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Abstract

Three-dimensional (3D) measuring system, which is comprised of a digital camera
having two sets of lenses-sensors and the application for the 3D image analysis, has
been recently developed to measure distances in remote locations. Similar to a compact
digital camera, this system is portable and can easily photograph objects. To apply this
system to facial measurement, the following were investigated.

Reference points were plotted on a stone facial model and measured on the 3D dataset

built from various measurement distances. Each value was compared to the actual

value surveyed on the model for evaluating an accuracy of the measurement.

A pair of stereo images of a stone facial model and a wax facial prosthesis was

photographed using a general-purpose digital camera. Then, a 3D point cloud dataset of

the object was constructed using space measurement software. Each dataset built from
different conditions was compared for determining the effect of the conditions.

A 3D point cloud dataset of a stone facial model was built by method above mentioned. A

noise removing procedure using the down sampling of digital color information allowed

for data smoothing. Results were as follows:

1) There is no correlation between the measurement distance and relative error. The
highest precision of the measurement was achieved at a 60cm measurement
distance. The relative error was 1.30%.

2) Capacity for building the point cloud dataset was affected by image projections on the
objects and lens position. The longer measurement distance tends to relieve
distortions on the surface.

3) In addition to the effect of normal down sampling, the correction with light intensity
detection allowed to detect more microstructures. It is considered that light intensity
is related to the actual irregularity of objects. The correction using color information

to lessen noise on a point group may be valid for facial measurements.

Key words: facial impression, digital technology, 3D scanner, stereo camera
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Footnote
AOC: Ambient Occlusion Cancelling
CAD/CAM: Computer Assisted Designing and Manufacturing
CCD: Charge-Coupled Device
CCI: Correction using Color Information
CSV: Comma Separated Value
CT: Computed Tomography
DS: Down Sampling
IP: Image Projection
ISO: International Organization for Standardization
JPEG: Joint Photographic Experts Group
LP: Lens Position
MPO: Multi Picture Format
MRI: Magnetic Resonance Imaging
QOL: Quality of Life
RAW: raw
RGB: Red-Green-Blue
RP: Rapid Prototyping
SAD: Sum of Absolute Difference
SD: Shooting Distance
STL: Standard Triangulated Language (Stereo Lithography)

3D: Three Dimensional



Fig 1

Fig 2

Fig 3

Fig 4

Fig 5

Fig 6

Fig 7

Fig 8

Fig 9

Fig 10

Fig 11

Fig 12

Fig 13

Figure legends

Front view of the commercially available digital stereo camera. The double-head

arrow shows a distance of central axis of two lenses.

Measurement setting of image projection. The projector was set at 45 degrees to

the camera-object line.
Images projected onto the object. Left: Color. Right: Monochrome.
Correction of CSV dataset considering defects of measured value
Surface comparison between CSV dataset and corrected shape
Detection procedure of defects and noises on the 3D point cloud model
Procedure of CCI sampling
Analysis method of the correction error
Overview (left) and expanded section indicated in square (right) of 3D point
cloud model. a : SD: 30cm, LP: horizontal, IP: none. b : SD: 30cm, LP: vertical, IP:
none. c¢: SD: 60cm, LP: horizontal, IP: none. d: SD: 30cm, LP: horizontal, IP: color.
e : SD: 30cm, LP: horizontal, IP: monochrome.
Example of CCI sampled points on the measured surface
Examples of gaps between corrected surfaces and the measured surface
Expanded view of gaps between corrected surfaces and the measured surface.
Left: CCI nodes and measured surface. Center: The area shows the correction

gap of DS, Right: The area shows the correction gap of DS and CCI.

Effects of CCI compared with DS. Solid line: Rate of correction errors to DS rate.
Dotted line: Rate of data values to DS rate.



Table 1 F{&EAI R

Table 1 Line measurement results and relative error of the measurement compared
to actual value

Lens-Object(cm) Straight-line distance(cm) Relative error(9%)
30 8.10 395
40 8.21 8.76
50 814 595
60 803 1.30
70 813 555




Table 2 Fh{E: IR
Table 2 Frequency of defects and noises of 3D point cloud model

Measurerment SD (em) 30 60 30 30 30
condition LP horizontal horizontal vertical horizontal horizontal
none none none color monochrome
Freauency of defect nodes (%) 1367 182 6.07 1.79 354

Freauency of noisy hodes (%) 863 364 1542 1944 2207



Fig 1 HEpfsE:al R




Fig2 FfERIRD

Camera

Projector

Object




Fig 3 Fh{sE AR
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Fig4 FfEAED
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— : Corrected value
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Fig6 AR
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* ! Measured value
Z. - Threshold of detecting noise = O.4mm
Y. - Theoretical pitch between adjacent nodes
i * Length of defect (Number of defect nodes = [,/Y,)



Fig 7 Fh{sEa[ "

A. Detection of a convex (concave) between adjacent points
( threshold: 0.2mm)

N

B. Confirmation of change in brightness between adjacent points
( Brightness : Y = 0.299R+0.587G+0.114B)

N

A and B: Pick up the points as CCIl sample
A not B: Dealing the convex (concave) as noise
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Fig 9a AR

SD 30 cm, LP  Horizontal, IP : hone



Fig 9b Fp{E:A[ R

SD 30 cm, LP :vertical , IP : none
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10 mm

SD : 30 cm, LP : horizontal, IP : color
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DS

— . measured surface
« : CCl sampled nodes

(sampling rate: 10mm)
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B . Correction error



® Correction error (Pixel)
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