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Abstract

To address the low efficiency, subjectivity, and poor generalization of traditional manual inspection
for tea diseases, this study constructs an integrated intelligent system combining high-precision de-
tection with smart analysis. Technically, the system utilizes the lightweight YOLOv12 model as the
core detection algorithm and employs the Dash framework for the front-end interactive platform.
For the intelligent analysis module, the system integrates a locally deployed DeepSeek-R1-14B
Large Language Model. This LLM connects to a disease database(D1) and a tea knowledge base(D2),
enabling a closed-loop management process from data acquisition and real-time detection to intel-
ligent diagnosis and decision-making. To ensure data source quality, an IP65/67-rated ace2 Basler
industrial camera is used for image acquisition. Experimental results show that the YOLOv12 model
achieved a mAP@0.5 of 0.955 on the dataset featuring three disease types (algal-leaf-spot, brown-
blight, grey-blight). Concurrently, the model demonstrates high efficiency, with only 2.56 M param-
eters, 6.3 GFLOPs, and an end-to-end detection speed of 189.30 FPS. This project (YOLOv12 +
DeepSeek + Dash) has accomplished the construction task of an intelligent agricultural system that
takes into account both data security and detection efficiency.
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Figure 1. Sample images and detection results on the validation set
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Table 1. Experimental environment and hyperparameter settings

F* 1. LRIMREESBSHRE

(a) Experimental environment configuration (b) Model training hyperparameter settings
() SEHIABTILE (b) BRI S E
ic B 00 J A KESH B
Python 3.11.13 batch 16
Ubuntu 24.02 patience 100
PyTorch 23.0 epochs 300
Dash 3.3.0 workers 8
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WRTERE, AR R APERE t ] 2(b) RSB 4 [71 2% (Precision-Recall, P-R) #fI 28 3— 0 i e . G &l o
R OPR, BLERTA 5] LI B EE B (mAP@O.5)PRIE 0.955. P-R HIZR 1B (AT A5 18 3%
K EAmEPE=1, R=1 ), BEWHEBEALE Precision Al Recall BiITE R LA F] T &K . BARE]
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Figure 2. Model training metrics (400 epochs). (a) F1-Confidence curve; (b) P-R curve of training results
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Table 2. Class-wise detection performance metrics

2. BEZR LN REIEAR

ClassName Precision Recall mAP50 mAP50-95
algal-leaf-spot 0.9529 0.8863 0.9567 0.8618
brown-blight 0.9471 0.8950 0.9015 0.8376
grey-blight 0.9373 0.8664 0.9073 0.8376
allclasses 0.9457 0.8817 0.9120 0.8457

UbAh, BERIE S E ks RN, I TR B AR S S R IR R . 0 AR 3 TR, YIRS RO
R 4 & (Parameters) N 2,557,313 (%] 2.56 M), 5 E(GFLOPs) N 6.3, A SCEK/N(Model File Size) A
53 MB. X FREEREH7 R 7RO HER R, PRk ] B Al HE BRI [R] (HE BRI [R)/— 7K BN 7 0.003764 1,
YA F] 265.64 FPS (#EHL). RIE L5 I ALFE(0.000655 s)A1 5 AL FE(0.000863 ) 5E BMAE, KRG 2
Uity K6 WIS FEE AR SR B 189.30 FPS,  ZR G (1S 4 S i A iy 1) ity K U P L8 5 B, A2 T R GRSt
For IR 75 5K

Table 3. Model lightweight characteristics and inference speed metrics
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GFLOPs 6.3
Parameters 2,557,313
Ak BRI (1] 0.000655 s
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TR (7] 0.003764 s

Ji5 Ak B ] 0.000863 s
FPS (HiAb#8 + MBI + J54b3E) 189.30
FPS ({XHEHE) 265.64
Model File Size 5.3 MB
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Figure 3. System functional structure diagram
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Figure 4. Hierarchical Data Flow Diagram (DFD) of the system
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WEIR ST X Excel R MIIRE, SHBNE ELE BOWEIRWN F A A N TR BEBL T 704 v A itk
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