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ABSTRACT

In this paper, we propose techniques to correct the altitude error and heading error of 3D Pedestrian Inertial Navigation
(PIN). When a PIN is used to estimate the location of a pedestrian only with an Inetrial Measurement Unit (IMU) without
infrastructure, there is a problem in that the location error gradually increases due to the limitation of the observability of

the filter. To solve this problem without additional sensors, we propose two techniques in this paper. First, stair walking is
recognized in consideration of the altitude difference that may occur during one step. If it is recognized as stair walking,
only Zero-velocity UPdaTe (ZUPT) is performed, and if it is recognized as level walking, ZUPT + Altitude Damping (AD)
is performed together to correct the altitude error. Second, the straight-line movement direction is calculated through the
difference of the estimated position, and the heading error is corrected by matching this information with the link information
of the digital map. By applying these techniques, it is verified through real tests that accurate three-dimensional location

information of pedestrians can be estimated without infrastructure.
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1. INTRODUCTION
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Fig. 1. Classification of PDR. (a) parametric approach, (b) integration
approach
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2. 3D PEDESTRIAN INERTIAL NAVIGATION
AND SELF ALTITUDE DAMPING
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PINoj|A] SHAH = Eq. (D3} o] INS &1
t} (Titterton & Weston 1997).
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Fig. 2. Altitude change for each step of pedestrian 1.
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Algorithm 1 Self altitude damping

01: Input: (L"

4 k- I’I:A,Ic)’ W’ P ,H.R

02: Output: 0%,

03: Initialization: k = 1

04:  if the gait type is changed from walking on stairs to walking on flat ground then

05 L, =L,
06: k=0.
07:  endif
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08: if a pedestrian walks on flat ground then

09: k=k+1
10: if k>3 then
1 (L, |<0.5m then
A — -xxT -1 lA’ZL
12: Sk, =P H'(HP,H"+R)"| * (10
\A

13: else, the measurement update equation is the same as Eq. (9)
14: end if

5: else, the measurement update equation is the same as Eq. (7)
16:  endif

17: end if

3. HEADING CORRECTION USING MAP
LINK INFORMATION
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Fig. 3. Heading correction algorithm based on map link information. (a)
algorithm flowchart, (b) Example of exteracting direction information
based on map link information
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Table 1. Specification of the IMU (MTw).

Angularvelocity ~ Acceleration
Full scale +2000 deg/s +160m/s’
Non-linearity 0.1% of FS 0.5% of FS
Bias stability 10 deg/hr 0.1 mg
Noise 0.01deg/sec/yHz 200 pg/yHz
o i D 1
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Fig. 4. Test trajectory.
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Fig. 6. Experimental results - altitude estimates. (a) pedestrian 1, (b)
pedestrian 2, (c) pedestrian 3
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Table 2. Positioning results according to the compensation method.

Statistical Pedestrian - 1
error w/o Comp. AD-1 AD-2 AD-3 AD-3 &HC
Mean 1.643 1.655 1.655 1.657 1.913
2D Std. 1.137 1.143 1.143 1.142 1.177
D Mean 3.143 1.711 1.692 1.660 1.916
Std. 1.728 1.152 1.145 1.142 1.177
Statistical Pedestrian - 2
error w/o0 Comp. AD-1 AD-2 AD-3 AD-3&HC
Mean 2.484 2.478 2.479 2.480 1.188
Std. 2.074 2.051 2.051 2.053 0.547
D Mean 3.642 2.500 2.488 2.491 1.198
Std. 2.120 2.031 2.040 2.040 0.534
Statistical Pedestrian - 3
error w/o0 Comp. AD-1 AD-2 AD-3 AD-3&HC
Mean 4.499 4.434 4.434 4.440 1.589
Std. 3.342 3.248 3.247 3.252 1.013
D Mean 5.252 4.488 4472 4.482 1.665
Std. 3.328 3.209 3.205 3.212 0.957
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