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Kinect Interface for UC-win/Road:

Application to Tele-operation of Small Robots

Hafid NINISS
Forum8 - Robot Development Team

Abstract: The purpose of this work is to develop a man-machine interface for the UC-win/Road VR software to
improve the interaction between the real and virtual worlds. The Kinect plugin interface presented in this paper is based
on 3D depth sensor integrating IR technology. The development started with the Kinect sensor, a device initially
released by Microsoft as an input controller for its Xbox video game console, then moved to the Xtion Pro, a smaller
similar sensor. This paper presents the Kinect Plugin as well as two applications oriented towards Robotics, to
demonstrate the Kinect Plugin capabilities.

Key Words : Virtual Reality, Human-machine interface, Robot Tele-operation

1. Introduction

One of the main software solutions developed at Forum8 is UC-win/Road, a multi-purpose 3D-interactive Virtual
Reality software such as modeling for construction planning, urban planning, civil engineering and traffic modeling
(Figure 1).

Figure 1: UC-win/Road

So far, the interaction between the Real World and the Virtual World was made with common input devices like
keyboard , mouse, joystick or more recently 3D mouse. To offer a more natural interaction with the Virtual World,
we developed an interface for UC-win/Road that allows the user to directly interact at different levels with the
Virtual World, ranging for a simple interaction trough a monitor to a full immersion through a Head Mount Display
(HMD). At the highest level, the user is immerged in the Virtual World, but contrarily to existing applications based
on characters to represent the user, a realistic representation of his own body will be available as visual feedback.

This kind of interface was made possible due to the recent advances in sensing, particularly when Microsoft released

1
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the Xbox video game console using the Kinect, a 3D depth sensor to detect the user's motion (Figure 2). The main
concept behind this new generation of video game consoles is to turn the user's body into an input device, allowing
the control of the video game only by body movements and hand gestures. Our developments started with the
Kinect sensor, and later were followed with the Xtion Pro depth sensor (Figure 2). It uses the same technology than
the Kinect, but is smaller, lighter, and USB powered, which makes it more fit for small robotics applications.

Kinect™ Xtion Pro™ Xtion Pro Live™

Figure 2: Devices supported by the Kinect Plugin:

Kinect, Xtion Pro, Xtion Pro Live (Xtion Pro + RGB + Audio)

The main feature of these sensors is the ability to create a 3D mapping of the environment. It uses the structured light imaging
principle: an infrared laser (frequency slightly below red light) continuously projects a predefined dot pattern while a camera
simultaneously records the deformation of the pattern when an object is in the sensor’s field of view. The deformation is then
used to generate a 3D map of the environment.

The figure 3 shows the output of the RGB camera (Figure 3.2), the depth map (Figure 3.b) and the combined outputs (Figure
3.0).

Figure 3.b: Depth Map

Figure 3.c: RGB Output + Depth Map

After a description of the Kinect Plugin capabilities, we will present the applications of the plugin in the context of
Robotics: tele-operation of a robotic arm and tele-operation of a small RC car, before concluding the paper.
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2. Kinect Plugin Capabilities

2.1. Overview

The fundamental data provided by the Kinect (Xtion) sensor is the raw depth map data, a 3D representation of the
environmenent seen by the sensor. The depth map is then analyzed to provide more conplex data. An important feature is the
ability of the sensor to identify human body shapes and seprate thme from the background. A time analysis of this data provide
more advanced capabilities, like the motion capture of users, by the mean of 3D skeleton tracking.

The table 1 shows the functionalities available in the OpenNI SDK and the ones provided through the Kinect Plugin:

Function Open NI Kinect plugin
Depth map ° °
User data ° °
Skeleton tracking ° °
Air driving X °
Gesture interface X °
Virtual grabbing X °

Table 1: Functionalities available in OpenNI and through the Kinect Plugin

The main advantage of the Kinect Plugin is the ability to access the all raw Kinect data and more advanced data in a very simple
way, directly by a UDP connection, thus removing the burden of the implementation of the data access from the sensor and
processing. For each capability, a specified data server is accessible, providing directly the required data.

Al the available data (raw and processed) of the Kinect Plugin are displayed in a main window with a tab window for each data
(Figure 4.2)

r 5
Kinect Data =
= — [Air Driving Data] 0 connections
Depth ‘Si@letﬂn I AirDriving | Gearlever | Gesture I HandsPnsmnn‘ [Hands Pos Data] 0 connections
HostlP 127001 Default IP
Frame Counter 220 valid Data Yes 1 Active Users [Master: Idx 0, ID 1]

BISEEE0 (ID1) [Master] ible)

\f

[ShowDepthap] [ Show Settings ] [ About ]
L

Figure 4.a: Main Plugin Window Figure 4.b: Depth Map Window

In addition, an auxiliary window shows the processed data merged together for a specific application (Depth Map window), for
instance the data for the Air Driving application overimposed on the depth map data (Figure 4.b)

2.2. Raw Depth Map Data

The basic data from the sensor is the raw depth map data. The output is a “depth image” of the environment in front of the sensor,
with a VGA resolution. The value at each pixel (X, Y) is the distance from the sensor to the closest object at the coordinates (X,
Y), in mm. The Figure 5 shows the raw depth map data in linear gradient color: the closer objects are to the sensor, the brighter
they appear.

