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CAI No. 10-1
Invention: AI-Powered Digital Solution for Utility Marketing Services:

Integrating Image Recognition and Intelligent Response Systems X

T ERR B Fu i g B AWy B L BB SR S+ B T A

Inventor (s) : Wu Yanfang, Zhang Yincui, He Junchi, Chen Guansheng,
Liang Zhiyong, Jiang Nan; Zhaoqing Power Supply Bureau, Guangdong
Power Grid Co., Ltd.

Patent No. : ZL 2021 1 0970658. 5. ZL 202110970659. X. ZL 202110969030. 3.
ZL 2021 1 0970622. 7. ZL 202110970634. X

Introduction:

This invention develops a set of Al-based intelligent front—end operation assistance
tools for the electricity marketing business domain. Through image recognition, voice
interaction, and other methods, it realizes functions such as text information
recognition (e.g., business licenses), voice recording of on-site marketing
operations, and intelligent line loss investigation. This further extends
intelligent capabilities to the field to assist or replace manual operations,
enhancing human—machine collaboration and comprehensively elevating the
specialization, standardization, informatization, and intelligence levels of
grassroots power supply offices.

I. Novelty and Practicality

1. Novelty

This project demonstrates significant innovation in the integration of
technology application and business scenarios, mainly reflected in the following
aspects:
1.1 Technological Integration Innovation:

The project deeply integrates image recognition, speech recognition, and
intelligent response technologies, constructing a complete
"perception—understanding-response"” intelligent closed loop for electricity
marketing operations within power supply offices for the first time. For example,
dedicated OCR algorithms (e.g., combining Faster R-CNN and YOLOv3 object detection
techniques) were developed for industry-specific documents like certificates and
forms, addressing the pain points of low accuracy and insufficient structured output
of generic OCR in power business scenarios. For voice interaction, the
BERT-BiLSTM-CRF model is used for entity relationship extraction in the power domain,
optimized with a self-built industry corpus, significantly improving the precision
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of semantic understanding.

1.2 Business Scenario Innovation:

Traditional electricity marketing operations rely heavily on manual processes,
suffering from issues like redundant data entry and inconsistent standards. This
project automates business process restructuring through intelligent tools (e. g.,
intelligent line loss investigation, intelligent response for business expansion).
For instance, the transformer area line loss rate anomaly investigation application
uses Al algorithms to analyze line loss distribution and automatically generates loss
reduction plans, filling an industry gap in intelligent line loss management.

1.3 Intellectual Property Layout:

The project has applied for 7 invention patents (e.g., "An Intelligent Interaction
Method and Device Applicable to Voice Information", "An OCR Classification Method
and System"), covering core algorithms and application scenarios to establish
technical barriers. Among these, the multi-model fusion method for power entity
recognition and the end—to—end relationship extraction technology based on attention
mechanism are industry firsts.

2. Practicality

The project has been piloted at Zhaoging Power Supply Bureau of Guangdong Power Grid,
verifying its efficiency and scalability:

Efficiency Improvement:

In the intelligent business expansion review scenario, document recognition accuracy
increased from 70% (using generic OCR) to 95%, reducing single transaction processing
time from 40 minutes to 15 minutes. During the pilot of the transformer area line
loss investigation application, line loss anomaly localization efficiency improved
by 60%, saving approximately 1.2 million yuan in annual labor costs.
Standardization and Normalization:

Through unified data models and intelligent review rules, data error rates caused
by manual operations were reduced (data consistency improved by 80% during the pilot),
enabling cross—system linkage of marketing and distribution network business data.
User Experience Optimization:

The intelligent response system supports natural language interaction, reducing
average customer inquiry response time from 5 minutes to real-time feedback,
increasing customer satisfaction to 98%.
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Figure 1 Flowchart of Digital Application for Power Supply Office Marketing
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Figure 2 Schematic Diagram of Digital Application for Power Supply Office Marketing
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Fig 3 Implementation Diagram of Digital Application for Power Supply Office Marketing Operations
Based on Image Recognition and Intelligent Response

II. Technical, Economic, and Social Contributions

1. Technical Contribution

Core Technological Breakthroughs:

Image Recognition:Developed deep learning—based feature extraction networks
tailored for power industry certificate and equipment inspection needs. Combined with
data augmentation techniques (e.g., specialized optimization for handwriting), it
maintains high-precision recognition even under complex background interference.
Voice Interaction: Optimized the acoustic model using the BiLSTM+CTC model and
trained it with a power industry terminology library, increasing speech recognition
accuracy from 85% (generic models) to 96%.

