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Motivation and Objectives
Ultimate Objective

Theultimate objective of this dissertation is to developa
complete 3D intraoral scanning system, and a general
purpose computer-aided scanning software for the
analysisof 3Dshapemeasurementsystems.



Motivation and Objectives
Dissertation Goals

× Goals

× Analysis of 3D shape measurement in order to develop an intraoral scanner

× Development of a general purpose computer-aided 3D scanning software

× In order to achieve the goals, the following tasks has been implemented and 
completed:

× Investigate the issues and problems in the development of an intraoral scanner

× Improve the existing method and develop new approaches for acquiring the 
accurate point cloud data

× Develop a real-time virtual 3D scanner in order to analyze different kinds of 3D 
scanning system models and to verify the proposed methods and algorithms

× Develop a SMDFPsystem in order to test and verify the scanning methodology

× Improve the various existing algorithms that involve in the pre and post 
processing



Introduction
What is a 3D Scanner?

A devicethat collectsinformation on the shapeof a real-
world object and convertsit to digital data namedάǇƻƛƴǘ
ŎƭƻǳŘέthat canbe usedto constructa digital 3Dmodel.

3D Scanner Point cloud
Digital 3D 

model
Real-world

Object

?



Introduction
What is Structured Light Technology?

Structured light is the processof projecting a known
pattern of pixels(often gridsor horizontal bars)on to
a scene. (Wikipedia)



Introduction
What is Fringe Projection Technique?

In this technique, the fringe pattern is 
projected onto the object and obtained 
the height of an object from deformed 
fringe image, which is modulated by 
the object surface. 

Increasingly popular for the real-time 
and high resolution applications. 



Introduction
Applications of Structured Light 3D Scanners

×Precision shape measurement for production control (e.g. turbine blades)

×Reverse engineering (obtaining precision CAD data from existing objects)

×Volume measurement (e.g. combustion chamber volume in motors)

×Classification of grinding materials and tools

×Precision structure measurement of grinded surfaces

×Radius determination of cutting tool blades

×Skin surface measurement for cosmetics and medicine

×Body shape measurement

×Wrinkle measurement on cloth and leather

×Forensic science inspections

×Measurement of topography of solar cells

×Road pavement structure and roughness
Source: Wikipedia



Introduction
Why we need an Intraoral Scanner?

Intra Oral Scanning 3D Dental Model

Treatment Planning

Operation Planning

Prosthetic Appliance

Tray Selection Dispensing Materials Setting of Materials Disinfection Shipping

× No need to make a plaster model

× Handy and fast Intraoral Scanner

× Should be small, light, and accurate



Introduction
Existing Intraoral Scanners

Ref: Silvia L., Giordano F., Ari K., Michele C., LapoDΦΣ [ǳŎƛŀƴƻ .ΦΣ ά! /ƻƳǇŀǊŀǘƛǾŜ !ƴŀƭȅǎƛǎ hŦ LƴǘǊŀƻǊŀƭ оŘ 5ƛƎƛǘŀƭ {ŎŀƴƴŜǊǎ CƻǊ wŜǎǘƻǊŀǘƛǾŜ 5ŜƴǘƛǎǘǊȅΣέ ¢ƘŜ LƴǘŜǊƴŜǘ WƻǳǊƴŀƭ ƻŦ Medical Technology, Vol. 5, No. 1, 2011.

Country Intraoral Scanning devices 

USA 4

Israel 2

Germany 2

Italy 1

Denmark 1

South Korea ?

No. Companies

1 CEREC® ςby SironaDental System GMBH (DE) 

2 iTeroςby CADENT LTD (IL) 

3 E4D ςby D4D TECHNOLOGIES, LLC (US) 

4 [ŀǾŀϰ/ΦhΦ{. ςby 3M ESPE(US)

5 IOSFastScanςby IOSTECHNOLOGIES, INC. 
(US) 

6 DENSYS3D ςby DENSYSLTD. (IL) 

7 DPI-3D ςby DIMENSIONAL PHOTONICS INT
ERNATIONAL, INC. (US)

8 3D Progress ςby MHTS.p.A. (IT) and MHT
Optic Research AG (CH)

9 DirectScanςby HINT - ELSGMBH (DE) 

10 Trios ςby 3SHAPE A/S (DK)

Only ten intraoral scanning devices for 
restorative dentistry are available all over 
the world

Only four are 
commercially available



Implementation of Previous Work and Improvements
The Fringe Pattern

A fringe pattern can be considered as a sinusoidal
signalfluctuation in two-dimensionalspace.



Implementation of Previous Work and Improvements
Phase-Shifting Method

The phase-shifting interferometry (PSI)method was
first introducedby Bruninget al in 1974.

Most Common Sources of Errors
× Incorrect phase shift between data frames
× Vibrations
× Sensors non-linearity
× Quantization errors
× Stray reflections
× Intensity fluctuations
× Frequency stability

Basic equation:

There are several methods for  phase 
extraction such as 
2-step, 1+2 step, 
3, 4, 5, step,
сΣ тΣ уΣ Χ step,

CarréAlgorithm for Unknown Phase-
shifts.



Implementation of Previous Work and Improvements
3-Step Phase-Shifting Method

Theminimum numberof patternswill be three.

Three equations:

- ⱫȾ

ⱫȾ

Wrapped Phase Map: 