The value of any of the points of the depth map can be checked simply by using the mouse (Figure 5); the value of the depth

map d(x, y) at the position (X, y ) is displayed near the position of the mouse cursor:
3
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Depth value at

cursor position:
X = 441 [pixels]
Y = 259 [pixels]
Z = 4190 [mm]

{ ® (640, 480)
Figure 5: Raw Depth Map Data (User not detected yet)
2.3. User detection

From the previous raw depth map data (Figure 6), it is possible to identify and separate the shape of a human body from the
background. When the program is started, the user needs to move in order to be detected as a human user. Once the user is
detected, his position can be estimated, approximately at the "center of gravity" of the area of the detected user.

Figure 6: User detection (in pink) and master user (white triangle)

Each user is then displayed with a different color (Figure 6), and is given an individual identifier (User ID). To avoid conflicts in
the user interface operation, only one user can operate the interface at a given time. The user controlling the interface becomes
the master user, labeled with a white triangle. The user who is the closest to the sensor becomes automatically the master user.

2.4. Skeleton Data

One of the main functions of the Kinect sensor is the ability to track in 3D the joints of the human body (skeleton tracking). The
Figure 7 shows the tracking of the user’s body joints, with the resulting skeleton model shown as a simplified model of the user’s

skeleton.
The tracking of the skeleton joints is possible when the body joints above the hip joints are visible by the sensor (hip joints
included). A practical case is when the user is sitting at a desk and the sensor is positioned on the desk, in front of the user.
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&7 Time: Time: 397.43 DT: 15 ms dt(ms): 15 fps:66.7 =8 X

Figure 7: Skeleton tracking on the server application (left) and client application (right)

The skeleton data can be examined in real time in detail by the user of the Kinect Plugin window (Figure 8):

Kinect Data 5
Depth | Skeleton | AirDriving | GearLever | Gesture | HandsPosition
Host IP 127.0.0.1 Disconnect ] | Default IP |
Frame Counter a1 Valid Data fes ® Joint
oin
( Joint Mone - |4 Selection
onfidence[%] 0\
@ Skeleton Data P
.. o Position[mm] X 0
(2D projection) g & Y
g ¥ 0 \
\i e 7 0 ) ® Joint Data
@ Show/Hide
Depth Map |I Show Depth Map l | Show Settings | [ About
Window

Figure 8: “Skeleton” data

The possible applications are 3D motion tracking, robot tele-operation and Human-Machine Interface.

2.5. Air Driving Data

The air driving concept is simple: drive a vehicle without the use of any input device. By tracking the hands and the right foot of
a sitting (or standing) user, it is possible to estimate a steering wheel angle and an acceleration/braking factor corresponding to
the pressure of the foot on the accelerator (or brake) pedal (Figure 9).

Once the user is detected and the skeleton tracking has started, the user controls the vehicle the same way than a real car/truck,
except that no steering wheel or accelerator/brake pedal is used. Instead, the drivers move his hands just as he was holding a
steering wheel and presses or releases the break/gas pedal. When the detection is accurate enough (best when seated), the user
can smoothly control the gas pedal and brake pedeal.
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Steering
Left Right

-
=)
©

| < F8 Kinect Drive v.4: Status: [ID

[Air Driving Data] 0 connections
[Hands Pos Data] 0 connections

1 Active Users [Master: Idx 0, ID 1]

) (ID1) [Master] (Visible)

le—+100
Gas

-« 0

Brake
«=-100

Figure 9: Air Driving operation
The steering angle is displayed at the top of the depth map window. The steering factor is within [-100; 0] when turning left and
[0; +100] when turning right (Figure 9). The pressure on the gas pedal is represented on the right side of the window. The
accelerator factor is within [-100; 0] when braking and [0; +100] when accelerating.

The application of the Air Driving is the driving of a vehicle in a simulated environment (Figure 10) and Robot Tele-operation
(Figure 15).

Xtion Pro sensor

ghage Systa » LI -win/}

Air g Floor projection of

Kinect data

J
Y

Figure 10: Air Driving at Tokyo Game Show Expo (2012)

The value of the Air Driving data can be checked from the Kinect Plugin window (Figure 11):
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Kinect Data 5
Depth |Skeleton AirDriving |GearLever IGesh..lre |HandsPosih’on|
HostIP 127001 [ Disconnect | [ DefaultlP |
Frame Counter 82 Valid Data Yes
4 .
. .. Steering[deg] 45,259
@ Air Driving
Acceleration[%a] 100
Data
o |L Brake[Ye] 0
(2D projection)
@ show/Hide
Depth Map
Window \l
I Show Depth Map I [ Show Settings ] [ About ]
N

Figure 11: “AirDriving” data

2.6. Virtual Gear Lever

The purpose is the detection of the action of grabbing of a virtual object in a simulation. The current application is the gear
change (Forward/Backward) in the Air Driving application (Figure 9): a virtual gear lever allows the user to change gear from
forward to backward, by a movement identical to grabbing a gear lever and pushing it forward (forward gear) or backwards
(backwards gear).

