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氣渦輪機葉片缺陷檢測模型之建立 
Establishment of Gas Turbine Blade Defect Detection Model 

葉佐端* 
Yeh, Tso-Duan 

曹志明* 
Tsao, Chih-Ming 

吳憲政* 
Wu, Hsien-Cheng 

劉家銓* 
Liu, Chia-Chuan 

摘  要 

燃氣發電現已為台電最主要的發電方式，台電修護單位需經常且大量地進行氣渦輪機組

葉片的銲修及再生工作以提升葉片之使用壽命。在這過程中，透過照射 X-Ray 圖像的 RT 檢

測(Radiographic Testing)為重要的工作項目之一，過去靠具經驗技術人員的檢測方式既耗時費

力且成本高，已不敷再生葉片量產與未來自動化之需求。近年來，圖像辨識技術隨著人工智

慧的快速發展而有了長足的進展，其中，卷積神經網路為目前高度發展的圖像處理方法之

一，因此，本研究乃透過 VGG-19 網路遷移學習建立 M501G 動葉片缺陷檢測模型，裨益於

實現氣渦輪機葉片缺陷檢測即時、線上與自動化之目標。 

Abstract 

Gas-fired power generation has become Taipower’s major power generation method. 

Therefore, Taipower’s maintenance units need to carry out frequent and large-scale welding and 

coating of gas turbine blades to extend their service life. In this process, radiographic testing (RT) 

is one of the important work items. In the past, inspection relied on experienced technicians, which 

was time-consuming, laborious and costly; and it is no longer sufficient to meet the needs of mass 

production and future automation needs of regenerated blades. In recent years, pattern recognition 

technology has made great progress with the rapid development of artificial intelligence. Among 

them, convolutional neural network is one of the highly developed pattern processing methods. 

Therefore, this study uses VGG-19 network transfer learning to establish an M501G moving blade 

defect detection model, which will help achieve the goal of real-time, online and automatic defect 

detection of gas turbine blades. 

關鍵詞(Key Words)：圖像辨識(Pattern Recognition)、卷積神經網路(Convolutional Neural Network)、

遷移學學習(Transfer Learning)。 
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*台灣電力公司輸供電事業部系統規劃處 

雲林沿海再生能源併網熱區強化電網規劃檢討 
A Review of Transmission Reinforcement Planning in Yunlin’s RE Grid Connection Hot Spot 

林維哲* 
Lin, Wei-Che 

王喬弘* 
Wang, Chiao-Hung 

盧銘順* 
Lu, Ming-Shun 

馬偉富* 
Ma, Wei-Fu 

摘 要 

配合政府再生能源發展政策，經濟部能源局預定 2025 年達到 30.161GW 再生能源裝置

容量，其中太陽光電占 20GW。面對未來大量再生能源業者併網需求，台電公司已規劃併

網所需之電網建設並強化輸電能力。因雲林沿海一帶屬再生能源開發熱區，161kV 輸電系

統環路於長期發展的過程中，將有部分線路開始出現電網瓶頸，進而影響區域併網能力，

本文針對大量再生能源併入嘉 O 北超高壓變電所(Extra-High Voltage Substation，以下簡稱

E/S)轄區進行檢討分析，說明系統概況及潛在弱點，再進一步說明為滿足再生能源併網需

求，台電公司針對潛在弱點規劃之電網改善工程，最後針對改善後之輸電系統進行模擬，

在符合輸電系統規劃準則之前提下，觀察再生能源併網對系統之輸電線路、變壓器等設備

之影響，評估加強電力網工程可提升之最大併網容量，以確保電網在安全無虞下，滿足嘉

O 北 E/S 轄區 161kV 輸電系統之再生能源併網需求。 

Abstract 

To cooperate with the government’s renewable energy (RE) policy, the Bureau of Energy of 

the Ministry of Economic Affairs (MOEA) is scheduled to reach 30.161 GW of RE installed 

capacity by 2025, of which solar photovoltaic (PV) accounts for 20GW. In the face of huge RE 

grid connection demand, Taipower has thus planned to reinforce its grid infrastructure to enhance 

its transmission capability. Since the Yunlin coastal area is a hot spot for RE development, during 

the long-term development process of the 161kV transmission system, some lines may encounter 

grid connection bottlenecks, which will affect the regional grid connection capacity. This article 

reviews and analyzes the integration of a large amount of RE into the Chiaxxx North Extra-High 

Voltage Substation (E/S), and introduces the system overview, potential weaknesses, and 

Taipower's efforts to meet the needs of RE grid connection. Finally, a simulation was conducted 

on the strengthened and improved transmission system. Under the premise of complying with the 

transmission system planning criteria, the impact of RE grid connection on the system's 

transmission lines, transformers and other equipment was observed, and the maximum grid 

connection capacity that could be increased by the strengthened power grid project was evaluated 

to ensure that the power grid is safe, secure, and capable to meet the renewable energy grid 

connection needs of the 161kV power transmission system in the area. 

