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Abstract. This research delves into the advantages of the AI-processed crowdsourcing method in 
the map data update mechanism for the navigation system of autonomous driving. It explores how 
this innovative approach offers high real-time performance, enabling immediate capture of road 
changes. The method facilitates large-scale data collection from a wide range of sources, ensuring 
comprehensive coverage. Cost-effectiveness is achieved by leveraging existing user infrastructure 
and AI-driven data processing. Data accuracy and reliability are enhanced through crowdsourcing 
method and AI cleaning algorithms. Additionally, it examines real-world application cases, 
highlighting successful implementation and outcomes. Looking towards the future, potential 
developments and challenges are discussed, emphasizing the need for continuous improvement in 
areas like data security and standardization. The conclusion asserts that with strategic mitigation of 
challenges, this method holds great promise in advancing autonomous driving technology for safer 
and more efficient navigation. 
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1. Introduction 

In recent years, autonomous driving technology has been advancing rapidly. As noted by Li et al., 

it holds great promise for the future due to its potential to enhance traffic safety, efficiency, and 

convenience [1]. A crucial component of autonomous driving is the navigation system, which relies 

on precise map data for vehicles to make correct decisions. Timely updates on road conditions, traffic 

signs, and obstacles enable autonomous vehicles to plan routes effectively, avoid hazards, and adapt 

to complex traffic scenarios. This necessitates the rapid collection and real-time processing of a vast 

amount of data. 

Traditionally, map data update methods include professional acquisition teams, collaboration with 

government and third-party data sources, automatic update technologies, and the use of sensors and 

monitoring devices [2]. Professional teams collect information through on-site investigations and 

professional equipment. Sensors like coils, radars, and surveillance cameras measure traffic flow 

parameters to support real-time map updates. However, traditional methods have drawbacks. They 

require significant manual labor, are often not timely, can be costly, and may lack accuracy. Data 

collection by teams is time-consuming and cannot capture all continuously changing data. 

Professional acquisition teams are expensive, and sensors may not provide full coverage. Additionally, 

data from government and third-party sources may not be timely enough. 

Crowdsourcing offers an alternative approach. It involves outsourcing tasks to the general public. 

In the context of map data update, it engages all road traffic vehicles to collect road information. 

Vehicles collect data as they pass by, enabling the acquisition of a large amount of real-time data in 

a short time and facilitating real-time map updates. 

Artificial intelligence (AI) is essential for processing crowdsourced data. Crowdsourced data 

comes from diverse sources and varies in quality. AI can quickly screen and classify this data, 

separating legitimate information from noise using its powerful algorithms and pattern recognition 

capabilities, thereby improving data quality [3]. AI also helps integrate and fuse data by standardizing 

disparate datasets from various channels and individuals. Moreover, AI can detect trends and patterns 

in crowdsourced data. Through deep learning and data analysis techniques, it can find hidden patterns 
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and provide valuable insights for decision-making. For example, in crowdsourced map data, AI can 

identify regions with frequent road changes to prioritize map updates. This report aims to analyze the 

advantages of the crowdsourcing method based on AI processing in the map data update mechanism. 

2. Crowdsourcing Methods Based on AI Processing 

2.1. The Process of Crowdsourcing Methods Base on AI Processing 

2.1.1. Massive and comprehensive data collection through crowdsourcing methods 

Massive and comprehensive data collection through crowdsourcing methods plays a crucial role 

in the map data update mechanism of the navigation system for autonomous driving. 

In this process, a diverse range of devices and individuals contribute data. Smartphones carried by 

pedestrians and passengers, equipped with GPS and various sensors, can record information such as 

road curvatures, speed limits, and the presence of traffic lights. Autonomous vehicles themselves, 

with their advanced sensor suites, collect detailed data on road surfaces, lane boundaries, and nearby 

obstacles. 

For instance, companies like Google and TomTom have successfully implemented crowdsourcing 

methods to enhance their mapping services. Google Maps relies on the location data shared by users' 

mobile devices to improve the accuracy and timeliness of its maps. TomTom collects real-time traffic 

information from a large number of connected vehicles to update its navigation systems. 

