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A Grand Challenge -- ImageNet Image Classification
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CNN Evolution  – The more shortcuts, the better?
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1998 LeNet
2012 AlexNet
2014 VGG
2014 GoogLeNet

2015 ResNet

2018 DenseNet
Review: DenseNet — Dense 
Convolutional Network (Image 
Classification) Sik-Ho Tsang
Nov 25, 2018
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CNN Architecture Design Considerations

Conventional Metrics 
• Accuracy

• Model size (# Parameters)

• Operations per inference

What we really care
• Accuracy, of course!

• Inference time (~ #Ops?)

• Energy consumption (~ #Ops?)

• Model Size

• General applicability 

• Trainability, Robustness, etc
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ImageNet Classification Challenge

Canziani, Alfredo, Adam Paszke, and Eugenio Culurciello. 
"An analysis of deep neural network models for practical 
applications." arXiv preprint arXiv:1605.07678 (2016).
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HarDNet – Harmonic Densely Connected CNN
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2018 DenseNet

2019 HarDNet
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HarDNet: A Low Memory Traffic Network
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An 8-Layer HarDBlk
Similarly, 4-Layer, 16-Layer
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Feedback on HarDNet
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Conventional Metrics 
• Accuracy

• Operations per inference

• Model size (# Parameters)

What we really care
• Accuracy, of course!

• Inference time (~ #Ops?)

• Energy consumption (~ #Ops?)

• Model Size

• General applicability 

• Trainability, Robustness, etc

Area Chair Comment: 

… This paper makes a meaningful 

contribution to the literature by 

introducing a new proxy metric for real-

world performance, and additionally 

showing how neural network 

architectures might be designed to 

optimize that metric.   This is a fresh idea 

in a space where nearly every paper 

focuses exclusively on FLOPs and 

parameter counts. 



HarDNet @ ICCV-2019, Seoul
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HarDNet Open Source

🏆

800+ Stars  
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✓ GitHub Open Source

✓ https://github.com/PingoLH/Pytorch-HarDNet

✓ [ICCV 2019] HarDNet: A Low Memory Traffic Network

✓ In “PapersWithCode”
✓ https://paperswithcode.com/paper/hardnet-a-low-memory-traffic-network

✓ State-Of-The-Art for Real-Time Semantic Segmentation on Cityscapes 

since 2019/09

✓ #5 for Real-Time Object Detection on COCO

✓ State-Of-The-Art for Polyp Segmentation on Kvasir

https://github.com/PingoLH/Pytorch-HarDNet
https://paperswithcode.com/paper/hardnet-a-low-memory-traffic-network


HarDNet is Energy Efficient 

50,000 ImageNet Inferences
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Object Detection

2022/2/14 Copyright ©  2022 NEUCHIPS & NTHU 26



2022/2/14

SSD-VGG, 
SSD-ResNet101 →

SSD-HarDNet

RFB-VGG →
RFB-HarDNet

CenterNet-DLA,
CenterNet-Hourglass →

CenterNet-HarDNet
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HarDNet Empowers Famous Detectors
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SSD-HarDNet for Warehouse AGVs
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A Comparison of Deep Learning Models for 
Pallet Detection in Industrial Warehouses



SSD-HarDNet for Road Maintenance Inspection
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+ In-House RGPNet



CenterNet-HarDNet for Foundry Parts Inspection
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HarDNet85 – Best B’bone for SOTA FairMOT
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FairMOT: On the Fairness of Detection 
and Re-Identification in Multiple
Object Tracking



FairMOT + HarDNet for Multiple Vehicle Tracking
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多类别车辆跟踪 -- 模型训练、评估、预测、优化到部署的全流程方案

模型 IDF1
推理
速度-
V100

推理
速度-
T4

准确
率

召回
率

MCFairMOT
+DLA-34

46.3 14.1 11.5 74 50.9

MCFairMOT
+HRNetV2-
W18

50.5 15.8 13.6 80.2 51.2

MCFairMOT
+HardNet

48.8 13.4 10.8 80.5 47.8



Top Choice for Object Detection on 
Low-Memory Edge Devices
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…HarDNet as a backbone, the CenterNet performs even 
better by reducing the inference time and increasing 
the FPS even more. This type of performance is well 
suited for an edge-device implementation where we 
can acquire high FPS with low inference speed.

Finally, HarDNet is used as a backbone to SSD object 
detector to verify the robustness of the HarDnet
feature extractor …HarDNet considerably reduces the 
inference time (~80%) of SSD ... This shows that 
HarDNet should be a top choice for the deployment on 
low-memory devices.



Real-Time Semantic Segmentation of 
High-Definition Video
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FCHarDNet (Fully Convolutional, U-HarDNet) for
Real-Time Semantic Segmentation 

41

Cityscape Benchmark
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FCHarDNet for Autonomous Driving
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FCHarDNet in Baidu PaddleSeg Model Zoo
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FCHarDNet + PPYOLOv2 for Intelligent Driving
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FCHarDNet for Unmanned Railroad Trains
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CSPHarDNet = CSP-Net + HarDNet for
Autonomous Parking
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Deep-Learning-Based Parking Area and 
Collision Risk Area Detection Using AVM in 
Autonomous Parking Situation



FCHarDNet for Safe Vessel Navigation
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Safe Vessel Navigation Visually Aided by 
Autonomous Unmanned Aerial Vehicles in 

Congested Harbors and Waterways



Medical Imaging – Polyps Segmentation
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HarDNet-MSEG for Endoscopy Polyp Segmentation
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HarDNet-MSEG in XILINX VITIS AI Library
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https://docs.xilinx.com/r/en-US/ug1354-xilinx-ai-sdk/Polyp-
Segmentation



https://www.hackster.io/contests/xilinxadaptivecomputing2021

1st Place Award Winner:  Prof. Juinn-Dar Huang’s Lab

National Yang Ming Chiao Tung University, Taiwan

 1649 participants

 168 submissions

 Data Center AI using

Xilinx VCK5000 Card

 Judges are CTO & VPs

2021 Xilinx

Adaptive Computing 

Challenge (XACC)

HarDNet-MSEG X8 – US$10,000 Prize



HarDNet-DFUS for Diabetic Foot Ulcer Segmentation
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HarDNet-DFUS: An Enhanced Harmonically-Connected Network 
for Diabetic Foot Ulcer Image Segmentation and Colonoscopy 
Polyp Segmentation



國內醫生怎麼說?
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After validating with 100+ captured videos 

(15 min+)

… the gastroenterologist has reviewed the 

results and found them to be very good. The 

model generally skipped proliferative polyps 

(less pathogenic) and detect all 

adenomatous polyps (prone to become 

cancer).  This is helpful for clinicians.…



感謝射月計畫團隊
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感謝國網中心
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Thank You!!

Contact
Youn-Long Lin

ylin@cs.nthu.edu.tw
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