關鍵詞(Key Words)：再生能源(Renewable)、電網瓶頸(Grid Bottleneck)、電網改善工程(Grid 

Reinforce Project)。 

 



 

 

*台灣電力公司輸供電事業部電力調度處 

國外再生能源併網法規之研析 
Review of Foreign Renewable Energy Grid Connection Regulations 

 莊武斌*  

 Chuang, Wu-Pin  

摘 要 

因應全球暖化及氣候變遷衝擊，許多國家已積極推動能源轉型，台灣能源轉型以減煤、

增氣、展綠、非核之潔淨能源發展方向為規劃原則，確保電力供應穩定，兼顧降低空污及

減碳。我國政府為擴大再生能源推廣，訂定 2025 年再生能源裝置容量達 30.161GW 為目標。

隨著再生能源大量併網後，對於氣候依賴度大幅增加，負載及發電預測愈加困難。此外，

在白天時段，傳統機組大幅減少發電的機會，除了導致系統慣量不足，頻率響應變差，也

因主動式虛功來源不足，若電網發生故障，可能造成系統電壓不穩定。因此，若未具備所

需因應對策，日後非預期的停/限電機會將增加。本文參考國外併網規範之發展趨勢，即針

對國際上包含歐、美與亞洲等國家或機構有關再生能源相關併網規範進行綜整，作為未來

修訂我國再生能源併聯運轉相關規範訂定之參考。 

Abstract 

Many countries have actively promoted energy transition in response to the impact of global 

warming and climate change. To ensure stable power supply while taking into account air 

pollution control and carbon reduction, Taiwan’s energy transition is based on the planning 

principles of reducing coal, increasing LNG, developing renewable and zero nuclear. To expand 

renewable energy (RE), Taiwan government has set a target of reaching 30.161GW RE installed 

capacity in 2025. As a large number of RE sources are connected to the grid, dependence on 

climate has increased significantly, making load and power generation forecasting more and more 

difficult. Moreover, during daytime hours, traditional synchronous generators largely lose the 

opportunity to generate electricity. Not only does this result in insufficient system inertia and 

poor frequency response, but also insufficient active reactive power. When a system fault occurs, 

the system voltage may become unstable. Therefore, if necessary countermeasures are not in 

place, unexpected blackouts/brownouts will increase in the future. This article refers to the 

development trend of foreign RE grid connection regulations in countries or institutions in 

Europe, the United States, Asia and other countries to serve as a reference for the future 

regulation revision related to RE grid connection in Taiwan. 

關鍵詞(Key Words)：再生能源(Renewable Energy)、能源轉型(Energy Transition)、併網法規

(Connection Code)。 

 
 



 

                                                                                              

*台灣電力公司綜合研究所 
**財團法人台灣綜合研究院 

從每月用電數據預測短期經濟成長 
Short-term Economic Growth Forecast from Monthly Electricity Consumption Data 

             余長河*            李俊杉** 
              Yu, Charng-Her         Lee, Chun-Shen 

鄭柏彥** 李茂寧** 林劭鴻** 
Cheng, Po-Yen Lee, Mao-Ning Lin, Shao-Hung 

摘 要 

本研究嘗試將神經網絡預測分析方法與總體經濟的短期預測相結合，突破過去推估

短期經濟成長的資料頻率與研究方法限制，採用人工智慧深度學習的長短期記憶(LSTM)

預測模型，透過產業每月用電數據進行短期總體經濟的預測。在資料處理上，完成台電

公司 AMI 數據行業分類標準的重新校正，並將國內主要產業 GDP 數據依時拆分成每月

GDP。研究發現 LSTM 模型預測結果準確度優於 GRU、隨機森林、ARIMA 等一般常見

的預測方法。 

Abstract 

This research attempts to combine the neural network forecast analysis method with the 

short-term forecast of the overall economy, breaking through the limitations of data frequency 

and research methods in estimating short-term economic growth in the past, and using the long 

short-term memory (LSTM) forecast model of artificial intelligence deep learning. In this 

research, we also use monthly industry electricity consumption data for short-term overall 

economic forecasts. In terms of data processing, this research not only completed the 

recalibration of the industry classification standards of Taipower's AMI data, but also split the 

GDP data of major domestic industries into monthly GDP in a timely manner. The research 

results show that the forecast accuracy of the LSTM model is better than common prediction 

methods such as GRU, random forest, and ARIMA. 