To ensure the quality and validity of the collected data, several techniques are employed. Data 

preprocessing steps filter out noise and outliers. Machine learning algorithms are used to identify and 

correct errors. Additionally, data from multiple sources are fused to create a more comprehensive and 

accurate dataset. 

Crowdsourcing also enables the collection of data in hard-to-reach or less-frequented areas. This 

helps fill in the gaps in existing mapping databases and provides a more complete picture of the road 

network. 

2.1.2. Data processing by AI through algorithms and models 

Data processing by AI through algorithms and models is a critical aspect within the framework of 

the map data update mechanism for the navigation system of autonomous driving. AI-driven 

algorithms and models are employed to handle the vast and complex data collected through 

crowdsourcing. These algorithms are capable of extracting valuable insights and patterns from the 

raw data. For instance, machine learning techniques can identify changes in road layouts, such as new 

intersections or lane modifications. Deep learning models can analyze images and sensor data to 

detect road conditions and obstacles with high accuracy [4]. 

Moreover, natural language processing algorithms can process textual data submitted by users, 

such as reports of road closures or construction work. These models can understand and categorize 

the information, converting it into usable data for the map update process. The use of AI also enables 

real-time processing and analysis of the data. This ensures that the updated map information is made 

available promptly to the autonomous driving systems, allowing for more efficient and safe 

navigation. For example, predictive analytics models can anticipate potential road changes based on 

historical and current data patterns. 

In summary, the application of AI through sophisticated algorithms and models transforms the raw 

crowdsourced data into meaningful and actionable information, facilitating the continuous 

improvement and accuracy of the navigation system's map data. 

2.1.3. Map update, data verification and release 

The process of map update and data verification and release is similar to that of a general map 

update mechanism. Once the data has been processed by AI, the updated map is generated. This 

update incorporates all the identified changes and improvements. Data verification is then carried out 

to ensure the accuracy and reliability of the updated map. This may involve cross-checking with 
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multiple data sources or conducting on-site inspections. Only after passing the verification process is 

the updated map released to the users. The timely and accurate release of the updated map enables 

autonomous driving systems to have the most current and correct navigation information, enhancing 

the safety and efficiency of autonomous driving. 

2.2. The Advantages of Crowdsourcing Methods Base on AI Processing 

2.2.1. High real-time performance 

The combination of crowdsourcing and AI processing offers significant advantages in achieving 

high real-time performance in map data update for autonomous driving navigation systems. In 

traditional mapping methods, data collection and update processes can be time-consuming, often 

resulting in outdated information being used by drivers [5]. However, with the crowdsourcing 

approach, data is collected in real-time as users travel on the roads. This means that changes in road 

conditions, traffic flow, and new infrastructure developments are captured immediately. For example, 

if a road is closed due to construction or an accident, this information can be quickly submitted by a 

passing driver through a mobile application. The AI algorithms then process this data promptly, 

allowing for almost instantaneous updates to the map. This real-time nature ensures that autonomous 

vehicles have the most current and accurate information, enabling them to make timely and informed 

decisions on the road [6]. 

Furthermore, the integration of AI enables predictive analytics. By analyzing historical and real-

time data patterns, the system can anticipate potential changes in road conditions before they occur. 

This proactive approach enhances the real-time performance by allowing for preemptive adjustments 

in navigation routes and driving strategies. 

2.2.2. Large-scale data collection 

Crowdsourcing methods based on AI processing facilitate large-scale data collection in several 

ways. Firstly, the sheer number of participants contributing data significantly increases the volume 

and variety of information available. Not only do professional mapping teams and vehicles contribute, 

but also everyday users with their mobile devices become valuable data sources [7]. This broadens 

the scope of data collection beyond what could be achieved through traditional methods alone. For 

instance, imagine a busy city with millions of commuters. Each of their devices can potentially 

capture data on different routes, traffic patterns, and road conditions. This cumulative effect results 

in a vast and detailed dataset that covers a wide geographical area and diverse road scenarios. 

Secondly, the continuous and simultaneous data collection from multiple sources ensures a 

constant flow of fresh information. This is in contrast to sporadic and limited data collection efforts 

in traditional mapping, which often struggle to keep pace with the rapid changes in the road 

infrastructure. 

