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(Estimation of Road Surface Condition and Tilt Angle to Improve the
Safety of Mobility Aids for the Elderly)

I Es d 3 &, F A
(Gi-Dong Park, Jong-Hwa Kim, Jin-Kyu Choi)

Abstract :

This paper proposes a method for estimating the road surface condition and tilt angle using an inertial

measurement unit (IMU) to improve the safety in the use of mobility aids for the elderly. The measurements of the

accelerometers of the IMU usually include the accelerations caused by not only the gravitational force but also linear

and rotational motions. Thus, the gravitational accelerations are first extracted using several physical constraints and

then incorporated into the Kalman filter to estimate the tilt angle. In addition, because the magnitudes of the

accelerations produced by the rotational motions (roll and pitch motions) vary with the road surface condition, a

criterion based on such accelerations is presented to classify the condition of the road surface. The obtained road

surface condition and tilt angle are finally combined to provide the safety information (e.g., safe, warning, and danger)

for the user to improve the walking safety. Experiments were carried out and the results showed that the proposed

method can provide the condition of the road surface, the tilt of the road surface, and the safety information correctly.

Keywords : Mobility aid, IMU, Tilt estimation, Road surface condition, Kalman filter
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Fig. 1. A mobility aid for the elderly
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Fig. 2. Tilt sensing using accelerometers
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Table 1. Classification of the road surface condition based on
the RSC in Fig. 7

Road surface A RSC < 650

Road surface B 650 < RSC < 2375

Road surface C 2375 < RSC
gHnh o714 71E71E UEhlE 94 7 () 2 B A
(0)9] B4 B3R AABAYAE 97 o5 [12]¢]

3. Hotet= 2nElE

a¥ 82 ¥ AdEH 2 VEVE FASE AA dauds
< YeRd 3 itk £ dAFelAE 7187 Z
7t ZE (Kalman filter)& AH&3ld 2

s omd 24 2Ye 27 ggw 2,

I'|I'

X~
(=

71&7|

W

H 2. =M MEjo| A3t 28 otMY HEo EF
Table 2. Classification of the safety information based on the
road surface condition and tilt angle

. . Safety
Situation .
Information
A and ¢,0 <5°
A and 5° < ¢,0 < 15° Safe
B and ¢,0 <5°
A and 15° < ¢,0
B and 5° < ¢,0 < 15° Warning
Cand ¢,0 <5°
B and 15° < ¢,0
C and 5° < ¢,0 < 15° Danger
C and 15° < ¢,0
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