Status mark
("“Grabbed")

Figure 12: Air Driving. The user grabs the virtual gear lever
(square-shaped indicator in the bottom left side of the window)

When the user simulates the action of grabbing a virtual gear lever, a red square appears at the bottom left side of the window to
notify the user that the action was detected (Figure 12). The virtual gear lever status is changed to “GRABBING” status. Until
that, the default status is “STEERING”. If no action is detected from the grabbing position within 2 seconds (“Persistence
Time”), the action is cancelled and the status is restored to “STEERING”.

From the “GRABBING” status, the user needs to move his hand forward (resp. backward) to change the gear to forward gear
(resp. backward gear). If successful, the gear lever status becomes “FORWARD”, resp. “BACKWARD?” (Figure 13).

More generally, the virtual gear lever function can detect the grab and release actions, so it can be used to manipulate objects in
the virtual environment.
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Status mark
(“"Forward")

Figure 13: Air Driving. The user pushes the virtual gear lever forward

2.7. Gesture Interface

The gesture interface allows a simple Man-Machine interaction by using elementary hand movements performed with the right
hand. An elementary movement is defined as a straight line (UP, DOWN, LEFT or RIGHT), while a gesture is defined as a
combination of two elementary movements, performed continuously with the right hand, at the same pace. The available
combinations are shown on the Figure 14.

RIGHT/DOWN
RIGHT/UP
RIGHT/LEFT
UP/RIGHT
UP/ LEFT

UP/ DOWN
LEFT/ UP
LEFT/ DOWN
LEFT/ RIGHT
10 | DOWN/ LEFT
11 | DOWN/ RIGHT
12 | DOWN/UP

OO N OO AR WN|-

Figure 14: Identified gestures of the Gesture Interface

3. Applications in Robotics

3.1. Overview

The Kinect/Xtion Pro sensors provide accurate 3D depth data at a very low price regarding previous techonologies (laser, stereo
camera). This explains the interest for this sensor from many developpers, who used the sensor for many types of applications,
ranging from motion capture to synchronous localization and mapping (SLAM)®. Our first developments were oriented towards
the simulation and control of small robots: a robotic car and more recently a robotic arm. The purpose is to remotely operate
those robots in a very natural way, allowing for instance to send them in a hazardous environment while keeping the user safe in
a remote environement.

3.2. Robotic Car
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Recent progress in the automotive field have brought to the market cars equipped with sensors used until now for robotic
purposes, mainly for safety concern. Cars got equipped with distance sensors for automatic braking system, night vision cameras
for pedestrian detection and so on. The most famous example is the Google driverless car, which is a fully autonomous car,
currently allowed to be used legally in four different states of the U.S. (in January 2014)@. In this context we used the RoboCar,
a model car based on a RC car, with added sensors (stereo camera, IMU, laser range finder). To demonstrate the tele-operation of
a car-like vehicle, we simulated the RoboCar in a virtual environment, while the actual car evolves on the ground (Figure 15).

Actual

Kinect data
RoboCar

(Floor projection)

Figure 15: Air Driving at Robotech Expo (2012)

The RoboCar proved to be useful for our developments but with few limitations, like its weight or a communication over the
Wi-Fi prone to discontinuities when evolving in a noisy Wi-Fi environment.

To solve those issues, we started to develop a much lighter car, the "Lily Car" (contraction of "Liliput Car"). The car will have a
modular structure, i.e. the car will have a main body, with interchangeable modules depending on the application. The figure 16
shows the Lily Robotic car at the prototyping phase.

Figure 16: Lily Robotic Car

The car is equipped with the following sensors:

- incremental encoders to estimate the rotation speed of driving wheels
- 2 2.4GHz transceiver for wireless communication

- an accelerometer

- a temperature sensor to detect overheat situations

- a camera with a 5.8GHz transmitter for live feed
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- an LCD and mini joystick for manual settings directly on the car
With this car we hope to build a development platform (simulation in VR and actual car) for autonomous functionalities for
smart cars, for instance the automatic parking or assistive braking system.

3.3. Robotic Arm

Ancther that we are currently investigating is the tele-operation of a robotic arm based on the skeleton joint data from the Kinect
Plugin. Such development could have potential application in various sub fields of Robotics, ranging from tele-surgery to
tele-operation of manipulators in nuclear plants.

