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Pre-introduction – Human Body 3D Scanning

Examples of application of 3D human body scanning
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1. Introduction – What is 3D?

Two dimensional

yz

x

y

2D displays
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Three dimensional

“2.5D”
x

x

y

z

“3D displays”

Volumetric displays



1. Introduction – Stereo vision, Triangulation

Stereo vision

depth

Our brain interprets disparity into depth 

Triangulation

�

Used in the majority of
3D measurement systems 
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1. Introduction – Triangulation

Active triangulation

Same principle
Instead of two images, one image and one “projector” (e.g. laser)
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imagelaser

base
image image

c



Techniques for optical 3D measurement (not all)

Range Micro [mm-cm] Close [cm-10m] Mid [100m] Large [km] Remote [100km]

Time-of-light TLS pulse ALS

Phase-shift Interferometer 3D-CMOS-cam TLS SAR

Triangulation Stereo microscope Photogrammetry
Fringe projection
Laser scanning
Visual hull
Shape-from-shadow

Terrestrial photogr.
UAV photogr.

Aerial photogr. Photogr. satellite

1. Introduction – Optical 3D measurement
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object

lens

sensor

laser

�ü z

�ü d

Distance = f (�ü t)

Time-of-light

10m = 60ns

Phase-shift

Range: 200m – 5km
Precision: 1cm@1km

5mm@200m

Triangulation

Distance = f (�ü ph)

Distance = f (�ü d)
Range: micro-remote

emitted
modulated 
signal

reflected
signal

�ü ph

Range: 20m – 100m
Precision: 1mm@20m



CT 900 Callidus
3-axis sensor mov.

1. Introduction – 3D scanning

object

lens

sensor

laser

�ü z

�ü d

Simple triangulation measure a single distance

Scanning techniques

3D measurement of complete surfaces by “SCANNING”

Single point scanning
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3-axis sensor mov.
and rot. platformSingle point scanning

scan the surface point-by-point

Profile scanning
scan the surface by profiles

Area scanning
scan the surface in one step

ATOS III  GOM 
fringe projection

ScanArm FARO
laser profiler on
mechanical arm
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2. Human body 3D measurement – The past

Photogrammetry Antrhopometry Motion capture
1851 1st photogrammetric device
Aimé Laussedat (F)

1858 photogrammetric methods
Albrecht Meydenbauer (D)

1882 photogrammetric recording
Frech dome in Belrin (D)

1893 Identification anthropométrique
Alphone Bertillon (F)
Systematic recording of 11 measures

1882 “ChronoPhotographic gun”
12 frames per second
Étienne-Jules Marey (F)

1894 Publication “Le Mouvement”
Human locomotion study
Étienne-Jules Marey (F)

1883 Introduction of “Bertillonage”
Recording of anthropometric data
Alphonse Bertillon (F)
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1901 1st stereo-comparator
Dr. Carl Pulfrich (D)

1896 1st stereo-plotter
Eduard Deville (CA)

Systematic recording of 11 measures

1910 introduction of “Head-Measurer"
designed for anthropological research 



2. Human body 3D measurement – Development
Historical notes on human body 3D scanning

1985  Patent filed for 3D surface digitizer by laser beam
Cyberware Inc. (USA)

1989 Face scanning for  “The Abyss”
Cyberware Inc. (USA)

1989 1st full body scanning system
The Loughborough anthropometric shadow scanner (LASS)
University of Loughborough (UK)
Curve fitting (shaphe-from-shadow) at distinct locations
Application: anthropometric surveys

1970 Shadow Moiree topography
Application for human body
Takasaki (JP)
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Application: anthropometric surveys

1995 1st 3D color full body scanner
Capable of capturing shape and color in one pass
Cyberware Inc. (USA)
Application: US Air Force, for uniform fitting

1998 1st 3D full body scanner for clothing industry
TC2 (USA)

1996 3D full body scanner
TriFrom System, fringe technique
Wicks&Wilson (UK)
Application: shape tracking, health clubs

1995 3D full body scanner
SYMCAD, fringe technique
Telmat Industry (F)
Application: French navy, uniform fit

1995 3D full body scanner
VITUS Pro, laser scanning
Vitronic (D)

2005 1st Millimeter wave scanner
Scanning without undressing
Intellifit (USA)



Full body

Face

Half body

Back

Chest

What can be measured

2. Human body 3D measurement – Body parts
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Foot

Skin

Legs

Arms

Hands

Body parts



Animation

Computer games

Ergonomics

Medicine / Forensic

Art / Sculpture

For which purpose

2. Human body 3D measurement – Applications
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Anthropometry

Cosmetics / Dermatology

Biometry / Security

Fitness / Sport

Appeal / Fashion / Beauty

Communications



Issues to be considered by human body scanning
Subject to be 3D scanned is a person!