Intelligent Decision-Making:Built a multi—engine fused Q&A system (FAQ+KBQA+DocQA),
supporting dynamic adaptation to business scenarios, covering core areas like
business expansion applications and metering fault investigation.

Industry Standard Promotion:

Project outcomes have been incorporated into the "China Southern Power Grid Digital
Transformation Technical Specifications", providing a technical paradigm for the
intelligent transformation of the power industry.

2. Economic Contribution

Direct Economic Benefits:

During the pilot phase, Zhaoging Power Supply Bureau saved approximately 1.728
million yuan in annual labor costs. Upon province-wide promotion (19 city bureaus),
the estimated annual market size reaches 9.5 million yuan, with a 20% profit margin
yielding an annual profit of about 1.9 million yuan. By optimizing line loss rates
(0. 5% reduction in pilot areas), annual electricity loss is reduced by approximately
5 million kWh, translating to an economic benefit of 2.5 million yuan.

Cost Savings:

Intelligent business expansion review reduces paper document storage costs, saving
300,000 yuan in annual office expenses.

3.Social Contribution




Productivity Liberation:

Intelligent tools replace repetitive labor (e.g., data entry, basic inquiries),
allowing frontline staff to focus on high-value work (e.g., customer relationship
management, complex fault handling). This drives the transformation of power supply
offices from "labor—-intensive" to "technology—-intensive" models

Service Quality Enhancement:

Customers can check business progress in real-time via smart terminals, reducing
complaint rates by 40% and helping build a "customer—centric" service system.
Green and Low—Carbon Benefits:

Line loss rate optimization reduces energy waste, decreasing annual CO2 emissions
by approximately 3,000 tons, aligning with the "dual-carbon" goals (carbon peak and
carbon neutrality).

. fjﬁﬁﬂﬂﬂ B NN )'gﬂ/ / ]

Fig 4 Application Certification of Digital Application for Power Supply Office Marketing
Operations Based on Image Recognition and Intelligent Response
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III. Development Prospects

1. Industry Promotion Potential

Horizontal Expansion: The project's technical framework can be adapted to other
scenarios within the power industry (e.g., distribution operation and maintenance,
customer electricity usage analysis), potentially extending to the entire power grid
business chain. For example, integrating with UAV inspection image recognition
technology could enable automatic detection of transmission line defects.
Vertical Deepening: Introducing reinforcement learning and knowledge graph
technologies will enhance the autonomous decision—making capabilities of the
intelligent system. For instance, building power equipment fault prediction models
to achieve an upgrade from "passive response" to "active prevention".

2. Technology Iteration Direction

Edge Computing and Lightweight Deployment:While the current system relies on cloud
computing power, future iterations could enable local deployment on mobile terminals
through model compression techniques (e.g., knowledge distillation), enhancing
real—-time performance for field operations.

Cross—Industry Application: Core technologies (e.g., specialized OCR,
domain-specific semantic understanding) can be migrated to public utility sectors
like water and gas, forming a "Smart Energy Management" ecosystem.

3.Policy and Market Opportunities

Policy Support: China's 14th Five-Year Plan explicitly advocates for energy
digitalization. The project aligns with the "AI + Power" strategic direction outlined
in the "Digital Grid Development White Paper" and is poised to benefit from policy
funding support.

Market Demand:Among over 3,000 county—level power supply offices nationwide, only
30% have completed preliminary digital transformation, indicating a potential market
size exceeding 1 billion yuan.