In our development we used a 5SDOF robotic arm (AL5D from LynxMotion), shown in Figure 17. For demonstration purposes,
we try to apply the skeleton tracking data to the control of the robotic arm.

Figure 17: AL5D Robotic Arm

In this application, a simple simulation was made of the operation of the AL5D (Figure 18), mainly for safety reasons for the
user and to avoid mechanical damage to the arm. We retrieved the skeleton data directly from the Kinect Plugin by UDP
connection.

 ——
Cam Pos[mm] Cam Ori[Deg]
-21 Th:-34

Figure 18: Robotic Arm simulation (client application)

The joints data included in the skeleton data are then mapped into the robotic arm space, to estimate its state vector (angle of
each joint and opening of the grip).
The Figure 19 shows the Kinect Plugin window on the right side (UDP server), and the client application using the skeleton data

10
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to control the robotic arm (on left side).

1 Active Users [Master: 1D 3]

[ Han

[ Gesture Data] 0 connections
Skeleton Data] 1 conrections

[ Virtual Gear Leyer Ditta] 1 connef f2n-

‘ f .“._, ':‘

Figure 19: Client application (left) and Kinect Plugin server (right)

By using the virtual gear lever function of the Kinect Plugin it is possible to detect the grabbing action performed by the user,
which controls in turn the opening/closing of the grip of the robotic arm, allowing the robotic arm to catch objects. Asa result the
robotic arm can be fully controlled by the user, without using any input device. At the current stage of development, the control
was assessed in simulation. Moreover, we started tests on the actual robotic arm. It can be controlled remotely by the user and we
are currently improving the control algorithm, to have a smoother control of the robotic arm.

5. Conclusion

In this paper we presented the Kinect Plugin, and interface for the UC-win/Road VR software, and two applications
in the robotics field. The data from the plugin allowed to control a small smart car and a robotic arm. We hope in the
future to pursue the efforts in applications involving Robotics and Virtual Reality and on a greater extent,
man-machine interface applications.
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Get what your competitors are only dreaming of



About AWAIBA SYMCO

Excellence in custom design &
standard sensor components for
medical imaging and Machine Visio

0 Continued innovation since 2004
o Profitable and privately owned

o Many AWAIBA products beat world
records:

o 2006 world’s smallest digital Image
sensor 0.5 x 0.65mm

o 2008 Dragster linescan sensors world’s
first 16k digital linescan sensor. (2012
world’s first 24k linescan sensor)

o 2010 world’s highest data rate digital
high speed sensor, 4Mpix 500Fps,
10bit

Get what your competitors are only dreaming of



Endoscopy SYMCO

Miniaturized
Sensors, for <3mm

scope applications ¥ 4
e System on chip /

e Advanced packaging
technologies

0'

Get what your competitors are only dreaming of
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~NahEye Imagé-serSor series

o 1mm side length digital sensor module sensor,
Optionally with confected cable & lens

o Applications:
o Minimally invasive surgery e
o Rigid and flexible e

. 0 Low cost re

o Primary customer base
o0 Medical equipment OEM.’!f
o Endoscope manufacturers

o Innovative Medical device companies “inventing”
novel devices and procedures

BSYMICOP




Industrial Endoscopy
o Inspection of any small cavities tubing's holes
o Low cost industrial sensor applications, such as

o Light bargy
o Presence d tection !

vision >100k units.
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SYMCO

Contact

AWAIBA
Rue Galilée 9

1400 Yverdon-les-Bains
Switzerland

Phone: +41 24 510 38 03
Fax: +41 24 510 38 00
E-mail: sales@awaiba.com
WWW.awaiba.com

AWAIBA GmbH

Rollnerstrasse 110a

90408 Nurnberg

Germany

Phone: +49 (0)911 21 521780

Fax: +49 (0)911 21 52 178 9 AWAIBA Lda
MADEIRA TECNOPOLO

9020-105 Funchal
Madeira

Phone: +351 291 723 124
Fax: +351 291 723 174

Get what your competitors are only dreaming of
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YOUR PARTNER FOR

CMOS

IMAGE 5
SENSORS

NANEYE STEREO

NanEye Stereo offers the smallest physical dimensions of a digital 3D video camera currently available. With a footprint of
just 2.2x1mm and height of around 1.6mm (with integrated optics), NanEye Stereo fits into virtually any space, providing
outstanding visualization capabilities for industrial and medical applications. Due to Wafer Level packaging the precision of
the 2 camera heads is quite high so that calibration and rectification is easy.

A variety of lens specifications are available to order. Standard lens options include a choice of F2.7, F2.8, F4 and F6
aperture with 90° and 120° diagonal field of view, and depth of focus typically from 3mm to infinite.

WORLD’S SMALLEST 3D CAMERA.

