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for Improving Wind Speed Forecasting Accuracy
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ABSTRACT

This study proposes a novel GAN-based Super-Resolution (SR) model leveraging wavelet domain loss to improve the accuracy of wind
speed prediction. The proposed model integrates an enhanced generator structure into the existing Wavelet-Guided Super-Resolution
(WGSR) framework to transform low-resolution wind speed images into high-resolution representations. The generator is composed of
three modules: feature extraction, feature refinement, and reconstruction. Dense blocks and Channel Instance Residual Blocks (CIRB)
with instance normalization are incorporated to reduce distortion and improve reconstruction performance. Experimental results using
the NREL WIND Toolkit dataset demonstrate that the proposed model achieves performance improvements of 9.57% in PSNR, 21.20%
in SSIM, and 21.05% in RMSE compared to the original WGSR's RRDBNet. This indicates that the model effectively enhances wind speed
images from 10 km per pixel resolution to 2 km per pixel resolution, suggesting its potential applicability in weather forecasting and

energy management applications.
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Fig. 1. WGSR Framework with Proposed Generator for Wind Speed Super-Resolution

Table 1. Dataset Summary

Item Description
WIND Toolkit of NREL
Spatial Resolution |2 km><2 km

Data Source
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South Central, Interior West, Mid-Atlantic
Windspeed_100, Winddirection_100

Temporal
Resolution

Target Area

Variables
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Fig. 2. Proposed Generator Architecture: Feature Extraction, Refinement, and Reconstruction Modules
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Table 2. Experimental Environment Settings

Component Details
CPU Intel Core i9-12900K
GPU NVIDIA GeForce RTX 3090 Ti, 24GB
RAM Samsung DDR5 32GB X 4
Operating System Ubuntu 20.04.6 LTS

CUDA Version 11.8.89

cuDNN Version 8.7.0

Programming

Language Python 3.9.19

Deep Learning

Library PyTorch 2.4.0

(PSNR)} Structural Similarity Index Measure(SSIM), 18] 1
Root Mean Square Error(RMSE)E AH&-3Ath &3] RMSEE=
T4 ol 1;‘]4 AA| 7 LT GRS ARgSte] AEE o R
cq]X /\é .uﬂ7]—o]-3:_ o]—E.O]Iq-

a5 Eﬂ Al, AARRQE TERLO] SH5E(Learning Rate)2
1x10 2 A3}, Adam ZE7o]A(Optimizer)et ZHIE
(Momentum) gt 0.98 AHE3T}. 8582 MultiSteplR &7
£ (Scheduler)S 53l 3,000, 10,000, 15,000, 20,000 A&l
(Step)oll A 0.5814 ZrAAIF T o1& M2 sym7 ZH
o} 124 ¥gE F8otyg o, WHEA= Visual Geometry
Group(VGG) 718t 72& A8-3ich AA=te} wdzte] 7k
A= 242 0.13} 0.0058 Aste] 2do] 432 w3, A
A sh52 21,600 25 B JPH) &4 e Ae= 34
A9 & AH8FeH, A 39 AlE 472 Table 29+
Ed =

4.2 M5 HuE 95t 7|F 2

£ AFollM= 71 WGSRY| 541 +3oflA A8l RRDBNet
7} SRResNet= H| 1. thAko 2 A3t 5] RRDBNet2
T =wolA ot 24l RS Hwste] 22 S B
71wl FYUe WGSR ZE A= WollA AlStste Bl
o] J5 Aolg wAoh= o H3lolt

AQtet= ABAEAFS] AT ol Slol B BA 2Eg9] 7]
oqx g Brlstr] Yofl, did ZES AAT +2E F7182
Z 8|2} ESH EA & ZEA Dense Blockd] &3t
£ AZs}7] 98l, Dense Blocks 7]29] RRDBZE thA|st -
ZE 7 AFsto] vt

4.3 M It
Table 32 tst & o] gt HF4 Bt 435 v
Epdich, AY A3, Abols BAHAE AHESE EEo] PSNR,
SSIM, RMSE 2= A HofA 7]& FZA 7|9 HEHTE 94
3t 5= Eth Table 3914 & A519] ®EE& "WS-SRNet’

oz pr|glon, B4 A Be5g AATH ZdL2 NoRefine,

4 0I5 FZ- gy fet A0ISH =HQ &4 Vg =okyst 2F 715

Table 3. Quantitative Comparison of Proposed
and Existing Generator Models

PSNRt | SSIMt | RMSE}
22.670 | 0.566 0.076
22.080 | 0.541 0.082
22.573 | 0.532 0.077
23.800 | 0.647 0.067
24.839 | 0.686 0.060

Generator Type
RRDBNet
SRResNet
DB—RRDB (Ours)
NoRefine (Ours)
WS-SRNet (Ours)

Dense BlockS RRDBZ HjAIst ¥ DB—RRDB'ZE #7]
ok E3E 71 A 25 AMERE 292 RRDBNet ot
‘SRResNet 0.2 77+ A FT}.

Aotel= XAl | S o, ‘NoRefine' 222 PSNRO]
4.18%, SSIM°] 5.69% #43}al, RMSEE 11.67% Z7F5t0] &
% A ZEo| SR oJv|A 9] FA /Aol Fagt IS st
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Fig. 5. Visual Comparison of SR Results for Eastward (ua) and Northward (va) Wind Components
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Table 4. Ablation Study: Impact of Channel Attention
and Instance Normalization
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Fig. 6. Impact of Channel Attention and Instance
Normalization on SR Quality
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