Moreover, the use of AI algorithms helps in preprocessing and filtering the collected data to extract 

meaningful and relevant information. This ensures that the large volume of data is manageable and 

useful for map updates. 

2.2.3. Cost-effectiveness 

The implementation of crowdsourcing methods based on AI processing proves to be highly cost-

effective in the realm of map data update for navigation systems. Traditional mapping techniques 

often require dedicated teams of surveyors, expensive equipment, and extensive time for data 

collection and analysis. This incurs significant operational costs and limits the frequency and scope 

of updates [8]. 

In contrast, crowdsourcing leverages the existing infrastructure and devices of users, eliminating 

the need for substantial investments in specialized equipment. Users contribute data using the sensors 

and capabilities of their own smartphones or vehicles, reducing the hardware costs associated with 

data collection. 

The use of AI for data processing and analysis also optimizes the efficiency of the process. 

Automated algorithms can handle large volumes of data at a fraction of the cost compared to manual 
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processing. This not only reduces labor costs but also speeds up the update cycle, allowing for more 

frequent and timely map revisions. 

Additionally, the cost savings can be redirected towards improving the quality and accuracy of the 

map data, further enhancing the performance and value of the navigation system. 

2.2.4. Wide coverage 

The advantage of wide coverage is a notable outcome of employing crowdsourcing methods 

coupled with AI processing in map data update. Traditional mapping efforts typically focus on major 

roads and urban areas, leaving rural and less-traveled routes with less detailed or outdated information. 

However, with the power of crowdsourcing, data can be collected from every corner of the mapped 

area [8]. 

Whether it's a remote mountain road or a seldom-used alley in a small town, the collective efforts 

of a large number of contributors ensure that no area is overlooked. This comprehensive coverage is 

crucial for autonomous driving, as vehicles need accurate and up-to-date information regardless of 

their location. For example, in regions with challenging terrain or areas prone to natural disasters, 

crowdsourced data can provide real-time insights into road conditions that might otherwise go 

unnoticed by traditional mapping methods. This wide coverage also helps in identifying and 

addressing geographical blind spots, improving the overall reliability and usability of the navigation 

system. 

2.2.5. Data accuracy and reliability 

The combination of crowdsourcing and AI processing significantly enhances the accuracy and 

reliability of map data. With a large number of contributors, the likelihood of capturing all possible 

variations and details of the road environment increases. Different users may observe and report the 

same feature from various perspectives, allowing for cross-validation and refinement of the data [5]. 

AI algorithms play a crucial role in cleaning, validating, and correcting the collected data. They 

can identify outliers, eliminate noise, and reconcile conflicting reports to ensure the final data is 

accurate and consistent [9]. 

For instance, if multiple users report a change in a road's alignment or the addition of a new 

landmark, the AI system can verify and confirm this information with a higher degree of confidence. 

Additionally, continuous learning and improvement mechanisms within the AI framework enable the 

system to adapt to new types of data and evolving road conditions, maintaining the integrity and 

reliability of the map over time. 

2.3. Practical Application Cases 

In the field of map data update, Wuhan Zhonghaiting Data Technology Co., Ltd. provides a highly 

representative and academically valuable example. 

Zhonghaiting demonstrated innovative strategies and technological applications in the production 

and update of high-precision maps. In December 2019, it achieved a 30-minute fully automated rapid 

mapping in Lingang, successfully supporting intelligent heavy trucks to complete complex driving 

actions, which initially demonstrated its technical strength. In response to the challenges brought by 

the epidemic, Zhonghaiting skillfully utilized the crowdsourcing mapping technology and developed 

a big data crowdsourcing update technology. Through the crowdsourcing method, it collected a large 

amount of data and obtained road change information using the devices of numerous participants. 

These raw data were deeply analyzed by AI algorithms, such as using pattern recognition and deep 

learning techniques, to accurately identify new constructions and renovations of roads. During the 

data processing stage, Zhonghaiting adopted a strict multi-validation process. By combining various 

reliable data sources such as official geographic information and satellite images, the update results 

analyzed by AI were carefully compared and verified to ensure the accuracy of the map data. 

