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Department: Engineering Geodesy and Geoinformatics (GTU)
	General Information

	University
	Georgian Technical University (GTU)

	Course title
	3D Laser Scanning Hardware and Software

	Course/Module code
	PHS41603G2-LBR (this course is part of syllabus entitled "Modern Geodetic Systems" under GTU accreditation)

	Course type
	Compulsory

	Year of Study
	From 2019

	Term/Semester
	1 Semester

	Credits awarded
	5-ECTS

	Degree
	Bachelor’s (for students of Engineering Geodesy and Geoinformatics Department)
Master’s for advanced interdisciplinary study programs, whose specialty is directly related to knowledge of 3D laser scanning at professional level, such as architecture, geology, cultural heritage, archaeology, etc. 

	Enrolment status
	Full Time

	Entry requirements
	ICT proficiency, basic experience with geodetic equipment, their applications, some Geoinformatics & CAD skills.


	Lecturer’s details

	3D Laser Scanning Hardware

	Name, surname
	Giorgi Chiaureli

	Academic title
	Associate Professor, PhD

	Contact details 
	g.chiaureli@gmail.com, +995 599 038 037

	Office hours and consultation schedule
	Every day from 13.00 to 15.00 at Georgian Technical University, Building III, Room 238. Every day by e-mail.

	3D Laser Scanning Software

	Name, surname
	Diana Botkoveli

	Academic title
	Visiting  Associate  Professor

	Contact details 
	diana.botkoveli@gmail.com, +995 593 603 712

	Office hours and consultation schedule
	Every Friday from 13.00 to 15.00 at Georgian Technical University, Building III, Room 236. Every day by e-mail.


	Course Structure

	Course Aim and Objectives
	Course aim: There is increasing need in existing and emerging sectoral disciplines to apply modern 3 dimensional modelling instruments and tools, for visualisation and precision measurements. Such disciplines include above- and underground cultural heritage documentation, urban surveys and civil engineering, architecture, mine surveying, forest inventories and many other fields of application. The course aims to introduce students with an opportunity to get acquainted with 3D Laser Scanning instruments and related software providing effective opportunities for such applications.

Objectives are to comprehensively introduce students into: 

· 3D laser scanning hardware, equipment operating principles and necessary accessories
· Software tools and routines for import and pre-processing of captured raw point-cloud data
· Specialised processing of 3D visualisations, such as cultural heritage, as-built measurements and alike
· Range of other software tools for photogrammetric visualisations

	Short Description
	The course introduces Geodesy and Geoinformatics speciality as well as interdisciplinary students into the modern 3D laser scanning instrumentation and geospatial software with applications in various field such as architecture, cultural heritage, archaeology, forestry and others. Specifically, this course will expose students to professional 3D laser scanning equipment and its use for the precise measurements and facility documentation. Course includes lectures in hardware and software of laser scanning, field work to collect precise point could measurements data for a cultural heritage facility and processing of field data back in the class to generate precise photogrammetric model of the heritage site, as an example of application. These instruments and processing skills can also be applied in any other sectoral fields in need of 3D visualisation and photogrammetry, such as urban structures, forestry, geology, etc.

	Module/Topic
	Learning Outcomes
	Teaching Method
	Assignments and Literature
	Form of Assessment

	1.1 Introducing basic principles of 3D and Terrestrial Laser Scanning – laser scanning principles, equipment and systems, data acquisition and data processing techniques, data organization, etc.
(3 academic hours)
	K1, A1
	Lectures
 introducing the principles of 3D laser scanning hardware.
	Assignments: Not applicable.
Literature: 
Teaching PowerPoints, videos. Further reading of textbooks on terrestrial laser scanning principles and processing.
	Attendance of all lecture sessions.
Open question and answer sessions.



	1.2 Explaining 3D lasers scanner equipment (FARO FocusS 150) and accessories – 3D Laser Scanner set and its carry case, battery and charger, ac power, tripod set-up, scanner mounting, powering on/off, registration spheres and targets. Scan parameters and profiles (setting resolution, quality, range, sensors, colours, scan duration and size), scan start & stop, organising scan data files. Health & safety induction in laser scanning and outdoor geodetic measurements.
(6 academic hours)
	K1, A1
	Lectures and practical
 hands-on sessions in the use of 3D laser scanner and its accessories.

	Assignments: Setting up and hands-on session in using the laser scanner and its various components and accessories.
Literature: 
Teaching PowerPoints, videos. 

3D laser scanning hardware specifications & documentation (FARO FocusS 150 User Manual).
	Attendance of all lecture and practical sessions.

Open question and answer sessions.
Hands-on exercise.

	1.3 Preparatory arrangements, organising and conducting 3D Laser Scanning field campaign – Planning logistics and site access. Transporting personnel & equipment. Health & safety on-site tool-box talk for laser scanning and outdoor work. Deploying scan equipment, accessories. Setting up the site with scanner and registration kits. Field measurements and quality checks, data collection and storage.
(12 academic hours)
	K1, K2, K4, S1, S1
	Lectures and practical field work preparatory sessions in the use of 3D laser scanning hardware and point cloud software. Joint field work to generate 3D laser scanning data (cultural heritage object).
	Assignments: Field work session.
Literature: 

Teaching PowerPoints, videos. 

