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Pedestrian Dead Reckoning based Position Estimation Scheme
considering Pedestrian's Various Movement Type
under Combat Environments
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Abstract In general, Personal Navigation Systems (PNSs) can be defined systems to acquire pedestrian positional
information. GPS is an example of PNS. However, GPS can only be used where the GPS signal can be received.
Pedestrian Dead Reckoning (PDR) can estimate the positional information of pedestrians using Inertial Measurement
Unit (IMU). Therefore, PDR can be used for GPS-disabled areas. This paper proposes a PDR scheme considering
various movement types over GPS-disabled areas as combat environments. We propose a movement distance
estimation scheme and movement direction estimation scheme as pedestrian's various movement types such as
walking, running and crawling using IMU. Also, we propose a fusion algorithm between GPS and PDR to mitigate
the lack of accuracy of positional information at the entrance to the building. The proposed algorithm has been tested
in a real test bed. In the experimental results, the proposed algorithms exhibited an average position error distance
of 5.64m and position error rate in goal point of 3.41% as a pedestrian traveled 0.6km.
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Fig. 1. An example of GPS-disabled area.
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Table 1. Related work in PDR
.| Position
. . Enviro
Research title Sensor-type | Distance error
nment
rate
New Map-Matching Algorithm
using Virtual track for Low-end 785m | Outdoor | 7.3%
Pedestrian Dead Reckoning[3]
Moving Distance Measurement
System using a Accelerometer | Low-end 1,275m | Indoor 6.3%
Sensor[4]
Robust Indoor Localization on a
. - 22 .79
Commercial Smart-Phone[5] Low-end Om | Outdoor |~ 0.7%
Non-GPS Navigation with the
Pedestrian Dead-Reckoning High-end 522m Indoor 0.2%
System[6]
Personal Dead-reckoning . o
System for Firefighters[2] High-end 1,685m | Indoor 1.5%
Indoor Pedestrian Navigation
using an INS/EKF framework . o
for Yaw Drift Reduction and a High-end 125m Indoor 1.5%
Foot-mounted[7]
Dead Reckoning Navigation
with Constant Velocity High-end 315m Indoor 0.4%
Update([8]
A Robust Humanoid Robot
Navigation Algorithm High-end 324m Indoor 0.3%
with ZUPT[9]
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Fig. 2. DRM of Honeywell.
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Fig. 6. Block diagram of PDR-based position
estimation system.
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Fig. 8. Sensor fusion system using EKF.
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[Pseudocode]
01. Get GPS(latitude, longitude), PDR(PXm, Pym), SNR and satellite number
02. Coordinates GPS latitude, longitude -> GXm, Gym
03. IF [satellite_number < 4 || satellite_SNR < 10]
04. environment = indoor
05. ELSIF [satellite_number >= 4 && satellite_SNR >= 10]
06. environment = outdoor
07. IF [environment == indoor]
08. position = position_PDR
09. ELSIF [environment == odtdoor && last_environment ==
10. IF [distance_PDR_GPS < EPE]
11 position = position_PDR*0.5 + position_GPS*0.5
12. ELSE
13. position = position_PDR
14. ELSIF [environment == outdoor && last_environment == indoor]
15. IF distance_PDR_GPS < 3
16. position = position_PDR*0.75 + position_GPS*0.25
17. ELSE
18. position = position_PDR
19. last_environment = environment

outdoor]

Fig. 9. Pseudo code of fusion algorithm of GPS and
PDR.
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Table 2. Distance table of path #1
Section Distance(m) Section Distance(m)
a 41.1 m 294
b 32 n 294
c 38.6 o 29.6
d 17.3 p 46
e 40.1 q 49.8
f 14.8 r 15.8
g 14.7 s 16.75
h 9.9 t 9.1
i 30.1 u 174
i 9.9 v 25.1
k 16.1 w 3
1 87.9
Total distance(m) 595.12
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Table 3. Distance table of path #2

Section Distance(m) Section Distance(m)
a 38.71 m 273
b 16.81 n 51.6
c 17.80 0 25
d 76.30 p 18.6
e 4.15 q 8
f 90.60 r 15.8
g 11.05 s 12
h 32.00 t 55.92
i 40.45 u 12
] 47.50 v 68.5
k 27.30 w 49
1 43.90 - -

Total distance(m) 788.12
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