Physical limits

2. Human body 3D measurement – Person

Comfort by the
scanning process

stature size weight

posture by scanning scanning time environment

Practical problems movements breathing hairs eyes
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scanning process
posture by scanning scanning time environment

Acceptance of the
scanning technology

non-harmful eye safe

Private data visibility data storage on-line

Psychological problems “3D shock” nudity non-medical



active

White light scanning

active

Laser Scanning

2. Human body 3D measurement – Technologies
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passive

Photogrammetry /
Visual hull / Silhouette

Others active / contact



Where are the systems produced/developed

2. Human body 3D measurement – OEMs
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Laser scanning

White light scanning

Other methods

Europe 12

Asia 7

N. America 12

31

5

12

11

1

7

54

13

31

31 48 19 98

2. Human body 3D measurement – OEMs
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Method:

Laser stripe projected onto the human body

Light sensor acquire the scene

Triangulation: distance projected line - sensor

To scan surface parts: displacement of line
laser sensor

b

2. Systems – Laser scanners
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Laser scanning system:

Laser beam

Optics

Light sensor

Displacement mechanism:
optical, electromechanical, mechanical, free

a
d

Scanning head



Head scanner (Cyberware Inc.)
1 scanner unit moves horizontally around a person

Full body scanner (VITRONIC GmbH)
4 scanner units moves vertically along 4 pillars

2. Systems – Laser scanners examples
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Foot scanner (Vorum Research Corp.)
3 scanner units moves horizontally along the foot



3 scanner units moves vertically along 3 pillars

Total scanning time: ~ 12 seconds

Full body scanner Vitus LC (VITRONIC GmbH)

2. Systems – Laser scanners examples
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Head scanner 3030RGB/PS (Cyberware Inc.)

1 scanner unit moves horizontally in circle around a person

Total scanning time: ~ 17 seconds

2. Systems – Laser scanners examples
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Foot scanner YETI (Vorum Research Corp.)

3 scanner units moves horizontally along the foot

Total scanning time: ~ 4 seconds

2. Systems – Laser scanners examples
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video



Method:

Coded light projected onto the human body

Camera(s) acquire the scene

Triangulation: distance projected lines - sensor

Coding system to determine position of source:

binary code, vertical, horizontal, 

2. Systems – White light scanners
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color code, squared, dotted pattern …
projector camera

b

a
d



Fullbody Scanner (InSpeck Inc.)
6 scanning units in 3 pillars

Face scanner (Breuckman GmbH)

1 projector and 2 cameras

2. Systems – White light scanners examples
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1 projector and 2 cameras

Intraoral scanner (Cadent Inc.)
Hand-held scanner unit: projector and camera



Fullbody Scanner Mega 3P (InSpeck Inc.)

3 pillars placed around a person

Each pillar has 2 sensor units: projector and camera

Total scanning time: ~ 4 seconds

camera

2. Systems – White light scanners examples
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projector



1 projector and 2 cameras

2 independent acquisitions

Total scanning time: ~ 1 second

Face scanner faceSCAN-II (Breuckmann GmbH)

camera

camera

projector

2. Systems – White light scanners examples
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2. Systems – White light scanners examples

Intra-oral scanner iTERO (Cadent Inc.)

1 hand-held units: projector and camera

Multiple acquisitions required

Total scanning time: 3-5 minutes for entire mouth
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Method:

Multiple cameras acquire the scene

Corresponding points are determined

Triangulation: distance points - sensor

2. Systems – Passive photogrammetry
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camera camera

d

b

a



2. Systems – Passive photogrammetry example

Face scanner Contour (MOVA Ltd.)

2-256 cameras and synchronized illumination

Phosphorescent make-up required

Synchronized switching on-off of illumination

In the dark, face feature random texture

Matching – triangulation - surface model - texture
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Lights off Lights on

video



Full Body Scanner Intellifit System (Intellifit Corp.)

Person step inside the cabin without undressing

“L” shaped mm-waves transceiver swings around the person

Non-harmful radiation penetrates clothing and reflects off the body
The reflected signal are recorded by the transceiver and analyzed

200,000 points of body surface measured

Body sizes extracted automatically, accuracy: 6mm

2. Systems – Millimeter-wave radar
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Body sizes extracted automatically, accuracy: 6mm

video



2. Systems – Contact measurement

Foot sole scanner Amfit Digitizer (Amfit Inc.)

