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This paper proposes a walking position tracking method using inertial measurement unit (IMU) based on kinematic model
of human body and walking cycle analysis. A kinematic model of lower body consisting of 9 coordinate frames and 7 links
is used to estimate walking trajectory of the body based on rotation angles of the lower body measured by IMU. In this
method, the position of left or right end frame of the lower body which is in contact with the ground is first identified and
set as the reference position. The position of the base frame attached on the center of pelvis is then computed using the
kinematic model and the reference position. One can switch the reference position with the position of the other end frame
at the moment of heel strike. The proposed position tracking method was experimentally validated. Experimental result
showed that position tracking errors were within 1.4% of walking distance for straight walking and 2.2% for circular walking.
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Table 1 Walking cycle analysis algorithm

Algorithm: Walking cycle analysis (RHS and LHS detection)

thresh

thresh

1: Compute o and a,
2: While motion capture program is executed
3: If State = State 1 then

4: Input angle oz

5. If ag<dy”™” then

6: State = State 2

7: Update azlmh

8: Endif

9: Else if State = State 2 then
10: Input angle oz
1 If ap<dy™” then
12: State = Statel
13:  Update atLth
14: Endif
15: Endif
16: Endwhile
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Fig. 5 Experimental configuration for validation of walking cycle
analysis
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Fig. 6 Experimental results of validation of walking cycle analysis
algorithm
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Subject 1 Subject 2
Height (cm) 170 181
Weight (cm) 67 85
a (cm) 33 36
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o (cm) 48 49
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Fig. 7 Attachment of IMU sensors
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Table 3 Experimental results of straight walking

Subject 1 Subject 2
3M 5M ™ 3M M ™
Min 295.1 4897 7128 2920 4904  686.6
Max  309.8 5115 6950 3009 509.6 694.0
Aver 3044 5035 7048 2965 4999 6904
SD 5.7 9.2 6.6 4.2 6.8 2.6

8.0
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70{| m Subject 2

il -}
< B

Measured Distance
w S
(=] (=]

_— N
S O

e
=)

5.0 7.0
Walking Distance

Fig. 8 Experimental results of straight walking
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Fig. 9 Experimental results of circular walking
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