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1. Research Overview 

The aim of this research is to invesƟgate an experimental low-cost vision-based navigaƟon system as a 
Mobile-Mapping System (MMS) using current, easily accessible sensorial technologies mixed with AI 
techniques. The project will explore efficient calibraƟon schemes and the integraƟon of sensors like mulƟ-
cameras, LiDAR, GNSS, and IMU. It will also invesƟgate advanced machine learning methods for different 
aspects of data processing, aiming to replace expensive hardware with more cost-effecƟve soluƟons for 
small roboƟc systems while ensuring precision and usability for many civil applicaƟons. 

2. Research ObjecƟves 

The project is divided into three main objecƟves: 

1. ObjecƟve 1 (O1): Build an experimental low-cost vision-based navigaƟon system/MMS. 

2. ObjecƟve 2 (O2): Develop a precise calibraƟon scheme for the proposed system. 

3. ObjecƟve 3 (O3): Ensure the funcƟonality of the MMS through robust data collecƟon, processing, 
and analysis. 

3. Research QuesƟons 

Key research quesƟons include: 

 RQ1: Technological steps for the development of a low-cost roboƟc vision-based navigaƟon 
system. 

 RQ2: EffecƟve methods for the automaƟc calibraƟon of a mulƟ-sensor MMS. 

 RQ3: UƟlizaƟon of state-of-the-art calibraƟon methods in a low-cost MMS. 

 RQ4: OpƟmizing the Ɵe-point matching process between images and LiDAR point clouds. 

 RQ5: Improving LiDAR point cloud quality using AI methods. 

 RQ6: Feasibility of generaƟng reliable terrestrial point clouds from high-resoluƟon mulƟ-camera 
systems. 

 RQ7: Enhancement of point cloud generaƟon using AI-based methods. 

4. Expected Outcomes 

The research aims to produce: 



 A modular low-cost vision-based navigaƟon system design with a reliable calibraƟon scheme. 

 Novel AI-based methods for enhancing point cloud generaƟon. 

 Open-source soŌware and datasets for community use, reducing dependence on expensive 
commercial soluƟons. 

5. Work Plan and Schedule 

The research is structured into five work packages (WPs) spanning five years. Each WP addresses specific 
aspects of the research objecƟves. 

Year 1: FoundaƟon and IniƟal Development 

 WP1: MMS Hardware Design 

o Tasks: Literature review; design of MMS frame; selecƟon of low-cost sensors and 
synchronizaƟon systems. 

o Outputs: State-of-the-art review paper, iniƟal MMS structural plan, iniƟal hardware 
assembly. 

o Milestones: Submission of the first research arƟcle; hiring a PhD student to assist with 
WP1 tasks. 

 WP2: MMS CalibraƟon Setup 

o Tasks: Setup of a mulƟ-camera calibraƟon site; design of coded targets; iniƟal calibraƟon 
of sensors. Designing IMU and GNSS calibraƟon test field, indoor navigaƟon with IMU, etc. 

o Outputs: CalibraƟon site setup, preliminary sensor calibraƟon. 

o Milestones: PublicaƟon of results on roboƟc navigaƟon methodologies. 

Year 2: Prototype Development and IniƟal TesƟng 

 WP3: MulƟ-camera Point Cloud GeneraƟon 

o Tasks: IntegraƟon of mulƟ-camera configuraƟons; iniƟal soŌware development for image 
processing and point cloud generaƟon; invesƟgate configuraƟons that eliminate or reduce 
the need for LiDAR. AlternaƟvely, the LiDAR could be used in an cost efficient 
configuraƟon. 

o Outputs: IniƟal point cloud generaƟon methods, first dataset collecƟon campaign. 

o Milestones: PublicaƟon on point cloud generaƟon methods; course on 3D Vision. 

Year 3: Refinement and Advanced Data CollecƟon 

 WP3 (ConƟnued): OpƟmizaƟon and Debugging 

o Tasks: Debugging and opƟmizaƟon of the iniƟal MMS design; incorporaƟon of addiƟonal 
sensors and advanced data processing methods; update heurisƟc methods. 



o Outputs: Improved MMS design, second dataset collecƟon campaign in Finland and 
abroad. 

o Milestones: High-quality journal publicaƟons on opƟmized designs and data processing 
techniques. 

 WP4: Data CollecƟon Campaigns 

o Tasks: Plan and execute extensive data collecƟon campaigns under different condiƟons; 
process and anonymize datasets; build large-scale datasets for training machine learning 
models. 

o Outputs: High-quality training and test datasets. 

o Milestones: Submission of datasets for open access; publicaƟon of research on mulƟ-
sensor data collecƟon methodologies. 

Year 4: AI IntegraƟon and Full System TesƟng 

 WP3 & WP4 (ConƟnued): Machine Learning IntegraƟon 

o Tasks: Development and integraƟon of AI methods for enhancing calibraƟon, point cloud 
generaƟon, and Ɵe-point matching; tesƟng of AI-driven methods for data processing. 

o Outputs: AI models for point cloud generaƟon, enhanced calibraƟon methods. 

o Milestones: PublicaƟon on AI-enhanced MMS calibraƟon and data processing; open-
source code release. 

Year 5: FinalizaƟon and Knowledge Transfer 

 WP5: Managing Research and DisseminaƟon 

o Tasks: Supervise and synchronize all WPs; finalize MMS design and calibraƟon soŌware; 
conduct demonstraƟons and workshops with civil partners. 

o Outputs: Final MMS prototype, comprehensive documentaƟon and soŌware; potenƟal 
applicaƟons in real-world scenarios. 

o Milestones: Final reports, open-source soŌware release, final workshop/conference 
presentaƟons. 

6. Research Environment and CollaboraƟon 

 The research will be conducted in collaboraƟon with the Finnish GeospaƟal Research InsƟtute 
(FGI) and other naƟonal and internaƟonal partners. 

 CollaboraƟon will be sought for specialized equipment and cross-validaƟon of data and methods. 

 The research environment will leverage the compuƟng resources at the University of Tampere, 
and data will be stored on secure servers with appropriate data protecƟon measures. 

7. Risk Assessment and MiƟgaƟon Strategies 



Key risks include sensor synchronizaƟon issues, data protecƟon challenges, and performance of the image-
point cloud registraƟon methods. MiƟgaƟon strategies: 

 Sensor SynchronizaƟon: Use GNSS Ɵme stamps (PPS) for precise synchronizaƟon or model Ɵme 
shiŌs dynamically. 

 Data ProtecƟon: Anonymize data using AI-based methods and follow strict data handling 
protocols. 

 Image-Point Cloud RegistraƟon: Develop robust AI-based or heurisƟc methods and consider 
specialized targets if necessary. 

8. Personnel and Key Roles 

 Dr. Ehsan Khoramshahi (PI): Overseeing all aspects of the research, especially MMS design and 
calibraƟon methodologies. 

 PhD Student: AssisƟng with WP1 design, data collecƟon, and AI integraƟon tasks. 

 Collaborators: Providing domain-specific experƟse, equipment, and soŌware validaƟon. 

9. Conclusion 

The proposed research plan offers a structured approach to developing an affordable, modular vision-
based navigaƟon system for a small robot with efficient calibraƟon and data processing capabiliƟes. The 
combinaƟon of open-source tools, advanced machine learning methods, and collaboraƟve efforts aims to 
produce a significant impact on both the scienƟfic community and pracƟcal civil applicaƟons. 

 


