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Efficient dental panoramic radiographic diagnosis under resource constraints via edge

quantization and multi-modal synergy
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College of Information Engineering, Sichuan Agricultural University, Ya'an 625014, China

Abstract: Objective To propose a full-scenario framework for edge-side quantization deployment and multi-modal
collaborative diagnosis and treatment based on the prior high-precision algorithm YOLOv11-TDSP. Methods A data-aware
post-training quantization (PTQ) mechanism based on Kullback-Leibler divergence was constructed. The optimal distribution
range of the features was determined using the calibration dataset for near-lossless compression of the FP32 model to INT8
precision. A cross-platform heterogeneous compilation pipeline was then established, with in-depth operator fusion and
instruction set optimization for Intel Hybrid Architecture, Rockchip RK3588 and Ascend 310P to achieve extreme software-
hardware decoupling. An integrated detection-diagnosis collaborative inference architecture for resource-constrained edge
devices was constructed. The ultra-quantized detection model was used to free critical computing resources to drive the locally
deployed lightweight large model Qwen2.5-3B, which, along with an expert rule base, allowed for an edge-side closed loop
from visual detection to text report generation. Results Experiments showed that the INT8-quantized model had a weight of
only 6.1 MB (57.3% compression ratio), with mAP@0.5 of 95.4% and only a 0.4% precision loss. The model demonstrated
excellent generalization on both standard office terminals and resource-limited mobile diagnostic devices. In the mobile
diagnostic scenario constrained by computing power and power consumption (Intel i5-12450H), the inference speed of the
model reached 22.91 FPS with a 3.64 speedup. The system achieved millisecond-level lesion detection and clinically compliant
report generation on devices with only 8 GB RAM in a fully offline environment. Conclusion This framework allows
deployment of high-precision algorithms on low-end hardware and enables a paradigm shift of panoramic dental radiograph
analysis from cloud dependence to edge inclusiveness while ensuring patient privacy, providing a low-cost, high-reliability
engineering solution for intelligent upgrading of primary medical facilities.
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Fig.1 Example of panoramic dental radiograph.
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Tab.1 Distribution of dental anomaly categories in the
test dataset

Species Sample count
Decayed tooth 30
Impacted tooth 41
Ectopic Eruption 32
Root canal therapy 25
Dental crown 63
Dental implant root system 39
Dental implant 26
Dental filling 11
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Tab.2 Experimental environment and software configuration (Rockchip RK3588)

Component Software/Library Version Role in system
Hardware platform Rockchip RK3588 NPU 6.0 TOPS Edge inference device
Operating system Linaro linux Alip (Debian) Host OS

Deep learning framework PyTorch 2.2.0 Model training & pruning
Model conversion RKNN-Toolkit2 232 Quantization & export
Inference engine RKNN-Toolkit-Lite2 232 On-device inference
Intermediate format ONNX 1.16.1 Model exchange
Computer vision OpenCV-Python 4.11.0 Image preprocessing
Scientific computing NumPy 1.26.4 Tensor operations
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Tab.3 Experimental environment and software configuration (Huawei Ascend)

Component Software/Library Version

Role in system

Hardware platform Huawei Ascend server Ascend 310P (NPU)

Operating system openEuler 22.03 (LTS-SP3) aarch64
Deeplearning framework PyTorch 2.1.0/2.2.0 (compatible)
Development toolkit Ascend CANN Toolkit 8.0.0

Model conversion ATC (ascend tensor compiler) 8.0.0

Inference engine AscendCL (ACL) 8.0.0
Intermediate format ONNX 1.14.0+

Video processing FFmpeg & x264 4.1.3 / Latest

Ai inference accelerator
Host operating system
Model training & export
Npu driver & compiler stack
ONNX to OM conversion
On-device C++ inference
Model exchange format

Video decoding & encoding

Computer vision OpenCV

Compiler GCC/G++

4.x (C++) Image preprocessing

7.3.0+ (system default) Sample code compilation
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Schematic of data-aware quantization mechanism
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Fig.2 Schematic illustration of data-aware quantization mechanism based on KL divergence.
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Fig.4 Optimized heterogeneous compilation pipeline for YOLOv11-TDSP.
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Tab.4 Performance comparison of FP32 and quantized INT8 models across various clinical scenarios

Deployment scenario Hardware specification Precision Latency (ms) |  Throughput (FPS) 1 Speedup
Research center (lab server) Intel i7-12700 72.50 13.79 1.00
INTS (Ours) 38.15 26.21 1.9
Doctor's office Intel i5-12400 98.6 10.14 1.00
INT8 (Ours) 56.34 17.75 1.75
Mobile clinic Intel i5-12450H 158.71 6.30 1.00
INT8 (Ours) 43.66 2291 3.64
Doctor's office Intel i5-12600KF 79.04 12.65 1.00
INT8 (Ours) 43.12 23.19 1.83
Mobile clinic Intel i7-10750H 139.12 7.19 1.00
INT8 (Ours) 92.02 10.87 1.51
Doctor's office Intel i7-7700 125.00 8.00 1.00
INT8 (Ours) 79.36 12.60 1.58
Rural clinic Intel i5-6500 172.41 5.80 1.00
INTS8 (Ours) 106.38 9.40 1.62
Rural clinic Intel 3-8100T 205.60 4.86 1.00
INTS8 (Ours) 135.80 7.36 1.51
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Fig.5 Confusion matrix comparison. A: Confusion Matrix of YOLOv11-TDSP. B: Confusion matrix of quantized YOLOv11-TDSP.
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Fig.6 Comparison of P-R curves and class-wise AP values for YOLOv11-TDSP before and after quantization. A: FP32. B: INTS8.
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