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Multi-class motion recognition is one of the most important problem to solve. We have proposed a framework
which is available to classify multi-class motion and improves the accuracy of motion recognition. In this system,
skeleton features, which consist of spatio-temporal data of position, speed and acceleration calculated by Inverse
Kinematics, are derived from several combinations of local joints in human body and then are represented as motion
features by Fisher Vector parameterized by Hidden Markov Model. The kernel of motion features are selected and
integrated in response to motion target by learning parameters of Multiple Kernel Learning and Support Vector
Machine in the same time. This approach makes it possible for robots to recognize various human motions of our
daily life. The experiments demonstrates the availability of FV-HMM/SVM and this indicates the capability of

FV-HMM /MKL-SVM.
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O 1: Overview of our proposed system(FV-HMM/MKL-
SVM) for multi-class motion recognition.
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O 1: 24 combinations of 4 joints

No. Ji Jo J3 Ja
1 ShoulderC Head Shoulderl.  ElbowL
2 ShoulderC Head ElbowL WristLL
3 ShoulderC Head WristL HandL
4 ShoulderC Head ShoulderR  ElbowR
5 ShoulderC Head ElbowR WristR
6 ShoulderC Head WristR HandR
7 ShoulderC  ShoulderLs ElbowL WristLL
8 ShoulderC  ShoulderLs WristLL HandL
9 ShoulderC  ShoulderR ElbowR WristR
10 Head ShoulderLs ElbowL WristLL
11 Head ShoulderLs WristLL HandL
12 Head ElbowL WristL HandL
13 Head ShoulderR ElbowR WristR
14 Head ShoulderR ElbowR WristR
15 Head ShoulderR WristR HandR
16 Head ElbowR WristR HandR
17 ShoulderLs ElbowL WristLL HandL
18 ShoulderL ElbowL ShoulderR  ElbowR
19 ShoulderLs WristLL ShoulderR ~ WristR
20 ShoulderL HandL ShoulderR  HandR
21 ElbowL WristLL ElbowR WristR
22 ElbowL HandL ElbowR HandR
23 WristLL HandL WristR HandR
24 ShoulderR ElbowR WristR HandR
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O 3: Four categorization methods for comparing. This
figure shows the overviews of each method when given an
input motion symbol.
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0 2: Result of hierarchically-structured clustering. The left figure shows overall views of the clustering in the left-to-right
type. We represent scalable tree structures as circular shape. The upper right shows magnified views of remarkable area.
The bottom right shows the gesture images. The number under each image corresponds to the number pointed out each

ellipse.

O 2: Comparison result of correct recognition rate to all gesture categories when varying the categorization method.
(A):HMM/1-NN, (B):HMM/350-N, (C):Similarity-based-HMM/1-NN, (D):FV-HMM/SVM (refer to Fig. 3).

A) B) ©) (D) A) (B) ©) (D) A) (B) © D)

LtoR | LtoR | LtoR | LtoR LtoR | LtoR | LtoR | LtoR LtoR | LtoR | LtoR | LtoR
1 68.1 15.2 49.4 61.9 8 31.8 28.2 40.6 53.8 15 22.7 26.9 36.3 33.1
2 18.2 18.8 36.3 48.1 9 50.0 55.4 76.9 82.5 16 86.4 81.6 90.0 88.1
3 27.3 0.0 27.5 50.0 10 27.3 0.0 32.5 38.1 17 54.5 58.5 60.0 69.4
4 18.2 30.5 29.4 42.5 11 4.5 5.0 35.0 48.1 18 18.2 0.0 33.1 38.8
5 68.2 0.0 92.5 88.1 12 27.3 0.0 34.4 375 19 45.5 0.0 36.3 51.9
6 22.7 40.1 58.1 81.9 13 100 67.2 72.5 81.9 20 0.0 0.0 40.6 42.5
7 54.5 0.0 66.9 81.9 14 13.6 0.0 36.9 60.6 Avg 38.0 21.9 49.3 59.0
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