AWAIBA




SPECIF'CATIONS The camera is a

self-contained “block”, bio-compatible, with a plane Borofloat 33
glass entrance surface, ideally suited to gas and fluid interfaces.
The camera operates fully autonomously and requires only four
electrical wires per camera (optionally pre-fitted by Awaiba). Data is
transmitted over a low EMC bit serial LVDS link, suitable for cables
up to 3m long without additional external electronics.

With NanEye cameras and image sensors, visualization can be ‘
introduced to virtually any micro-invasive procedure. Awaiba’s main ‘
expertise in medical imaging is centered around helping medical |
equipment manufacturers introduce visualization assistance to ‘
routine medical procedures, in many cases for the first time. @

Industrial users include machine vision and small diameter
boroscope applications.

In addition to off-shelf imaging products, Awaiba provides
custom-designed solutions offering tailored specifications to any
given application.

B

Parameter Nominal Values Remarks

Number of pixels 2x 250 x 250 2 % 62,500
Pixel size 3.0x3.0
Frame rate 44 fps at1.8Vv
Shutter type rolling
Dynamic range 42dB

Rensponsivity 8 DN/nJ/cm? DN= Digital Number at 10bit AWAIBA Lda

Full well capacity 10 ke Madeira Tecnopolo

Temporal noise in dark (rms) 1.2DN 9020-105 Funchal, Madeira, Portugal
FPN <0.5% software corrected

PRNU <1% software corrected Phone: +351 291723 12
Data output 10 bit digital bit serial LVDS
Supply requirements 1.8-24V 2x26mA AWAIBA GmbH
Power consumption 10 mW
Number of contacts 2 X 4 pads 2 x Vss, 2 xVdd, 2 x Data +, 2 x Data- Rollnerstr. 110a

Site (footprint x height x lenght) 22X 1.0x1.7mm 90408 Niirnberg, Germany

Mass 729 Phone: +49 911 2152 1780

Optical parameters (standard optics)** [ FOV90 F2.7 | FOV90 F4.0 | FOV90 F6.0 | FOV120 F2.8 AWAIBA CH SA
Stereo Stereo Stereo Stereo

Rue Galilée 9
FOV in air (diagonal) 2 x90° 2x90° 2x90° 2x120° 1400 Yverdon-les-Bains, Switzerland
FOV in water (diagonal) 2x62° 2x62° 2x62° 2% 86° Phone:
one: +41 24 51 03 800
F-Number F2.7 F4.0 F6.0 F2.8
Max. Optical Distortion (in air) 23% 23% 23% 50%
Max. Optlcal Distortion (|n Water) 7.5% 7.5% 7.5% 16% E_mail |nf0@awa|bacom
MTF @ Nyquist 25% 28% 30% 45% . :
Depth of focus in mm 50— 3,5-30 3,0-50 40— Web site  www.awaiba.com
Best focus point in mm 10 5 5 8
**Customized lens options can be manufactured on demand S‘Y[\\/I“E(D CORPORATION
AN D N
T 153-0061
REHMEEXHER 2-10-15
Tel.(03)5768-2081 Fax.(03)3794-5282

E-Mail sales@symco.co.jp
http://www.symco.co.jp
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right sensor

center of
projection

REAVE—F ININTHF—IR
AXvUE(mm) 40 100 250 25 250 500 100
SeFE N FRRE( 1 m) 25 50 100 10 50 100 100
B fREE(um) 5 10 20 2 10 20 20
& <& (mm) 1 5 10 0.5 5 20 20
AEx v AE—K(m/s) 0.5 1 2 0.5 1.5 3 10
A3—TIA4R Camera Link 85MHz Medium
F—ARL—F 3x170MHz RGB(510 Mbytes/s)
TR 3FCD R > 4+ 3DEHAIE
Micorosoft Windows 7 64bit
HRMIERS BECPUS 57 095 2 H—F (CUDABISE I 5)

(1) R34 4 ZX40mm x 40mm. BEHMEE2IM DB

e SYMCO

[[ARFE(CERE]
T153-0061 RIRHEEXFHE2-10-15 IUFKEILTF
TEL: 03-5768-2081/FAX: 03-3794-5282
E-mail: sales@symco.co,jp (EZ)
URL: http://www.symco.co jp
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RIEGL Worldwide Network

With 30 years experience in the research, development and production of laser rangefinders,
distancemeters and scanners FR/EGL delivers proven innovations in 3D.
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TFRIRIRELBRER, A—LFRbEHAIN TN D, S3D5E@x LAFREREITE TS
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HEY S & T)RARIC ﬁé%A#%éﬂ\%ﬁ@@ﬁ®ﬁ&\@®%iﬁ@f~iVﬁ?ﬁ\
LB HEFIR D 72N A — I VT RARDTE S, (K5) b EmBoOMEE (36. 3Mpixel)
MEWNTZD, A= AFREESRBHLITIRIC2 5T, B0 B DHERSARE{R R R L
STz,

X5 :
M LEigRDO A= 7,
B E0 E CEME 2 < ATHE

Reference:

HRER, =& F. OKHF OELR. BN R

P NEBEDOA—I TN E ZOICH ¢ BBIERA T TS EiTERE
Vol. 37, No. 43, pp13-(2013)

4/4

162



272N

SEIKOWAVE
22T BESED=OHIZ.
FBEILESIITAT Y TDERE
EERIE. R ER LA

2014-3-15

AR

163




272N

2014-3-15

R&RE
EXEM

RERER
EFEIER AR

Home page

=R

kAstttqa—oz—7
2010F4H16H

22005 M

SEIKOWAVE INC. CK[E)
=ZURFvERIL
NYR-yb (KF|EEHK)
T 104-0061
RRAR P R X EREE7-13-6
HHIE L 2B
03-4455-4606

104

http://www.seikowave.jp

164


http://www.seikowave.jp/
http://www.seikowave.jp/

>

N
SEIKOWAVE

JLES

A A—IT—TEMOBER
- BRAIATABTALIVZ A (sHums )
- EREBEHECLOIREMEL
- BEE. WRE. WEMEE. WRE. EOAN
aHBIFE
- MBLEEZERF
EAO0—T7I—7RE (wFums ) ORBELEE
HEEL. TORENATTHRE, NLETHS
CWEQIXATRMEHANLET,

TEHEE AR
« 3D TOOLBOX (eVox-LCG-01)
- SAWEROmTTIL
- NEER®. K. BT
+ 60mmx80mmx100mm

» 350mm~650mm
- SRS, 87)
= 400pm, 100pm3LF
+ 3D TOOLBOX (eVox-LCG-02)
- AWER20cmTTI
- NEESRR. K. BT)
»  60mmx80mmx100mm

- SREEM. 857T)
« 200pm, 100pmBLF
- Altair (eVox-LCG-HB-01) MBR(2013 12R%)
. AWEMSIcmTFIL
- WESRR. K. BF)
« 400mmx300mmx300mm
. WESWER

+ 500mm~
- SWEER. 827T)
« 650pm, 2

ERATI
- BENAEEYS. B@OFY ~
- FPUTL—Y 3 RERR-FY N
- NYFU-v 5. =B
- & —7 )L (8# 30R, 100f)
+ RSTRENG FFSH@EY 7 hOXI7)
BE- BAINRY
- BERNOAE- nEXNORR- BE
- BENRES- TLF-SoRR
- B ELABROEN. FRoNK A
. AfERY

EROEWEE

- ARRFLIATSMERSE
- 03BLBA. 3BNE

- PCAY5—T7I-RA
+ Giga Bit Ethemet (1000 Base T)

- BREE
- ABpSERER(I2V ~24V)
- $-Hr—FLTRHET—SAR

« BUR{-#(3D TOOLBOX)
- IPE7TER
« 100cm#F ( RHRE)
- 5C~40C SHMEERFREE

00pmELF

2014-3-15

165

Autzic REM REH

RERFT/OFI TR A A~

B50mm Section

3RZREMFT Y 7 NI F(PAS)D HKE

+SEIKOWAVE Portfolio (3T MU ILILT7 ) BEMIL Y900 E EIFLARF—SBE
AEBROYYML AT — (Edtimage) [TT. XYZIREH UYL . REB(ET OFETR
*Global radius &, B Convex Hull ZIZT . RRBOER. BARS BEFESO®RNY

=
FPoe diangter nn

Pee tadiowae 63500 2 an

Deplay dita 0l an » 15
Fitted radiue 4440

BEMFTTA2VIED, WIS (W) OMELE. RETL—TOABRY, FJIFEE. CSVTF—SDT7/LEN

RERH T OVIZED. BRTOITANDTIIE . SVF—IDI7 D

*River bottom DI (3D River Path * ) &F—SH N

FW FAMRFE-FORE. 2R - REORE. 23—/ 5A—5DHRE.

AWM BACHIPFULIIREILILA BT CRANXSESRLOBOARESRULELET

AEOT Y a—R


http://www.seikowave.jp/Doc/3DToolbox-RevJ3.pdf
http://www.seikowave.jp/Doc/3DToolbox-RevJ3.pdf

+ A
T

TP ILZALL3DR

9N

20104

20104

Video download

Video download

166


../3D Body Scanning Technologies workshop/movie/Sample_realtime_measurement_1.MOV
http://www.seikowave.jp/video/Bottle PMP.avi
http://www.seikowave.jp/video/Sample_realtime_measurement_1.MOV

s:ﬁ;u“? WMET /N ADBEF

2014-3-15 5
167


../../../../../Videos/ORA/20110818_ID12.9(3h after).MOV

TRl R E 1

ul]

HEEIEE 3DAR EEEEE TERFr—

20114

20114

2014-3-15 .
168


../Advanced IT Business Creation Seminar 20140220/sample data/plyScan_2011-10-27T115142.ply
../Advanced IT Business Creation Seminar 20140220/sample data/plyScan_2011-10-24T195041.ply

