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A Motion Recognition Method by Constancy Decision
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Kazuya Muraotli2 and TsutoMu TERADAT2T3

The downsizing of computers has led to wearable computing that has at-
tracted a great deal of attention. In the area of context awareness, many
context-aware systems using accelerometers have been proposed. Contexts that
have been recognized are categorized into postures (e.g., sitting), behaviors
(e.g., walking), and gestures (e.g., draw a circle). Postures and behaviors are
states lasting for a certain length of time, which are recognized with several
feature values over a window. Gestures, however, are once-off actions. It has
been a challenging task to find gestures on real environments where gestures
are buried in other contexts. In this paper, we propose a method that classifies
contexts into postures, behaviors, and gestures by using the autocorrelation of
the acceleration values and recognizes contexts with an appropriate method.
We evaluated the performance of recognition for seven kinds of gestures while
five kinds of behaviors; The conventional method gave recall and precision of

0.75 and 0.59 whereas our method gave 0.93 and 0.92, respectively. Our sys-
tem enables a user to input by gesturing even while he or she is performing a
behavior.
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Fig.1 Recognition procedure.
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Fig.2 Displacement detection.
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Fig.3 Acceleration of chop while walking (left) and autocorrelation of walking (upper right) and
chop (lower right).
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Fig.4 Results of constancy decision.
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Table 1 Percentage of gesture recognition while behavioral contexts.

Contexts Without filter [%] | With filter [%)]
Walking 6.8 0.43
Running 6.9 0.32
Bicycling 9.0 0.69
Ascending 36 3.3
Descending 15 0.99
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02 000000000 Recall 00O Precision
Table 2 Recall and precision of context classification.

Recall Precision
Posture 1.00 1.00
Behavior 1.00 1.00
Gesture 1.00 0.98
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Table 3 Recall and precision of gesture recognition and behavior recognition between behaviors.

Contexts SVM DTW Proposal
Recall | Precision | Recall | Precision | Recall | Precision

Chop 0.13 0.05 0.94 0.50 0.96 0.91
Throw 0.65 0.17 0.90 0.55 0.91 0.93
Punch 0.35 0.30 0.60 0.68 0.97 0.93
Clockwise 0.32 0.19 0.83 0.55 0.92 0.90
Anticlockwise 0.40 0.17 0.74 0.55 0.86 0.90
Jump 0.45 0.30 0.58 0.74 0.93 0.90
Kick 0.18 0.37 0.65 0.64 0.98 0.98
Average 0.37 0.21 0.75 0.59 0.93 0.92
Walking 0.88 0.96 0.73 0.84 0.86 0.95
Running 0.81 0.85 1.00 0.87 0.97 0.85
Bicycling 0.93 0.85 1.00 0.98 0.92 0.99
Ascending 0.99 0.73 0.94 0.79 0.98 0.84
Descending 0.87 0.85 0.92 0.77 0.88 0.90
Average 0.90 0.85 0.92 0.85 0.92 0.91
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Table 4 Recall and precision of the recognition of contexts performed by itself.

Contexts SVM DTW Proposal
Recall  Precision | Recall Precision | Recall  Precision

Sitting 1.00 1.00 1.00 1.00 1.00 1.00
Standing 1.00 0.99 0.97 0.99 0.99 1.00
Lying 1.00 1.00 1.00 1.00 1.00 1.00
Kneeling 1.00 1.00 1.00 1.00 1.00 0.99
Walking 1.00 0.98 1.00 0.99 1.00 1.00
Running 1.00 1.00 1.00 1.00 1.00 1.00
Bicycling 1.00 1.00 1.00 1.00 1.00 1.00
Ascending 0.99 1.00 1.00 0.99 1.00 1.00
Descending 0.98 0.99 0.98 1.00 1.00 1.00
Chop 1.00 0.83 1.00 1.00 1.00 1.00
Throw 0.88 1.00 1.00 1.00 1.00 1.00
Punch 1.00 0.86 1.00 0.75 1.00 1.00
Clockwise 0.00 N/A 0.92 1.00 0.92 1.00
Anticlockwise 1.00 0.51 1.00 0.91 1.00 0.91
Jump 1.00 1.00 0.93 1.00 0.97 1.00
Kick 0.88 1.00 1.00 1.00 1.00 0.97
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Fig.5 Recognition results of gestures between behaviors.
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Fig.6 Detailed recognition results with DTW simply shifted over the data in steps of 16 samples.
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Table 5 Processing time for comparison methods and proposed method [msec].

P 1
SVM | DTW roposa

Posture [ Behavior [ Gesture
0.00141

Displacement detection - -

Constancy decision - - - 0.0452
Recognition with SVM 0.0514 - 0.00203 0.0510 -
Recognition with DTW - 34.9 - - 15.3

Total 0.0514 34.9 0.00344 0.976 15.3
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