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Fig.1 Camera position and direction
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Table 1 Distance between the centers of the hand and the handle

Diameter of the circle | Longitudinal length of the | Horizontal length of the
back of the hand (mm)

handle (mm) back of the hand (mm)

Distance between the centers of
the hand and the handle (mm)

50 105 90 20
60 105 90 10
70 110 100 5

Al
o
H
R
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A point G, ;—’) is max of pixel value

0,0)

Fig.3 Example of a distance image
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Fig.4 Layout of the camera and the valve

Fig.5 View of the valve from the camera

7o e T
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Fig.6 Raw camera image

Fig.7 Binarization image

3

Fig.8 Distance image
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Fig.9 Contour plots image

Recoding— OFF
Noise : Median Filter

Fig.10 Region recognized the back of hand

Fig.11 Optical flow on the back of hand

WTWENS EHENERICEIT HNS. HffioEd e
HICE N LU TL %7259 60 fps WA FE Tl 7ZHIS T X
BHAATHOVIUX, BEFEISOEIE, IS DM
BEIIRTED DT, AFEOREIXETE LTERED
M ENHRFCE 5.

Seib Uz, 5 EIIE Uik 60 % Z BRAd U 7z 108
JETF— IR LT, HEKUEL % THBOIMN LIRS R
7 Table 2 ~\7x9". Table 2 ® Velocities D 171, &
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Fig.12 Boxplot showing the measured valve opening velocity
Table 2 Variance analysis by Excel 2010
Source of Variation Sum of Squares  Degree of Freedom Mean Square  Variance Ratio P-value Critical F value
Diameters 169 2 84.5 6.3 4 x 107 5.25
Velocities 694 x 10° 2 35 x 10° 26 x 10° 12 x 107 5.25
Interaction 112 4 280 2.10 0.1 3.89
Within 480 36 133
Total 702 x 10° 44
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D K 21 4R BA 1, http://www.fdma.go.jp/html/
hakusho/h21/h21/html/k1311000.html

AT ABAREIEER] | hitp://www.khk.or.jp/activities/
incident_investigation/hpg_incident/pdf/jiko2506.pdf.

10. 3¢ F H i (¥ H Bl %) | hitp://www.pecj.or.jp/
japanese/safer/operation/doc/no-322.doc.

i 29— C ALY =T HAER - 15WHE,
http://www.kinreiko-marutoku.com/safety/images/04.
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Image Recognition Method to Measure Angular Velocity from
Movement of a Back of Hand for Safety Education

by Hirotsugu Minowa f , Yoshiomi Munesawa " and Kohei Hashimoto ANl

The realization of training of virtual reality is expected to prevent the accidents caused by human factor. The benefits of
training in virtual environment is a realization of training in a simulated real environment. However, there is a problem that a
trainee cannot train in the simulated real environment because there is no user interface (UI) to transmit the valve operations
which is basic manipulation in the industrial plant to the training system.

In this study, we propose an image recognition method for developing a valve manipulation UI which aims to realize the
training of valve opening manipulation in virtual environment. The method to measure the angular velocity of the circular
handle of a valve utilizes the optical natural feature points obtained from the hand turning the handle. The advantage of our
valve manipulation Ul is that the UI can construct easily by popular products such as PC, web camera.

Our method was revealed to be able to be applied to the UI of training system for worker to train valve operating
manipulation which assumed fire risk because it can measure the velocity of 22.5 ~ 90 deg/s.

Key words : Image Recognition, Virtual Reality, User Interface, Valve, Plant Safety
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