Filed work instructions.

3D laser scanning hardware documentation (FARO FocusS 150 User Manual).
	Attendance of all lecture, practical and filed work sessions.

Open question and answer sessions.

Hands-on and field work exercises.

Review and rating of filed work participation and completion of tasks and instructions by students.

	1.4 3D laser scanning point cloud data import and pre-processing – Point cloud data import and pre-processing with specialised software. Project set-up, quality checks and data preparation for further precision processing.
(3 academic hours)


	K1, K3, K4, S1, S2, A1, A2, A4
	Lectures and practical sessions in the use of 3D laser scanning software. 3D Laser Scanning data import in the class to set-up cloud point project
 ready for processing.
	Assignments: 3D laser scanning data import and cloud point project setup.
Literature: 

Teaching PowerPoints, videos.
Sample point cloud field data.

3D laser scanning hardware and software specifications & documentation (FARO FocusS 150 and SCENE user manuals).
	Attendance of all lecture, practical and project set-up sessions.

Open question and answer sessions.

Hands-on class work data import exercise.

Review and rating of field data import tasks by students.

	1.5 Introducing basic principles of 3D Geovisualisation and Photogrammetry.
(3 academic hours)
	K2
	Lectures introducing the principles of 3D Geovisualisation and Photogrammetry and basic characterisation of various software instruments.
	Assignments: Not applicable.

Literature: 

Teaching PowerPoints, videos. Further reading of textbooks on terrestrial laser scanning principles and processing. 
	Attendance of all lecture sessions.

Open question and answer sessions.



	1.6 Point Cloud processing methods and software functionalities (SCENE) – Point cloud project, data setup, compensation and transfer, scan processing and registration, 3D surfaces rendering and meshing, automatic HDR image mapping, CAD export and data exchange.

(8 academic hours)
	K2, K4, A2
	Lectures on the various functionalities of the 3D laser scanning point cloud processing software.
	Assignments: Not applicable.
Literature: 

Teaching PowerPoints, videos. 

Point cloud processing software documentation (FARO SCENE User Manual). 
Further reading of textbooks on terrestrial laser scanning principles and processing.
	Attendance of all lecture sessions.

Open question and answer sessions.

	1.7 Practical sessions on Point Cloud processing of field data example for a cultural heritage object.

(4 academic hours)
	K4, S2, A2
	Lectures and practical field data import and processing sessions in the use of 3D laser scanning point cloud software. Set-up and full processing of cloud point projects and CAD transfer for 3D Geovisualisation and Photogrammetry.
	Assignments: Data processing project practical session.
Literature: 

Teaching PowerPoints, videos. 

Field measured laser scanning point cloud data sets (exercise on sample field data files for above ground cultural heritage, processing instructions, processed data)

3D laser scanning hardware documentation (FARO SCENE User Manual).
	Attendance of all lecture, practical and project work sessions.

Open question and answer sessions.

Hands-on point cloud data processing project exercises.

Review and rating of individual point cloud project completion and results obtained by students.

	1.8 3D Geovisualisation and Photogrammetry methods & software functionalities (PointSense Heritage) – import point cloud and photos into CAD, planar views, clipping and slicing, unwrapping, construction of 3D models, classical photogrammetry, creation of orthophoto, modelling and analysing surfaces and volumes. 

(8 academic hours)
	K2, K5, A3
	Lectures on the 3D Geovisualisation and Photogrammetry methods and basic functionalities of CAD-integrated software modules.
	Assignments: Not applicable.
Literature: 

Teaching PowerPoints, videos.
Point cloud processing software documentation (FARO PointSence Heritage Manual). 

Further reading of textbooks on terrestrial laser scanning principles and processing.
	Attendance of all lecture sessions.

Open question and answer sessions.

	1.9 Practical sessions on application of 3D Geovisualisation and Photogrammetry of field data example for a cultural heritage object.
(4 academic hours)


	K2, K5, S3, A4
	Lectures and practical 3D Geovisualisation and Photogrammetry sessions applying field data examples by setting-up 3D model processing projects and obtaining precision results in CAD-environment.
	Assignments: Data processing project practical session.
Literature: 

Teaching PowerPoints, videos. Laser scanning data point cloud projects ready for 3D modelling (exercise sample data files for above ground cultural heritage, processing instructions, processed project data).

Point cloud processing software documentation (FARO PointSence Heritage Manual).
	Attendance of all lecture, practical and project work sessions.

3D Geovisualisation and Photogrammetry hands-on project exercises.

Review and rating of 3D geovisualisation and photogrammetry project completion and results obtained by students.

	Teaching and Assessment Requirements
	Students are expected to attend all class sessions as listed on the course calendar and tests. All students need to have very active participation in assignments given during the classroom hours and for homework. 
Grading system is based on a 100-point scale.