關鍵詞(Key Words)：長短期記憶(Long-short Term Memory, LSTM)、即時預報(Real-time 

Forecast)、經濟成長(Economic Growth)。 

 

 

 

 

 

 

 

 

 

 



 

 

複雜電纜洞道地形之電力線通訊實際應用 
Application of Power Line Communication in Complex Cable Tunnel Terrain 

廖文聘* 劉宇恒* 洪瑞呈* 
Liao, Wen-Pin Liu, Yu-Heng Hung, Jui-Cheng

唐文祥** 劉國才*** 廖吉義*** 
Tang, Wen-Shiang Liu, Go-Tsair Liao, Chi-Yi 

摘 要 

高雄 345 kV 超高壓地下電纜線路因整體設施皆設置於地面下並屬局限空間，故對於設

施安全以及相關維運人員安全問題的要求均十分嚴謹，本研究藉由無線通訊系統佈建，導

入物聯網、智慧感測以及行動終端等資通訊技術及 Proof of Concept (PoC)應用示範來進行輔

助，以確保人員及電力設施之安全及運作。建置過程由於電纜洞道地形複雜，其無線通訊

受限於地形與現場單位佈建規範，原規畫於洞道兩側無線通訊驗證區段之 2 個末端位置區

域使用 WiFi 5.8 GHz 作為通訊主幹。然而於設備建置過程中實際量測後發現其通訊效能無

法滿足原定雙向連線速率 8Mbps 之通訊需求，後經使用電力線通訊(PLC)取代無線網路通訊

作為此區段之通訊架構主幹後，其通訊效能改善使資料傳輸率滿足原定實際通訊場景需

求。本篇論文針對無線網路通訊結合有線電力線通訊作為通訊主幹，從而解決因地形環境

受限所造成之通訊效能影響，可為日後其他複雜地形場域通訊系統建置之參考。 

Abstract 
The 345 KV extremely high voltage (EHV) unde rground cable line in Kaohsiung has ver y 

strict requirements for the safety  of the faciliti es and related maintenance personnel because the 
entire facilities are installed underground and in a  confined space. This research aims to e nsure 
the safe operation of  per sonnel and power facilities by  deploying wireless communication 
systems, introducing i nformation and communicati on technologies (ICT) such as the Internet of 
Things, smart sensing, and m obile terminals, and with the assistance of Proof of Concept (PoC)  
application de monstrations. During the  constructio n process, due to the com plex terrain of the 
cable tunnel,  the wireless comm unication was lim ited b y the t errain and o n-site unit layout 
specifications; therefore, we originally pla nned to use WiFi 5. 8 GHz as the co mmunication 
backbone at the two end locations of the wi reless communication verification section on both 
sides of the tunnel. However, after actual measurement, it was found t hat the co mmunication 
performance could not meet the requirements of th e original two-way connection rate of 8Mbps. 
Later, power line communication (PLC) was used to replace the wireless network communication 
as the backhaul of the c ommunication architect ure in that se ction, and the co mmunication 
performance was thus improved,  allo wing the data transfer rat e to m eet the original ac tual 
communication requirements. In this applica tion, we use wireless netwo rk co mmunication 
combined with wired power line co mmunication as the commu nication backhaul to solve the  
problem of communication performance degrade cau sed by restricted terrain environments. The 
content of this articl e may serve as reference for the construction of other complex terrain field  
communication systems in the future. 

關鍵詞 (Key Words)：電力線通訊(Power Line Communication)、超高壓 (Extrem ely High Voltage, 
EHV)、電纜洞道(Cable Tunnel)。 
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放射性廢棄物運輸包件試驗與接受標準研討 
Study on Testing and Acceptance Criteria of Radioactive Waste Transport Packages 