The company's release of the automated production line HDM4.0 integrating AI technology 

significantly enhanced the efficiency and platform stability of high-precision map production. Its 

series of measures in 2020, such as the experimentation of crowdsourcing mapping, the planning of 
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commercialization, and the data collection and production work arrangements nationwide, fully 

demonstrate the efficiency, accuracy, and strong adaptability of the crowdsourcing method based on 

AI processing in the map data update mechanism. 

2.4. Future Development Directions 

Looking forward, the combination of crowdsourcing and AI processing in map data update is 

poised for significant advancements and holds several promising directions [10]. 

One key aspect is the continuous improvement of AI algorithms. Future developments will likely 

see more sophisticated machine learning and deep learning techniques employed to handle the 

increasingly complex and diverse data collected through crowdsourcing [11]. This will enable more 

accurate identification and interpretation of subtle changes in the road environment, as well as better 

prediction of future map needs. Another important area is the enhancement of data security and 

privacy protection. As the volume and sensitivity of the data increase, ensuring that user-contributed 

information is safeguarded will be of paramount importance [12]. Advanced encryption and 

anonymization methods will need to be developed and implemented to maintain the trust of the 

contributors and comply with strict regulatory requirements. Integration with emerging technologies 

such as 5G and the Internet of Things (IoT) is also expected. Faster data transmission speeds and a 

wider range of connected devices will facilitate real-time and seamless data collection, enabling more 

immediate and comprehensive map updates [13]. Furthermore, the development of standardization 

and quality control mechanisms will be crucial. This includes establishing clear guidelines for data 

collection, processing, and verification to ensure the consistency and reliability of the updated maps 

across different platforms and applications [14]. Finally, the collaboration between different 

stakeholders, including mapping companies, technology providers, governments, and the public, will 

play a vital role [15]. By working together, a more efficient and effective map data update ecosystem 

can be created, ultimately providing better navigation services and contributing to the safe and smooth 

operation of autonomous driving and other location-based applications. 

3. Conclusion 

The crowdsourcing method based on AI processing has indisputably bestowed a multitude of 

advantages upon the map data update mechanism for navigation systems in autonomous driving. 

These benefits encompass high real-time performance, large-scale data collection, notable cost-

effectiveness, high precision and reliability, extensive coverage, and dynamic adaptability. The high 

real-time performance ensures that the map data remains current and relevant, allowing autonomous 

vehicles to make split-second decisions based on the most up-to-date road conditions. The ability to 

collect data on a vast scale offers a comprehensive understanding of the road network, capturing even 

the minutest details and changes. The cost-effectiveness makes it feasible to implement and maintain 

such a system on a wide scale, without incurring exorbitant expenses. The high accuracy and 

reliability of the data guarantee the safety and efficiency of autonomous driving, while the wide 

coverage ensures that no area is left unmapped, regardless of its remoteness or low traffic volume. 

The dynamic adaptability enables the system to respond promptly to unforeseen circumstances and 

evolving road infrastructure. 

However, it is acknowledged that there are certain potential issues associated with this approach. 

For instance, data quality control could pose challenges due to the sheer volume and diversity of the 

crowdsourced data. Privacy concerns might arise regarding the handling of user-generated 

information. Additionally, the integration of multiple data sources and the compatibility of different 

systems could present technical complexities. Nonetheless, through the implementation of effective 

countermeasures and strategies, these potential drawbacks can be mitigated. Stringent data validation 

and verification processes can ensure data quality. Robust privacy protection measures and 

compliance with relevant regulations can address privacy concerns. Standardization efforts and 

seamless integration protocols can overcome technical compatibility issues. 
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As technology continues to advance and its applications expand, there is little doubt that this 

method will assume an increasingly crucial role in the domain of autonomous driving in the future. It 

is expected that the development of autonomous driving technology will be driven towards greater 

safety, efficiency, and intelligence. This advancement is anticipated to transform travel and reshape 

the entire transportation landscape, leading to more sustainable and intelligent mobility solutions. 
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