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Together, we are mapping the future 
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• Timeline of location based applications

Background

(Li, et al., 2021)
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• Evolution of electronic map   
Background

Navigation system
End of the 20st century

ADAS
Early 21st century

Autonomous Vehicle 
from 2012

HD MAPS
High definition map

(accuracy : 0.01-0.2m)

ADAS MAPS
Slop, curvature, gradient, 

traffic signs, speed 
restriction, lane at junction           

(accuracy : 0.2-1m)

Electronic 
navigation map

GNSS, GIS
(accuracy : 5-10m)
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• The requirements of HD maps services

What are HD maps 

 Challenges ahead (Book, 2021)
 Lack of common and standardized 

architecture
 Sensor and map error estimates
 Lack of infrastructure and/or government 

support
 Multi-sensor (fusion) data use and validity 
 Verification and ground truth
 Lack of data sharing
 Data processing along the development chain
 Ground truth/validation of quality/accuracy
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• Accuracy requirements 

What are HD maps 

( Dahlström, 2021)
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What are HD maps 
• Accuracy requirements 

(CAMP, 2004)

 HD  maps absolute accuracy (Localization  
support)

Taiwan: Horizontal: 20 cm, 3D: 30 cm

Japan: Horizontal: 25 cm, 3D: 35cm

Korea: Horizontal: 25cm, 3D: 35cm

 HD maps relative accuracy (Labeling/Perception
support)

Taiwan 1~2 cm (1st class ), 4-10 cm (3rd class)

(1st class PCD) (2.5k-10Kpts/m^2) (Mapping grade)

(3rd class PCD) (0.1K-0.4Kpts/m^2) (Navigation grade)

Japan : 1~5 cm

Others: 1~10 cm
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• Autonomous vehicles and HD maps
Different levels of self-driving have different content and 

accuracy requirements for the map

Who needs HD maps 

Level Title
Map Accuracy of map Typical conditions

Driver scenario

1 (DA) Driver Assistance ADAS map Submeter level Optional

2 (PA) Partial Automation ADAS map Submeter level Optional

Automatic driving system (“system”) scenario ADAS map
+ HD map

Submeter level
Centimeter level

Required 
3 (CA) Conditional Automation

4 (HA) High Automation ADAS map
+ HD map

Submeter level
Centimeter level Required

5 (FA) Full Automation HD map Centimeter level Required
(update automatically)
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Who needs HD maps 
• Autonomous vehicles and HD maps
Different AV technology roadmap

(Heng, 2020)
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• Autonomous vehicles and HD maps

Who needs HD maps 
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Research
and development

Purchase Manufacture Sale OperationAfter-sales 
service

Travel

Autonomous vehicle software
Virtual simulation test software

Core component
(ex: chip, lidar, navigation systems)

Non core component
Integrated automobile

Automobile sales

After-sales service

Cloud service

En-route service
HD map service

The Smiling curve of automobile industry chain 

 En-route service
 HD map service
 Autonomous vehicle software
 Virtual simulation test software
 Cloud service

 Core component (ex: chip, lidar
navigation systems)

 After-sales service
 Automobile sales

 Integrated automobile
 Non core component

Value distribution of automobile industry chain 
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• Do AVs need HD Maps?
 Autoware (Level 4)

Who needs HD maps 

The current Autoware  depends only on LiDAR 
(ndt_matching). Other inputs such as GNSS, CAN, 
and IMU are used to guess initial search position in 
ndt_matching algorithm. It is difficult to scale up 
scenarios which Autoware can drive.
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• Do AVs need HD Maps?
 Apollo (Level 4)

Who needs HD maps 
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• Do AVs need HD Maps?
 Qualcomm (Level 3)

Who needs HD maps 

(Ahuja, 2021)
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• HD maps piloted AVs  from Tier 1 car makers (Level 3) 