陳智隆* 
Chen, Chih-Lung 

摘 要 

放射性廢棄物的運送過程須確保放射性廢棄物不會對工作人員及民眾造成輻射傷害，

因此，放射性廢棄物應以合適並符合相關品質試驗要求的包件進行運送。我國對於容器試

驗要求僅在運送包件有制定明確的試驗項目與概述通過標準，比對 T 容器的試驗規劃與接

受標準，並以設定的洩漏率，確認應可滿足我國《放射性物質安全運送規則》之試驗程序

與標準規定。對於 T 容器的選用原則應依廢棄物的活度、重量和體積特性，搭配 T 容器的

設計基準，同時考慮貯存、運送和處置階段之作業需求來選用，並非以廢棄物的處置分類

為選用依據。本研究對容器或運送包件的試驗項目與通過標準探討有助於使用許可的申

請，另掌握 T 容器的選用原則將有助於降低廢棄物營運成本。 

Abstract 

The transport process of radioactive waste must ensure that the radioactive waste will not 

cause radiation harm to working staff and the public; therefore, radioactive wastes should be 

packed in shipping packages that meet relevant quality test requirements. The container testing 

requirements in Taiwan have clear test items but only outlined acceptance criteria. In practice, by 

comparing the test planning and acceptance criteria of the T-Box (Taipower-Box) and confirming 

it with the set leakage rate, it should be able to meet the test procedures and standards of Taiwan’s 

"Rules for Safe Transport of Radioactive Materials".  The selection principle of the T-Box 

should be based on the activity, weight and volume characteristics of the waste, the design criteria 

of the T-Box, and the operational needs of the storage, transportation and disposal stages, rather 

than the waste disposal classification. This study discusses the test items and acceptance criteria 

for containers or transport packages, which will help with use license applications. In addition, 

mastering the principles of T-Box selection will help reduce waste operating costs. 

關鍵詞(Key Words)：盛裝容器(Storage Container)、運送包件(Transport Package)、試驗程序(Test 

Procedure)、接受標準(Acceptance Criteria)、洩漏率(Leakage Rate)、T 容器(Taipower-Box, T-Box)。 
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核能一、二、三廠緊急應變計畫區內民眾防護措施及疏

散方案分析規劃 
The Analysis and Planning of Public Protection Measures and Evacuation Plans for the 

Nuclear Power Plants in Taiwan 

許聿廷* 
Hsu, Yu-Ting 

吳杰** 
Wu, Jay 

柯凱元*** 
Ke, Kai-Yuan 

譚義績*** 
Tan, Yih-Chi 

摘 要 

民眾防護措施之分析及規劃內容包括：人口分布、輻射偵測計畫、民眾預警系統、民

眾集結、疏散及收容之分析與規劃。人口分布是調查緊急應變計畫區內相關人口，以戶政

人口與特殊人口等資料統計為主，作為民眾集結、疏散及收容根據。輻射偵測包含核能電

廠運轉期與除役期的輻射監測計畫，用以分析環境生態中所受的輻射劑量，同時亦規劃事

故期輻射偵測措施，以達到監控各項民眾防護行動之操作干預基準。預警系統著重於警報

站建置、測試、涵蓋率調查；預警系統未涵蓋區域，以防救災訊息服務發送平台結合巡迴

廣播路線及其他支援系統進行通知。民眾集結、疏散及收容分析與規劃係提供事故時疏散

路線規劃，評估適當民眾集結點、收容所以及不同情境下的疏散時間估算。 

Abstract 

The analy sis and planning of  public protection m easures include population distribution,  
radiation m onitoring pr ogram, public early warn ing and notification s ystem, public gathe ring, 
evacuation and shelter. Populatio n distributio n is  a survey  of t he relevant population in  an 
emergency planning zone (EPZ), mainly based on household regi stration population and special 
population st atistics, which serve as t he basis for m ass gathering, evacuat ion an d shel ter. 
Radiation d etection includes radiation monitoring plans during the  operation  an d 
decommissioning periods of nuclear power plants to analy ze the radiation dose received in the  
environment and ecology, and to plan radiation detection measures during the  accident period to 
monitor operative intervention levels (OILs) fo r various public  protection actions. The early  
warning system focuses on the construction, testing and coverage surveys of alarm stations. Areas 
not covered by the early warning system are notified by the emergency management information 
cloud platform (EMIC) in com bination with rovi ng broadcast routes and other support  systems. 
The mass ga thering, evacuation and s helter an alysis and planni ng pro vides evacuation route  
planning in the event of e mergency, evaluates appropriate mass gathering poin ts, shelters, and  
evacuation time estimates under different scenarios. 

關鍵詞(KeyWords)：分析與規劃(Analysis and  Planning) 、緊急應變計畫區(Emergency Planning 
Zone)、民眾防護措施(Public Protective Measures)。 
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