SEIKOWAVE TINAADBHFE2

Connections

Camera: [ Disconnect Py PRO FO326 3026619 ~| [ setings

Frame rate =66.6089 fps

2014-3-15

169



S:ﬁ:\l\i\ T ARG R S5

ZRGIEAA—D SDR#

20114 20114

2014-3-15 8
170


../Advanced IT Business Creation Seminar 20140220/sample data/K-II plyScan.ply

sE1E

W
SEIKOWAVE

20124

171



2014-3-15

% T alBR

Video download

172

20124

10


http://www.seikowave.jp/video/drop_test.mp4

2N

smmwnv“E\ sERMIE
REBRAEE 8 o % i S

20134 20144

2014-3-15 11
173



SEIKOWAVE BRI O 7

a5 Dent Analysis (ASME B31.8)

(axial) profile profile

4540 9080 13620 1§t

Depth (mm)
Depth (mm)

-3.90

-5.24
Position (mm) Position (mm)
[ Polar Plot
Strain Bend = 0.44% Membrane = 652% Strain Bend = 5.43%
Adjust Offset 00 [</mm  (dent depth) / (pipe diameter) =

Paints spacing st every 1 degree < and[100nm ]

File name

[Downsample v [delta radius [ to export |
7] Open file after exporting
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& Fr . O00-0000
|| & | A | EHEL|FLE S8 EM|EEEXH|EEE B EETE4] 52 BEELE)
1]1987] 8 1 [ 1 | 1 [1,000 500 A
2 [1987112] 1 | 2 | 2 iR ~
1987/12| £E4£% iR
3[19881 3] 2 [ 1 ] 3 [1,000 500 A
4(1988/ 6 2 | 2 | 4 1,000 500 A
1988| 6 | 45AIE | 5 iR ~
5(1988/ 7| 2 [ 3 | 6 [ 1,000 500 A
6[1988/ 9| 2 [ 4 [ 7 1,000 500 A
7(19891 1] 3 [ 1] 8 iR ~
8[19891 4| 3 | 2] 9 iR ~
9(1989| 6 | 3 | 3 [ 10 | 1,000 500 A
10[1989[10] 3 | 4 | 11 AR ~
11[1990] 1 [ 4 [ 1 [ 121,000 500 A
1990/ 1| £BE4% iR
12[1990] 4| 4 ] 2 [ 13 iR ~
13[1990] 6 | 4 | 3 | 14 iR ~
14[1990[10] 4 | 4 [ 15[ 1,000 500 A
15[1991] 1 [ 5 [ 1 | 16 | 1,000 500 A
16[1991] 4| 5 | 2 | 17 iR ~
17[1991] 6 [ 5 | 3 | 18 iR ~
18[1991]10] 5 | 4 [ 19 [ 1,000 500 A
19[1992] 3 6 | 1 | 20 AR ~
20{1992/ 6 | 6 | 2 | 21 iR ~
21(1992]11] 6 | 3 | 22 iR ~
22[1993] 1] 7 [ 1 [ 231,000 500 A
23(1993[ 3 7 | 2 | 24 |1, 000 500 A
24(1993| 7 7 | 3 | 25 | 1,000 500 ]
25(1993[10] 7 | 4 | 26 | 1,000 500 A
26/1993[12] 7 | 5 | 27 | 1,000 500 A
27(1994] 4] 8 | 1 | 28 1,000 500 A
281994/ 6 | 8 | 2 | 29 | 1,000 500 ]
29]1994]10] 8 | 3 | 30| 1,000 500 ol
30{1995] 1] 9 [ 1 [ 311,000 500 A
31[1995/ 3] 9 | 2 | 32| 1,000 500 ]
32[1995/ 7] 9 | 3 | 331,000 500 ]
33[1995/ 9| 9 | 4 | 341,000 500 ]
34[1995/ 1] 9 | 5 | 35| 1,000 500 A
35(1996] 1 [ 10 1 | 36 | 1,000 500 A
361996 4 [ 10| 2 | 37 | 1,000 500 A
37/1996] 7| 10| 3 | 38 | 1,000 500 A
1996 | 7 SRA%E #EAR)
38[1996/10] 10 ] 4 [ 39 | 1,000 500 A
39[1997] 1 [ 11 ] 1 | 40| 1,000 500 A
40{1997[ 5 [ 11| 2 | 41 | 1,000 500 A
41(1997] 9 [ 11| 3 | 42 | 1,000 500 o]
42[1997[12| 11| 4 | 431,000 500 A
43(1998] 1 [ 12| 1 | 44 [ 1,000 500 A
44(1998] 5 [ 12| 2 | 45 | 1,000 500 A
45(1998] 9 [ 12| 3 | 46 [ 1,000 500 A
46{1998]12| 12| 4 | 47| 1,000 500 ]