Who needs HD maps 

Ride Pilot Honda Sensing Elite

Traffic Jam Pilot Drive PilotCopilot
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• Autoware’ s approach 
Point cloud  layer for localization 
Vector map layer for perception and route 

planning
Asian Vector Map for autoware.ai
 Lanelet2  for autoware.auto (now)
OpenDRIVE for autoware.auto (future)

Recent progress

(Courtesy of Nagoya University )
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• Apollo’s approach 
Recent progress

http://road2ai.info/2018/08/11/Apollo_02/
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• UK’s recommended Geodata (HD Maps)format for autonomous 
driving applications  (Ordnance Survey)

Recent progress 

(Zenzic, 2020)
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• SHOW project (European Union’s Horizon 2020 program)
• 8 test sites in EU join this project

Recent progress 

Site/format Lanelet2 OpenDRIVE Others 

Salzburg o (current) o (current)

Madrid o (current) o (current)

Karlsruhe o (current) o(future support)

Brno o(Apollo) o

Rouen o(Apollo) o

Graz o

Tampere o

Aachen o
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• Digibus® Austria project (AIT funded project )
Austrian flagship project for automated driving 
OpenDRIVE to Lanelet2 conversion   

Recent progress 

(Piarpauer, 2021)
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Recent progress  
• Taiwan HD maps (For level 4 or up )•

(Certified vector maps, SHP)

(Certified point clouds,LAS) Taiwan HD maps
OpenDrive+extension

Map maker
Autonomous vehicles

• OpenDrive
• Variants 

• Autoware

• NDS

• Lanelets
• DMP 

• Others
• Conversion to be 

done by end user  

MOI(Standardization/establishment of base map)
End user  

(Applications )

• Open format
• Common base map
• Local extension
• Interoperability
• Quality assurance 
• Support to end user 

format conversion 
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• Taiwan HD maps alliance 
Recent progress 

Government

Institutions

Geospatial 
industry

Other industry partners
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• Four primary issues to be answered (Book, 2021)
Initial map creation—economics and feasibility of scaling HD map creation 

worldwide
Bend the production curve 
Map change detection and updates—how changes in map content are 

detected and how a map is updated
Map safety levels—how map content is validated in order to contribute to 

system safety 

• Extended issues to be exploited answered (Book, 2021)
Standardization
Cloud and data processing
Privacy and security
Crowd sourcing
Regulatory and infrastructure support

Unsettled issues on HD Maps for AD
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• Production cost comparison  
MOI’s solutions

5K
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Year

Taiwan HD maps service

 HD PCD Map (Standard)
• Mapping grade (2500 pts/m2)
• Navigation grade ( 100-400 pts/m2)

 HD Vector map (Standard)
 OpenDRIVE + Lanelet2 (Standard)
 QA / QC (External)
 Validation (Standard)

Taiwan

2018

Surface road/ 
urban center 

Highway /
Expressway

Foreign HD map service

 HD *.pcd (Optional)
• Navigation grade (100 pts/m2)

 Vector map (Standard)
 OpenDRIVE + Lanelet2 (Optional)
 QA / QC (Internal)
 Validation (Optional)

Foreign service 

>2023
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• Publishing related technical guidelines and standards 
MOI’s solutions

Technical documents Time Activities 

HD Maps Operation Guidelines v2
2019.10.17 Published @ Taiwan Association of Information and 

Communication Standards (TAICS)

Verification and Validation Guideline 
2020.05.22 Reviewed @ (TMC#11, TAICS) 
2020.06.05 Published @  TAICS

HD Maps Data Content and Format Standards 
v1.1

2020.03.16 Published @  TAICS
2020.06.12 Updated and published @ HD Maps Research Center 

Operation and verification Guideline for HD 
maps Updating –Permanent Static Data 

2021.10.21 Published @  TAICS

Standard and test specification for 
Intelligent driving care sensing data format 

2021.10.21 Published @  TAICS
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• MOI’s recommended steps for HD maps production   
MOI’s solutions

