IVEL—REL gV 67—5
(1990. 7. 19

E EEE (&> oo [E B ET A A% | g 7x
E = O BEAME AR A TJIT ~ oD Itk /4

t
' %

D
=+

N @

R Fk BE A BB R = A
NTTE;—77'4V97:—XB}?%@?

B MEOSDBREREY 5 -~ ORIBHUMSAELZZ+ +7 &2 0HEKOEH
fM~OBHIEDVWTHRNE, V- ¥RABEBLTFECCDEYH & (SDIERARA) -
A3—-—CCDAXT (A5—3HAUH) 2*BRLELa2= . P BDPLOF—T AV ERED
hi-YoRM%tE&EL. SDEMF-7 N5 —F— 2 2RBIRkD 3, . L—¥ic
LB RES 1 2A0BREFHERTR LR - T Abh, — AR S~V 256
M. Bit51 2% 25 65N 0HEMT—sBBON3, HUBBEERAEAZ350m
m, 5§T350mmOHAEE(2HALALABEBET0. TmmPHATH 2, »5—-F— 5 it
512x256@E#%. 24bit, /E# (r, g, bB8DLiIit) oA 5—@EHEEL
TROLN B, ~EORFMEMIZ1 5B TH 2. ABRBLHEROTFRIHH L.

CBERBERER/

A Synchronized Cylindrical Range and Color Data Scanner
and Its Application to 3D Face Data Acquisition

Yasuhito SUENAGA and Yasuhiko WATANABE

NTT Human Interface Laboratories
1-2356, Take, Yokosuka
Kanagawa, 238-03 Japan

Tel: +81-468-59-2864
Fax: +81-468-59-2898
Email: suenaga%nttcvg.ntt.jp@relay.cs.net

Abstract

This paper presents a method of 3D human face measurement by using
a newly developed device that acquires 3D range data and surface color
data at the same time. The cylindrical range data is measured by a laser
light source and a CCD sensor with the resolution of 512 vertical scan
lines, 256 points per scan line. The color data is acquired as a cylindrical
projection image having 512 by 256 pixels, 24 bits/pixel (8 bits for red,
green, and blue, each). The scanner has been successfully applied to the
measurement of human faces.
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1 Introduction

The authors have been doing various researches on computer vision and
graphics for the recognition and synthesis of human images, which are
important in realizing better human interface and a model based CODEC
in future [Mase'89][Aki'86][Aki'90][Wat'89] .

In this paper, the authors present a method of 3D human face
measurement by using a newly developed device that acquires 3D range
data and surface color data at the same time. The method described here
is very useful for the acquisition and synthesis of 3D human faces and
various 3D objects.

There have been already many publications and products on 3D range
finders and scanners [Ino'90]. Almost all of them are designed for the
detection of three dimensional distance or range data only. Though it
has been regarded that ordinary color data can be acquired quite easily
by usual color television camera or color scanners, the problem is not so
easy.

Roughly speaking, in order to synthesize human faces by computer
graphics, two kinds of data are needed: 3D shape (range) data and
texture (color) data. Usually these two data are measured separately,
using different kind of data acquisition systems as illustrated in Figure
1. Due to the time difference of two kinds of data, especially in case of
movable objects like human faces, it is sometimes difficult to match
these two data. Moreover, camera angles and lighting conditions may
be very different from each other. Though some adjustment may be
done to some extent, it is practically insufficient to acquire the
consistent data of 3D objects having various shapes and colors. These
problems arise not only for computer graphics generation of human
faces. They may be significant for various applications such as
synthesis and recognition of various objects based on 3D shape and color
data.

The method presented in this paper is derived from the considerations
stated above. Apparently it is desirable to acquire the range and color
data at the same time, since it becomes possible to synthesize precise
images of various objects from the synchronized 3D data as illustrated in
Figure 2.

2 Scanner ’
The Echo scanner (4020/PS Rapid 3D Digitizer), manufactured by

Cyberware Laboratories, USA, is a laser scanner to measure cylindrical
range data of objects as illustrated in Figure 3.  According to our
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specifications, the manufacturer installed a TV-camera based color data
acquisition subsystem in the scanner while preserving its original
functions, resulting in the first cylindrical scanner in the world to
measure 3D range data and surface color data at the same time. The
object to be measured is placed on a center table, and an arm having a
laser light source, a CCD sensor and a CCD color camera rotates 360
degrees horizontally around it, acquiring cylindrical range and color data
in synchronization.

The cylindrical range data is measured by a laser light source and a CCD
sensor with the resolution of 512 vertical scan lines, 256 points per scan
line. Measurement resolution is within 0.7 mm when measuring a
cylinder having 350 mm height and 350 mm diameter.  Actually the
cylindrical range data is converted to 512 x 256 sets of x, y, and z
coordinate values.  Surface color data is measured by a CCD color
camera. The color data is acquired as a cylindrical projection image
having 512 by 256 pixels, 24 bits/pixel (8 bits for red, green, and blue,
each). Since the cylindrical range and surface color are measured at the
same time, all the data are acquired in a synchronized form.

3 Application to face data acquisition

Figures 4 (a), (b) and (c) illustrate an example of cylindrical range and
color data acquisition using the machine. Figure 5 shows an example of
3D facial expression generation. Using a data subset cut from the data
shown in Figures 4(a), (b) and (c). -we generated a synthetic facial
expression animation. In Figure 5, the left-most frames are generated
from the original data. All other frames are generated by adding
artificial modification in the 3D original data to animate a smiling
expression, : :

4 Cohclusion

We have been investigating an alternative method to acquire 3D face
data by matching 2D front and side views with a generic 3D model
[Aki'90]. - Only a TV camera is needed as an input device and it takes a
short time to grab two frames. But this method acquires 3D data by
processing images to match 2D face data with a generic 3D

face model. This method is based on a human head model, and. is
limited to face measurement only. :

The method proposed in this paper is a general purpose 3D data
acquisition method. This method has opened a way for us to acquire
highly accurate data by directly measuring various 3D objects having
surface textures.  All the data are acquired in one horizontal rotation of
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the scanner arm. It takes the new scanner fifteen seconds to acquire
the synchronized cylindrical range and color data.

Therefore, these two methods should be used in combination for human
face measurement: the proposed method is suitable to acquire the
generic 3D face model having texture data in high accuracy, and, front
and side view based method [Aki'90] is suitable to the handy
modification of the generic 3D face models.

The authors have been using the new scanner mainly for acquiring 3D
data of human heads, hands, legs, and trunks. The proposed method is
very useful to make a complete 3D image database of human bodies
needed for realizing better human interface and model based CODEC. The
 method is also widely applicable to acquire synchronized 3D range and
surface color data of various 3D objects. Therefore the proposed
method will be very useful for preparing 3D image and/or graphics
database of various objects needed in many kinds of applications.
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Fig.1 Usual acquisition of 3D range and color data
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Fig.2 Synchronized acquisition of 3D range and
color data by the scanner in this paper.
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Fig.3 Face acquisition by synchoronized cylindrical
range and color data scanner.
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