Positive grades:

· (A) – Excellent – the rating of 91-100 points;

· (B) – Very good – the rating of 81-90 points

· (C) – Good – the rating of 71-80 points

· (D) – Satisfactory – the rating of 61-70 points

· (E) – Enough – the rating of 51-60 points

Negative grades:

· (FX) – Did not pass – 41-50 points of rating, which means that the student needs more work to pass and is given the right to take the exam once more with independent work;

· (F) – Failed – 40 points and less, which means that the work carried out by the student is not enough and he/she has to learn the subject from the beginning.

Assignments: The student should prepare the home assignment independently and hand it in an electronic form. Maximum evaluation grade of home assignment equals to 10 points, evaluated according to following criteria:

9-10 points – the assignment is complete. It is perfectly executed. The work is excellently done. 

7-8 points – as for its execution, the work is complete. The student has a good knowledge of the given material, but the execution technique should be improved. 

4-6 points – as for its execution, the assignment is incomplete.
1-3 points – as for its execution, the work has some defects. Only separate fragments are done.
0 points – the student failed to fulfil the assignment.

Assignments are concerned with the following data generation and processing projects:
1. Participating and successfully completing all tasks during the 3D laser scanning field work

2. Completion of the point cloud processing project of the laser scanning data obtained in the field
3. Completion of the 3D Geovisualisation and Photogrammetry project for point cloud field data example

	Resources 
	Computer Remote Sensing and 3D Laser Scanning Class and with projecting screen for lecturer. 3D Laser Scanner (full set, 1 unit, FARO Focus S 150). Point Could (FARO SCENE) and 3D Visualisation and Photogrammetry Software (PointSence Heritage). Example datasets. Arrangements for field work.

	

	Learning Outcomes

	Knowledge
	Students would be introduced to state of the art geospatial equipment (such as 3D laser scanner) and software tools (such as point could processing, geovisualisation) in support of cultural heritage as well as other sectors to:
K1 – Demonstrate acquaintance with basic principles of Terrestrial Laser Scanning
K2 – Demonstrate acquaintance with basic principles of 3D Geovisualisation and Photogrammetry

K3 – Demonstrate basic knowledge of point cloud processing and field data import
K4 – Demonstrate basic mastery in application of laser scanning point cloud data processing software
K5 – Demonstrate basic mastery in application of 3D geovisualisation and photogrammetry software 

	Skills
	Based on the obtained knowledge, the student is to be able to understand novel geospatial technologies, such as laser scanning, point could processing and 3D geovisualisation and be exposed to basic knowledge how to use these instruments in sectoral applications such as cultural heritage and other sectors, developing ability to:

S1 – Apply obtained knowledge of laser scanning measurements in practical projects
S2 – Apply obtained knowledge of point could processing in practical projects
S3 – Apply obtained knowledge of 3D geovisualisation and photogrammetry in practical projects

	Attitudes
	Course allows professional and sectoral students to independently pursue further self-development of acquired skills, as well as capabilities to apply modern laser scanning instruments and software in their professional carries with individual attitudes to:

A1 – Use various information resources to deepen the knowledge in laser scanning equipment application
A2 – Use various information resources to deepen the knowledge in laser scanning point cloud processing
A3 – Use various information resources to deepen the knowledge 3D geovisualisation and photogrammetry
A4 – Express a desire of sustaining application of laser scanning to 3D geovisualisation and photogrammetry


Literature
Required reading:

[1] FARO FocusS 150 Laser Scanner User Manual, 2017.
[2] FARO SCENE User Manual, 2017.
[3] FARO PointSence Heritage Manual, 2017.
Further reading:

[4] Jie Shan and Charles K. Toth (2009). Topographic Laser Ranging and Scanning Principles and Processing. CRC Press 2009, Print ISBN: 978-1-4200-5142-1, eBook ISBN: 978-1-4200-5143-8. 
� The Lecture is a creative process in which the lector and the student are participating simultaneously. The main goal of the lecture is to understand the idea of the provisions of the subject to be studied, which implies the creative and active perception of the presented material. In addition, attention should be paid to the basic provisions of the material, definitions, marks and assumptions. Critical analysis of key issues, facts and ideas are needed. The lecture should provide scientific and logically consistent understanding of the basic provisions of the subject without overloading the details. Therefore, it must be logically completed. In addition, facts, examples, charts, drawings, experiments, and other visuals should serve to explain the idea of the lecture.


� Practice (learning and work) helps the student to enhance and strengthen the obtained knowledge. It develops the ability to use knowledge in practice, using the methods that are used to study the subject to solve problems. It combines all the methods of learning that help the student to develop practical skills. In this case, on the basis of the acquired knowledge the student independently performs a certain action, such as pedagogical practice, field work, etc.


� Coursework/project is a creative process. Every new building, machine, instrument, automatic device, etc. is created according to the project. The design process is a combination of theory and practice. In the course of the study, the student performs graphic assignments and course projects, which are actually the student’s first independent work, which is carried out under the leadership of the pedagogue.
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