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Indoor Human Behavior Estimation by combining Hierarchical Hidden Markov Model
and Laser Sensing System
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This paper presents a system for estimating indoor human behavior using laser range finders
on the floor. The proposed method uses hierarchical hidden Markov model(H-HMM) composed
of an action estimate layer and a behavior estimate layer. The former is constructed by two kinds
of HMMs: one is the HMM for estimating each action, and the other is the HMM for deciding
the human action considering the action continuity. In the latter layer, one HMM learns each
behavior by using as the features the relative relationship among the actions and the furniture.
Our behavior estimation using such features enable to recognize the behaviors robustly even

thought the indoor environment is changed.
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Fig.1 Floor sensing system using two LRF's
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Fig.2 Schema of our hierarchical HMM for estimating
human behavior
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Fig.3 Experimental environment

Table 1 Result of action recognition for the test data

Recognition results Recognition
Walk Stop Sit Lie Amb rate
Walk | 738 33 16 14 57 0.8510.05
Stop 6 390 15 0 2 0.94+0.06
Sit 0 18 386 5 7 0.924+0.07
Lie 0 0 9 375 17 0.93£0.06
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Table 2 Result of behavior recognition for the test data

Recognition results Recognition
SHELF FRIDGE BED CHAIR rate
SHELF 19 0 0 1 0.95
FRIDGE 0 18 0 2 0.90
BED 1 0 19 0 0.95
CHAIR 1 0 0 19 0.95

Table 3 Result of behavior recognition for the test data
(after furniture placement changed)

Recognition results Recognition

SHELF FRIDGE BED CHAIR rate
SHELF 429 0 27 4 0.8940.008
FRIDGE 6 387 5 11 0.8940.009
BED 44 1 133 0 0.8940.022
CHAIR 2 0 0 213 0.9340.009
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