47(1999] 1 [ 13| 1 | 48 [ 1,000 500 A
48(1999] 5 [ 13| 2 | 49 | 1,000 500 A
49(1999] 9 [ 13| 3 | 50 [ 1,000 500 A
50[1999/12] 13 | 4 | 51 | 1,000 500 A
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£ Fr:O00-0000
E| £ A |BRSHEEFS8 |58 BN |EEFXH|EEE BHSHEHE HEMEELE)
51{2000| 3 | 14 | 1 | 52 | 1,000 500 |
52{2000| 6 | 14 | 2 | 53 | 1,000 500 i<l
2000| 6 ®HR H#hiy
53{2000| 9 | 14 | 3 | 54 | 1,000 500 =]
5412000/12) 14 | 4 | 55 | 1,000 500 =l
55{2001] 3 | 15| 1 | 56 | 1,000 500 Gl
562001 6 | 16 | 2 | b7 | 1,000 500 =l
572001 9 | 156 | 3 | 58 | 1,000 500 =]
5812001/12| 15 | 4 | 59 [ 1,000 500 izl
59{2002| 3 | 16 | 1 | 60 | 1,000 500 Gl
602002 6 | 16 | 2 | 61 | 1,000 500 =l
61{2002) 9 | 16 | 3 | 62 | 1,000 500 =]
6212002)12| 16 | 4 | 63 [ 1,000 500 izl
63{2003| 3 | 17 | 1 | 64 | 1,000 500 Gl
64{2003| 5 | 17 | 2 | 65 | 1,000 500 =]
65(2003| 8 | 17 | 3 | 66 | 1,000 500 =]
66(2003/12] 17 | 4 | 67 | 1,000 500 =l
67{2004| 3 | 18 | 1 | 68 | 1,000 500 Gl
68(2004| 5 | 18 | 2 | 69 | 1,000 500 =]
692004 9 | 18 | 3 | 70 | 1,000 500 |
70{2004/12] 18 | 4 | 71 [ 1,000 500 =l
71{2005| 3 1 19 | 1 | 72 | 1,000 500 =]
72{2005| 6 | 19 | 2 | 73 | 1,000 500 =]
73(2005| 9119 | 3 | 74| 1,000 500 |
7412005/ 12] 19 | 4 | 75 | 1,000 500 il
75(2006| 3 | 20 | 1 | 76 HEhR ~
16(2006| 6 |1 20 | 2 | 77 | 1,500 100 =]
7712006| 9 120 | 3 | 78 | 1,500 700 il
781200611120 | 4 | 79 HEhR ~
7912007] 3 [ 21| 1 180[2000] 1,500 |FH
80({2007)6 | 21 | 2 | 81 Hehk ~
81(2007] 9|21 | 3 [8([2000] 1,500 |FH
82(2007/12] 21 | 4 [83[2000] 1,500 |FH
83/2008| 3 |22 | 1 [ 84[2000] 1,500 |FH
8412008 6 | 22 | 2 | 85 HhR ~
85(2008| 9 |22 | 3 [86([2000] 1,500 |FH
86(2008 11|22 | 4 [87[2000] 1,500 |FH
87{2009| 3 |23 | 1 | 88 TR ~
882009 7 )23 | 2 | 89 e ~
89(2009/10] 23 | 3 |90 [2,000] 1,500 |FH
90200912 23 | 4 [ 91 [2,000] 1,500 |FH
912010/ 3 | 24 | 1 |92 [2,000] 1,500 |H
92{2010] 6 | 24 | 2 | 93 12,000 1,500 | &
93(2010] 9 |24 | 3 | 94([2,000] 1,500 |FH
94[2010(12] 24 | 4 [ 95(2,000] 1,500 |FH
95201113 | 25| 1 |96 [2000] 1,500 |H
962011 6 | 256 | 2 | 97 [2,000] 1,500 |H&H
97201119 | 25| 3 |98 [2000] 1,500 |FH
98(/2011]12| 25 | 4 [99[2,000] 1,500 |FH
99(2012] 3 |26 | 1 [100{2,000] 1,500 |FH
10012012 7 | 26 | 2 |101/2,000]| 1,500 |FH
101120121 9 | 26 | 3 |102|2,000]| 1,500 |FH BFY +—FI (DVD)
102/2012/12] 26 | 4 1103[2,000] 1,500 |H BEFY 11 (DVD)
103/2013] 4 [ 27 | 1 |104[2,000] 1,500 |F&H BFY vt (DVD)
104/2013| 7 | 27 | 2 |105/2,000]| 1,500 |FH BFY -1 (DVD)
1051201319 | 27 | 3 |106/2,000]| 1,500 |FH BFY +—FI (DVD)
106/2013/12] 27 | 4 |107/2,000] 1,500 |H BEFY 11 (DVD)
107/20141 3 [ 28 | 1 1108[2,500] 2,000 |FH EFY +—1» (VD)
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