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ARTICLE INFO ABSTRACT

Article history: Three dimensional (3D) position determination and motion recognition using a
Received 5 June 2015 3D depth sensor camera are applied to a developed penguin-shaped robot, and its
Revised 31 October 2015 validity and closeness are investigated. The robot is equipped with an Asus Xtion

Acoepted 4 December 2015 Pro Live as a 3D depth camera, and a sound module. Using the skeleton

information from the motion recognition data extracted from the camera, the
Keywords: . robot is controlled so as to follow the typical three mode-reactions formed by the
Motion recognition image processing operator’s gestures. In this study, the extraction of skeleton joint information
using the 3D depth camera is introduced, and the tracking performance of the
operator’s motions is explained.
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Fig. 5 Xtion Pro Live structure
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Table 2 Adjacent joint vectors to calculate each joint angle

Angle Vector 1 Vector 2
Left upper arm Neck ~ Left shoulder ~
[0,] Left shoulder Left elbow

Left lower arm Left elbow ~ Left shoulder ~
[6,] Left shoulder Left elbow
Right upper arm Neck ~ Right shoulder ~
[4,] Right shoulder Right elbow
Right upper arm Right elbow ~ Right shoulder ~
[9,1 Right shoulder Right elbow
Whole body Left hip ~
T ~ k
[6,] orso ~ Nec Left knee
head 65
0,
“LEFT”

torso cente

right hip

E right knee
z
x

right foot

Fig. 7 Skeleton Definitions of human body
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Fig. 8 Calculation for real x, y coordinates
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Table 3 Depth measurement error Table 4 The depth measurement error correction
Real distance The measured values Real distance The measured values Error
Error [mm]
[mm] [mm] [mm] [mm] [mm]
800 797.4 -2.6 800 798.4 -1.6
900 899.2 -0.8 900 901.3 1.3
1000 995 -5 1000 997.7 2.3
1100 1097.5 2.5 1100 1100.2 0.2
1200 1200.8 0.8 1200 1203 3.0
1300 1300 0 1300 1301.3 1.3
1400 1401 1 1400 1401 1
1500 1504.1 4.1 1500 1502.5 2.5
1600 1603.5 35 1600 1600.1 0.1
1700 1704.7 4.7 1700 1699.3 -0.7
1800 1803.1 3.1 1800 1795.7 -4.3
1900 1910.7 10.7 1900 1900.8 0.8
2000 2006.4 6.4 2000 1994.5 -5.5
2100 2110.5 10.5 2100 2096.3 -3.7
2200 2212.6 12.6 2200 2196.4 -3.6
2300 2327.4 27.4 2300 2309 9
2400 2421.8 21.8 2400 2401.9 1.9
2500 2521.4 21.4 2500 2500.2 0.2
2600 2631 31 2600 2608.8 8.8
2700 2721.5 21.5 2700 2698.8 -1.2
2800 2818.4 18.4 2800 2795.7 -4.3
2900 2917.6 17.6 2900 2895.4 -4.6
3000 3019.6 19.6 3000 2998.5 -1.5
3100 31225 22.5 3100 3103.1 3.1

— error
—— Interpolation

error (mm)
Hoe oM oW ow
o8 B o8 B

error (mm)

Depth({mm) e Depth(mm)

Fig. 13 Adjusted depth error compensation by polynomial

interpolation method Fig. 14 Finally adjusted depth ermror compensation
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Table 6 The angle values of right upper arm

Region Right upper arm (degree)
Count The measured values Real angle value
1 8° 10°
2 19° 20°
3 33° 30°
4 44° 40°
5 520 50°
Fig. 16 Image of motion mirroring mode 6 60° 60°
7 73° 70°
Table 5 The depth up to torso joint 8 83° 80°
Real distance The measured values|The corrected values 9 91° 90°
[mm] [mm)] [mm] 10 102° 100°
1900 1910.700024 1900.859075 11 111° 110°
1901 1910.800000 1900.800025 12 121° 120°
1902 1910.899976 1900.750245 13 133° 130°
1901 1910.800000 1900.800025 14 142° 140°
1900 1910.700024 1900.859075 15 152° 150°
1901 1910.800000 1900.800025
1902 1910.899976 1900.750245 160
1901 1910.800000 1900.800025 140 //
1901 1910.800000 1900.800025 e s
1902 1910.899976 1900.750245 % 100 /]
1901 1910.800000 1900.800025 {-5 © //
1902 1910.899976 1900.750245 E . \ g pa—
1900 1910.700024 1900.859075 2 " \ v i
1901 1910.800000 1900.800025 /
1902 1910.899976 1900.750245 e |
1901 1910.800000 1900.800025 0 &
1900 1910.700024 1900.859075 oone 1'8“;:[58; e R A8
1901 1910.800000 1900800025 Fig. 17 The histories of the target and the arm angle
1902 1910.899976 1900.750245
1901 1910.800000 1900.800025 A5} 342 Fig. 173 2o] ARE 6H A Table 6] 23} 219 &
1901 1910.800000 1900.800025 3 BHOl Al EAL 2Ho] 022 o] Al b2 P
1902 1910.899976 1900.750245
1901 1910.800000 1900.800025 2 FEAISIAT. Table 63} Fig. 172 HD& 2 F ARl A=
1902 1910.899976 1900.750245 O~dofol 2 A3 et Lejal A 23 SAARY B
1S Axzke g 243 Fig, 178 BA 122 A% AAE0] &
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2 o]%syﬁgq zH olEE 16752 A4sigth o] Be Fo AR hllbs Bl HEat qladare]Fo] B B
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