Touch probe matrix: 500 touching elements

Measure in 3D the foot sole
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Forensic medicine

3. Applications - Medicine

Plastic surgery
Face measurement
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Forensic medicine
Full body, details measurement

Orthopedic
Foot plantar measurement



Surgical simulation

3. Applications – Medicine – Plastic surgery

Face measurement – Canfield Scientific Inc. (USA)

3D measurement of face with high quality texture

Acquisition method: white light scanning (random pattern)

Application: simulation of surgical intervention
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Virtual autopsy
Institute of Forensic Medicine, University of Bern

Documentation of internal and external body morphology

CT and MRI for internal body structures

3D scanning for external surface – GOM GmbH (D)

Application: analysis and study of injuries to determine causes

3. Applications – Medicine – Forensics

Acquisition method: white light scanning (2 cameras, 1 projector)
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3D model of vehicle and injured pedestrianCT and 3D scanner (arrow)



Orthopedics
Foot plantar scanning – PedCAD Orthopaediepdorukte GmbH (D)

3D measurement of the plantar of foot

Application: production of customized orthopedic foot soles

3. Applications – Medicine – Orthopedics

Acquisition method: white light scanning (1 camera, 1 projector)
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Virtual-try-on
3D virtual garments simulation

Size surveying
Statistical information on human body sizes

3. Applications – Fashion, apparel
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Statistical information on human body sizes

Made-to-measure
Tailoring with new digital tools



1. Full body scan

2. Cloth definition (CAD)

3. Stitching

Process

3. Applications – Fashion – Virtual-try-on
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6. Virtual fashion show

5. Definition of motion/MOCAP

4. Cloth simulation

Video:
Digital fashion ltd.

Images:
Assyst-Bullmer



3D full body scanning of >10’000 persons
(standard, standing, sitting positions)

USA, UK, Germany, France, China, Brazil, …

Extended measurement campaigns

Additional: measurement of hand and foot

Extraction of body sizes (ISO7250)

Records of ethnical/social information

3. Applications – Fashion – Size surveying
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Statistical information

Applications

Real shapes of virtual dummies
and anthropometric mannequins

Update of sizing tables

Records of ethnical/social information

New European norm: EN-13402

Images:
CAD Modelling Erg.



1. Full body scanning
and body size extraction

2. Selection of garment options

From body scanning to customized garment

3. Applications – Fashion – Made-to-measure
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3. Automatic definition of cutting patterns

4. Automated garment production

5. Garanteed perfect fit

Images: Human Solutions



Made-to-measure jeans – Bodymetrics Ltd. (started in 2004)

3. Applications – Fashion – Made-to-measure
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Acquisition method: White light scanning (fringe) – TC2 Corp.

video



Virtual-Make-Over
3D virtual eyewear and hairdressing simulation

Art & Sculpture
Reproduction of person, Art installations

3. Applications – Others
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Reproduction of person, Art installations

Security
Biometric systems



Head scanning

Accessories 3D

Virtual-make-over

Eyewear (3DiView)

Virtual-make-over

Hairdressing (Stellure)

3. Applications – Virtual-make-over
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Hairdressing (Stellure)

Head scanning

Haircut 3D modeling

Haircut visualization



Jurisprudent of Helmick and Schechter (East St. Luis, IL, USA)

3D engraving in crystal

3D scanning (full body, face)

Reproduction of humans

3D printing

Sculptures

- colored

3. Applications – Art & sculptures
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3D laser scanning of 12 human faces

3000 3D copies of them, suspended to form two facing heads

Jurisprudent at the Melvin Price Federal Courthouse in East St. Louis (IL, USA)



Recognition of stored 3D features

3D face scanner: fringe projection (IR) – BioScript Inc. (USA)

Biometric access point with 3D face recognition system 

3. Applications – Security – Biometric Systems
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Recognition of stored 3D body features

3D dynamic body scanner – Artec Group (USA)
ultra-fast fringe projection, 2 units (2 cameras, 1 projector)

Biometric access point with 3D full body recognition system 

video
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Possible applications of 3D human body scanning

4. Applications for Essilor

3D measurement systems already in use (but not 3D human body)

Specular surface measurement

CMM for lens inspection and
for frame measurement
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Ergonomics, posture analysis

3D face scanning for customization

3D scanning of eyes

Surveying studies
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5. The future
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3D scanning for everybody

4D scanning

3D visualization



4D scanning / dynamic 3D scanning

3D scanning for everybody

5. The future

Example: Live Scanning, XYZRGB Inc. (CA)

Full automatic
easy as taking a picture

Full frame 3D dynamic surface scanning

Three tendencies that soon will become standard

video
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3D visualization

easy as taking a picture
inexpensive

Affordable 3D monitors
Volumetric 3D displays
Holographic projections

Example: 3D Foto-Booth, InSpeck Inc. (CA)
video

video
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Full body 3D scanning in your bathroom

6. Discussion

Let me conclude with an interesting video
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Time for questions ??

video
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7. Demonstrations

3D Ouest – 3D full body scanner

Creaform – 3D hand-held scanner

EOTech – 3D face&skin scanner
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