEBESERMR
4.1. BITIERE

KAGIEE TR T 2 un RS IR R SRR i A4 . (EIRSunil B, REK
FH Linux #4F R4/ N FRE TS, JFECE JIDK 17 B817F. BIEERARTH, Nk eEES 3N FH
PEI = A 75 5k, K PostgreSQL 14 #51C TimescaleDB i /7l AF (K 3840 77 %o SRR, & %e8UT
SQL ¥IUAL A, My AFEH P 3R W &K KK (Hypertable)7E N /it &5 #4 . Bl J5 K Spring Boot J& ity
TAEFT AN AT HAT B JAR SCHF, 85 Gt RETE 2 B s k%S, WSS E30E B 8 il i) W 254z 1 3 5
A B P S iR . AERE BN R AT, R U B A 2 T BT ) Android SDK 36 ZRIEAERL, AR
2% Android 10 J2 DL ERRAS o IR £ il i 22 2% release WA 44 e Wb AT 08, wHi5elE, RS
H35 SR PR TEMAR S G GBTRR, B 0RO M R 55 B8 i 3 fT & AR K HAE B, IR
W RGL1E e s AT I AR e v
4.2. RSN

AR 2 G AT B AR D e 5 P BRI M B S, 55 T PostgreSQL 1 Ji i Al 55 BE % 2 8 A0 FE MQTT
PISCTIS FP BO R A S, MECHE R0 B 2 R BT A S AE 4R FEAE 200 ZZRD AP, FEARH A2 S MR 458 [ 87
MR ERFZRERRE A, Bahhn —4EE 5| Sisiriase, Aets BREEAE A4 A7 g 1 AR SR
o J5 B TUE DRI A BE S R BB IR BB ARE OL, IRAE 1 RPN SE O S ) 3808 A0 1 i
e, R P ESBRES TRIGEEFE .. MKERRY, ZRGE & R SN 5 TG EE 77,
WUE T RAVIREN e B S BT E .
5. &g

ASCEP XL s RS IR TR, WS T B 5T Android # 3 IR 2 M = 4k

DOI: 10.12677/csa.2026.163089 626 THEAURF 5 R


https://doi.org/10.12677/csa.2026.163089

¥

AR RS . TAE FEBSR A AR . =TS RS 6 RS =TT T R T RS
Uty, JEILRH PostgreSQL 454 TimescaleDB HIA7fi 77 R, A RUH U T Bt £ 105 N\ 5 2R,
B OR 1 M A B Se i Ve S e B . FER B, RGN T TR S Z4ERIR R T, FIH 3D E LA
F g 1 i S R RE UL AR 1 55, S T BB R B = 4ERL B shas (R 8, W3R T 1 P 3RIBUE B
BHME. o, REgEd s EHHE RS S KRG gUEmPLEIER, f T B3N AR EUS G I8 1Th
(R 5 B IR NAE R . ZRREHUIAEE T I RS Dh e SYERE NN, 2P SRR I A . VE GL R T S T
I RS O R AR A B TR ESR, BE T RGeS E AT AR e M

SE WK

[1] ZFER, R, RV EATE 7R 5 R &AL, 2018, 49(1): 1-20.

2] BFIL BRI REIVR G ARREED]. HErAOl R4k, 2021, 42(6): 1-7.

[3] Farooq, M.S., Riaz, S., Abid, A., Abid, K. and Nacem, M.A. (2019) A Survey on the Role of [oT in Agriculture for the
Implementation of Smart Farming. /EEE Access, 7, 156237-156271. https://doi.org/10.1109/access.2019.2949703

[4] Bournet, P. and Boulard, T. (2010) Effect of Ventilator Configuration on the Distributed Climate of Greenhouses: A
Review of Experimental and CFD Studies. Computers and Electronics in Agriculture, 74, 195-217.
https://doi.org/10.1016/j.compag.2010.08.007

[5] Pylianidis, C., Osinga, S. and Athanasiadis, I.N. (2021) Introducing Digital Twins to Agriculture. Computers and Elec-
tronics in Agriculture, 184, Article 105942. https://doi.org/10.1016/j.compag.2020.105942

[6] Fuller, A., Fan, Z., Day, C. and Barlow, C. (2020) Digital Twin: Enabling Technologies, Challenges and Open Research.
IEEFE Access, 8, 108952-108971. https://doi.org/10.1109/access.2020.2998358

[7] Eridani, D., Martono, K.T. and Hanifah, A.A. (2019) MQTT Performance as a Message Protocol in an IoT Based Chili
Crops Greenhouse Prototyping. 2019 4¢h International Conference on Information Technology, Information Systems and

Electrical Engineering (ICITISEE), Yogyakarta, 20-21 November 2019, 184-189.
https://doi.org/10.1109/icitisee48480.2019.9003975

DOI: 10.12677/csa.2026.163089 627 HEHUR 5 R


https://doi.org/10.12677/csa.2026.163089
https://doi.org/10.1109/access.2019.2949703
https://doi.org/10.1016/j.compag.2010.08.007
https://doi.org/10.1016/j.compag.2020.105942
https://doi.org/10.1109/access.2020.2998358
https://doi.org/10.1109/icitisee48480.2019.9003975

	基于数字孪生的智慧农业环境监测系统设计与实现
	摘  要
	关键词
	Design and Implementation of a Smart Agriculture Environmental Monitoring System Based on Digital Twin
	Abstract
	Keywords
	1. 引言
	2. 系统总体设计
	2.1. 系统总体架构
	2.2. 物联网通信协议设计
	2.3. 数据库架构设计

	3. 核心模块与功能实现
	3.1. 后台监测与异常预警模块
	3.2. 三维可视化渲染模块
	3.3. 响应式状态流与数据驱动视图

	4. 平台部署与集成测试
	4.1. 运行环境部署
	4.2. 全链路集成测试

	5. 结论
	参考文献