Map Maker
Taiwan 

HD map 
Operation  

Guideline v2 

Taiwan 
HD map
standard 

Taiwan 
HD map 

validation 
verification 

Guideline  

Simulator
Autonomous 

vehicle 
Verification   

Publish    

Published @ TACIS

Published @ TACIS

Published @ TACIS

Certified point clouds
(Localization )

Certified vector map layers 
(Routing /Localization/ LBS )

Taiwan HD map
(Routing /Localization)



27

• HD maps verification with simulator or real ADV 

MOI’s solutions
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• Flexible and fresh data acquisition and mapping service 
• Professional MMS for base map and low frequency update 
• 3rd party sourcing for rapid/ near real time map update 

MOI’s solutions

Using conventional MMS
and mapping procedure
to achieve to meet the
highest accuracy
requirements of static
map. It is good for
building the base map for
dynamic map production.

ProfessionalM
M

S

Using of certified low cost
mapping payloads and
following certified
mapping procedure with
3rd party sources. It is good
for dynamic map update.

C
ertified 3

rd
party sourcing

Data Acquisition Standardization 

HD Map making/ QA/QC

Autonomous vehicle

2. LOCATION
ENGINE

perception

Feature
recognition

GPS / INS

1. RECOGNITION ENGINE

3. MOTION ENGINE

Routing

Driving path 
recommendation 

Display of HD 
mapsN

avigation 

AD
ASIS

HD maps
4. 

CONTROL ENGINE

Vehicle System

End Users-Autonomous vehicles

Second-real time 

Minute-Traffic

Month-Static map

Cloud
Calibration 

Tool

Data Collection

Annotation

Data 
Generation

Training

Real-Time 
Simulator

Verification

Automated verification tool
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• 3rd party sourcing map updating- change detection and update  

MOI’s solutions
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• Automated format conversion 

MOI’s solutions
MOI’S Format conversion tool 

Lanelet2 format (display in Autoware)
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• Automated Map Production   
MOI’s solutions

Lidar 

IMU 

Camera 

GNSS 

Odometer 

Manual production
(ArcGIS/QGIS)

Digitizing
modeling
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• Automated map production 

MOI’s solutions
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• Digital twin for AD simulation and future LBS applications 

MOI’s solutions
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• Increasing the scale of HD maps production 

MOI’s solutions

• The total mileage up
to 2022 reaches 200
km

• There are several
level 4 AD services
operating on those
routes
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• Pilot study to build “controlled” HD point cloud map with UAV 
assisted GCPS

MOI’s solutions
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• The concept of 3D common digital map

Concluding remarks 

(Koyoma, 2017)
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• The unified intelligent map content for future smart mobility  

Concluding remarks 

1

Level 0:
影像為主
三維絕對精度約1m
Level 1：
點雲密度:200點/平方公尺(疏化)
三維相對精度:10公分
三維絕對精度:30公分
Level 2：
點雲密度:2,500點/平方公尺
三維相對精度:2公分
三維絕對精度:30公分

ADAS地圖

自駕車用高精地圖

公路巡檢底圖

V2X Map地圖

智慧道路數位圖資

高精地圖

1.點雲
2.向量
3.OpenDRIVE格式(終端車用、數位孿生、多格式轉換中間檔)
4.Lanelet格式 (終端車用)
5.Level 3-Level 5等級自駕車應用

1.點雲
2.向量
3.高精智慧路網

Level 0

點雲密度：
2,500點/平方
公尺以上(收集)
平面絕對精度：
20公分
三維絕對精度：
30公分

Level 2

Level 1

1.影像
2.向量
3. Level 2輔助自駕應用

1.點雲底圖
2.基礎向量圖層

視應用情境決定不同分級
之圖資內容
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• Unified localization engine supported by HD Maps 
Concluding remarks 

INS+GNSS+Stereo camera+HD maps INS+GNSS+Lidar+HD maps 
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• Unified localization engine supported by HD Maps 

Concluding remarks 

INS+GNSS+Radar+HD maps INS+GNSS+Odometer+HD vector map 
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Q & A


