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Fig.1 Error characteristics of day—ahead wind speed forecasts at each station in
Ningxia in 2022 (Map approval No.Ning S(2022)001)
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Fig.2 Monthly error characteristics of day—ahead wind speed forecasts at each station in Ningxia in 2022
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Fig.3 Hourly error characteristics of day—ahead wind speed forecasts at each station in Ningxia in 2022
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Applicability of CMA-WSP Model Products to Wind Energy
Forecasting in Ningxia

GOU Xiaohui"**, YAN Xiaoyu”, WU Wanli*, JIANG Ting’
(1.CMA Key Laboratory for Meteorological Disaster Monitoring, Early Warning, and Risk Management of Characteristic
Agriculture in Arid Regions, Yinchuan 750000, China; 2. Ningxia Key Laboratory of Meteorological Disaster Prevention
and Mitigation, Yinchuan 750000, China; 3.Ningxia Meteorological Service Center, Yinchuan 750000, China)

Abstract: To evaluate the applicability of the CMA-WSP wind speed forecast product in Ningxia, CMA-WSP wind speed
forecasts for 2022 and concurrent hourly observations from 25 surface meteorological stations in Ningxia were used. Statistical
methods were applied to analyze the spatial and temporal differences between the forecasts and observations and to evaluate
forecast performance. The results showed that, in terms of spatial distribution, CMA-WSP overestimated both the mean wind
speed and its standard deviation at all stations except Liupanshan Station. The root mean square error was the lowest at Pingluo
station and the highest at Shizuishan Station. At the monthly scale, the largest biases in mean wind speed occurred in March and
April, whereas the smallest errors and best forecast performance occurred in November and December. In terms of diurnal
variation, the largest biases in mean wind speed occurred at approximately 20: 00-21:00 and 1:00, whereas the smallest bias
occurred at around 11:00. The correlations between the forecast and observed wind speeds were strongest for WNW and NW
winds. Overall, the forecast and observed frequency distributions of wind direction and wind speed were relatively consistent.
However, the observed frequencies of calm winds and wind speeds below 2m/s were notably higher than the corresponding
forecast frequencies.

Keywords: wind speed; numerical model; forecast verification; Ningxia
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A Battery Charging Method for Photovoltaic Systems Based on
PSO-Optimized PID Control

BAI Yueguang', LI Panfeng®, WANG Wei', LIU Qing’, WANG Zhen', WU Lei™
(1.School of Information Engineering, Ordos Institute of Technology, Ordos 017000, China;
2. Xilin Gol Power Supply Branch, Inner Mongolia Electric Power (Group) Co., Ltd., Xilinhot 026000, China;
3. Department of Mechanical and Electrical Engineering,
Ordos Vocational College of Eco—Environment, Ordos 017000, China)

Abstract; As a commonly used energy storage device, batteries suffer from low charging efficiency and substantial energy
losses. In this study, the parameters of a proportional-integral-derivative (PID) controller were optimized using particle swarm
optimization (PSO) , and a Simulink model was developed to simulate battery charging under photovoltaic power generation
conditions. Simulations were conducted to compare the conventional charging method, PID control method, and PSO-optimized
PID control method. The results showed that, compared with the conventional charging and PID control methods, the PSO-
optimized PID control method significantly shortened the charging time and the time required to reach the constant-current
charging stage, thereby substantially improving charging efficiency. This method effectively improves battery charging
efficiency, reduces energy losses, and has promising application prospects.

Keywords ; particle swarm optimization (PSO) ; proportional-integral-derivative (PID) controller; battery charging method;

Simulink simulation
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