4.Risks and Countermeasures

Technical Risk: The complexity and variability of power business scenarios
necessitate continuous improvement of model generalization capabilities.
Countermeasure: Establish a dynamic corpus update mechanism and regularly iterate
algorithms.

Competitive Risk: Some tech companies (e.g., Huawei, Alibaba Cloud) have entered the
power Al sector. Countermeasure: Deepen collaboration with power grid enterprises

11



and strengthen industry Know—how barriers.

Please contact: 13822622653

Name:Wu Yanfang

Company: Zhaoqing Power Supply Bureau, Guangdong Power Grid Co., Ltd.
Address:No. 88 Xin'an Road, Duanzhou District, Zhaoging City, Guangdong

Province, China
Mobile: 0086— 13822622653
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Guangdong Power Grid Corporation Zhaoqing Power Supply Bureau
JRENFRTENEDERERR

Introduction:

Guangdong Power Grid Co., Ltd. Zhaoqing Power Supply Bureau Information Center Data
Application & Information Security Operation Team Established in 2013.

The team is primarily responsible for:

- Daily operation and maintenance of the bureau’s information systems, software/hardware
platforms, network security devices, and terminal equipment.

- Management of the Service Center 1000.
Key Responsibilities & Milestones:

- 2014: Commissioned by the provincial company, undertook the construction and IT operation of
the Grid Company’s Technology Reserve Center Disaster Recovery Data Center and the Provincial
Company Information Data Center. The Zhaoqing Remote Disaster Recovery Center hosts nearly
800 TB of backup data for the "6+1" systems from 10 subsidiaries across 5 provinces of China
Southern Power Grid, providing critical disaster recovery support and safeguarding enterprise-level
information system data security.

- 2015: Participated in the joint debugging base construction and operation support for the "6+1"
enterprise-level systems.

-2016: Underwent strategic transformation, shifting from pure equipment maintenance to big data
analytics, security control, and business-innovation integration, with emphasis on cultivating
interdisciplinary talent.

Current Scope:

Manages operation and maintenance for:

- Zhaoqing Power Supply Bureau’s information network devices
- IDC data center infrastructure

- Service Center 1000
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- China Southern Power Grid Disaster Recovery Center (Zhaoqing)
- Provincial Company Information Data Center

Ensures stable operation of the "6+1" systems’ remote disaster recovery infrastructure and actively
integrates emerging technologies (*cloud computing, big data, IoT, mobile internet, and AI*) with
business operations to fully support the bureau’s "Smart & Innovative Zhaoqing Power" initiative.

Awards:
- National Outstanding Quality Team
- Provincial Company Information Security Competition Group First Prize

- China Southern Power Grid Enterprise-Level Information System Promotion & Application
Excellence Team

- Guangdong Power Grid Co., Ltd. Worker Pioneer Team
Award Highlights (2024):

- First Prize, "Electricity Dual Innovation Cup" Technological Innovation Achievement (Power
Industry)

- First Prize, Zhaoqing & Yunfu Innovation Methodology Competition
- Second Prize, China Innovation Methodology Competition (Guangdong Division)
- Second Prize, Power Industry Innovation & Creativity Competition

- Professional Level, China Quality Innovation & Quality Improvement Achievement Presentation
(Phase 1) — QC Group Achievement Exchange
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Fig 1: First Prize, 2024 Power Industry "Electricity Dual Innovation Cup" Technological Innovation Achievement
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Fig 2: First Prize, 2024 Zhaoqing & Yunfu Innovation Methodology Competition

Fig 3: Second Prize, 2024 China Innovation Methodology Competition (Guangdong Division)

Fig 4: Second Prize, 2024 Power Industry Innovation & Creativity Competition

Fig 5: Professional Level, 2024 China Association for Quality QC Group Achievement Exchange (Phase 1)
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Please contact: 13822622653

Name:Wu Yanfang

Company/Unit:Zhaoqing Power Supply Bureau, Guangdong Power Grid Co., Ltd.

Address:No. 88 Xin'an Road, Duanzhou District, Zhaoqing City, Guangdong Province, China
Mobile: 0086- 13822622653
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