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Personal Navigation System Using GPS and Dead Reckoning

gMY X Fe

(Jin Seok Hong, Seon I Yoon, and Gyu-In Jee)

Abstracts : In this paper, a personal navigation system is developed using GPS and dead reckoning sensors.
This personal navigation system can be used to track a person inside a building, on an urban street, and in
the mountain area. GPS can provide accurate absolute position information, but it can’t be used without
receiving enough satellite signals. Although the inertial sensors such as gyro and accelerometer can be
used without this diggiculty, the inertial sensors severely suffer from their drift errors and the magne—
tometer can be easily distorted by surrounding electromagnetic field. GPS and DR sensors can be inte—
grated together to overcome these problems. A new personal navigation system that can be carried with
person is developed. A pedometer, actually vertically mounted accelerometer, detects one’s footstep and
gyro detects heading angle. These DR sensors are integrated with GPS and the human’s walking pattern
provides additional navigation information for compensating the DR sensors. The field tests are performed

to evaluate the proposed navigation algorithm.
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Fig. 1. Portable navigation system.
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Fig. 11. Prototype of personal navigation system.
Yo 4 2 TR . ” oy

1000

GDOP

900 +
800 +
700+

600

Gbop

600

400+

100 WL
. ) el

1] 100 200 300 400 500 600 700 800
time[sec]

I% 14, 4% F<9 GDOP.
Fig. 14. GDOP during the experiment.

a9 12, A4F 4.

' , _ GPSE o] &3ty 2A& AL FESIHNE
Fig. 12. Picture of experiment.

&3t By A 19 150

K
2
2
f
o
=
%2



460

FE5Y9 9 AAat= 1Y 169 Yeloh F
9 2719+ GPSHAE AMSslsich a9
d ol Agrt Fkgel wet 2599 X}
S7F ste A& & Ak A4 o]F AgE= 1000m
olal 22k tlE 100molEE o)l FA= Y 10% A=
ol exp7} &R Iy 16904 xFL olF AgloH
%7] o)F T 0~200m7HA = FHiFgHo] AEg
A3 A9 9 AFer A GPSIHE L
F Ao A7 Aol o]FAF 200~500mAte] g
o2F F7HEE ¥ 156004 AXFAM Bl e
27 A& FAR Y B Ao, o]FAE 500~
1000m TZtellME= 1% 159 BAAA w3ke 217}
ZolE31 A7} wpojojA® Aoy, 1 2194
olFAe T3 700~800mAtel ] 2 FoHEL 1¥
209 AR AOA LA BFe A7l FH o] wagst
Fa1, ol AE T+ 800~1000m Alele] 9xt= 1
H 209 BAAANA BFexrt o5 A7) vlo)
ol~g Aol of ANZRE W a3yt 9=
e B2 TS vAe= AL & & U

ke
B

&

x 10° DGPS OR i 2

5.494 A

5.493

5.492 -

[m}

5.491

5491

s.489}F

S T
3182 3483 3184 3185 3195 3157 3488 3189
Im] x 10°

a9 15 530 1y A4,
Fig. 15. Trajectory of dead—reckoning navigation.

DR Position Error
140 T T T

0 . . . . . . . L
0 100 200 300 400 500 600 700 SO0 900 1000
0l & A2l [m]

I 16. =35 DGPS Apol9] 9x 9z}
Fig. 16. Position difference between DR and DGPS.

Hiof - XtS3t - AIAESE ==X ’M7 A K5 & 2001.5

«10° GPS/DR, GPS, DGPS Hl 2

5.496 {7~

54955 /

CTITAN

5493

{m]

5.492 -

5.491 -

5491

5483 N
3182 3183 3184 3185 3188 3187 3188 3189 319 3191

tm] x10°
19 17. GPS/DR K3 #H A,
Fig. 17. Trajectory of GPS/DR navigation.

Pasition Error

250

{m)

00 600
ol &2l [}

1% 18. GPS/DR AlAE! $x 23}
Fig.  18. Position error of GPS/DR system.

4
0¥
it
a»
H

25

misec

05t

0 1!‘30 2!‘]) 300 400 5(‘10 EL:UJ 7Clﬂ 800
Sec

1% 19. GPS/DR #3% &%,

Fig. 19. Estimated velocity of GPS/DR system.

GPS¢} 38 GPS/DR AlA®IY] BailiAm:= 19
173 ), 23] GPSe DGPSY A#}E o] g
Wk RS £7b gastn GDOPY gko] #x)
| GPS9 217} 17}6}‘3% EHx a2} FEAGE
F7FAA GPS/DRE As& AAAZL) olF 7
sk 912 oak= 19 1801] L}EP;EE}. a3 19 A%



Journal of Control, Automation and Systems Engineering, Vol. 7, No. 5, May, 2001 461

Lejol 3 YW Sxojth 1YL AWRW 7]
£To e WS GPSLAR A% Aol: Alzhol
Al wet AP +YHE A& B & ok o)

« 10° DGPS ,GPS/DR Bl 2 :500% 7HX &
]
5494 | v
I + GPSDR
549351 s wev-- DGPS
5493} ¢
N
54925

5492+

E 54915+
5,491}
5.4905 -

549+

5.4895 . |
s4e0f R T . . .
3183 3184 3185 3186 3187 3188 3.189
fm] xﬂ:l5

% 20. GPS/DR ®.3 #3& (500% 7}X) BA),
Fig. 20. Trajectory of GPS/DR navigation (GPS
off after 500s).

GPS/DR Position Error :500% JHA 273

100

GPS/DR ~-eemmmem P DR - >
B0 3 |

[m}

40+

20

100 200 300 400 &S00 600 700 8OO 900 1000
oI §H 2 ]

I3 21. GPS/DR A28 X2 DGPS ¥# A}
Fig. 21. Position difference between GPS/DR and
DGPS.

1 GPS, DGPS Hl 2

54960 7
/

5435 1"

494 /%
sassl
5492}
5431

549

3982 3183 3134 3185 3% 318 315 318 300
iml x10°

a9 22. GPSe DGPS &3 #3.
Fig. 22. Trajectories of GPS and DGPS.

&AM BEZ Wgyl By FoMe ax ¢on
Ag 42 ol @A oAt BRE Aol
I% 208 29 212 AR 2 AN F 5002 F
oHil GPS BAS F£3st12 UHA 2605 2239
o7 Ry Azoltt, sdE AlA®o] GPS AXI}
e FeE 2 FH&se RS ¢ Jdo 1Y 22
T SAZF AAY AselAM e GPSS DGPS A& Y
Bhdl Aoz F AAEIZES Aol Fm ojujolt),
2. Al\_H “6|-t:H Jl_kﬂllézi

APL 7IZ2 20m AR 9mel HAAMAE e HFIE
£ AR o] HAABIR 2980 =ago] U3}
A ol A2E AAsY. 43 FEF 33 #WE
o By AVIAHE o] &3t Uy xo|RE
43 A7 A ARy WHE ojgste A

IS Aed wE AoF o] AR FHE

7, A Wstel] mhE ARGAN g F3 eAE

041% 7 -7 wEe] ARbEAre] don A

BE 0] &3 Aol2 TYZE 93 Aol AHAOR

o] Fo AA R& Bt AF LA AA HR

B3 54 73] Holx= 1% 262 I3 ARE
2 BojFEa glch

¢
_{

L
2

XIS H 0B WY
450 , .

50 100 150 200 250

a9 23, Aol 2ol ot wkek
Fig. 23. Heading output using gyroscope.
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