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Abstract

The main purpose of navigation system is helping the people not to
get a lost when they are outdoors, and can provide the precise and
sufficient information and guide them to their destination exactly.

Nowadays, the most popular and in widespread use navigation
system is the “Global Positioning System, GPS”, that developed by
U.S.A. Utilizes the artificial satellites for broadcasting radio signal and
the receiver to obtain the satellite signal, then positioning the location and
determining the moving velocity and the course.

Because of the GPS, we can do the global positioning and navigating.
The GPS has been widespread use in the fields of land measurements,
aircraft navigation, and especially for car navigation. Although the GPS is
sufficient to do the car navigation, but it still has some constraints on the
field of pedestrian navigating. For example, while GPS is static or
moving in low velocity, it is inaccuracy with positioning and course,
especially it cannot detect the declination when make a U-turn. This
makes the GPS inaccuracy with pedestrian navigation.

To conquer the limitations of GPS, some electronic sensors can be
auxiliaries. The electronic compass can measure the magnetic declination,
detect the moving direction. The accelerometer can detect the moving
acceleration, that can be transform to moving velocity or distance and
take advantage of dead reckoning (DR) algorithm, make the pedestrian
navigation possible.

Basically, the electronic compass detecting the moving course, it
always is a constant value. So how to measure the step length and the
stride is the main issue of utilizing DR for pedestrian navigation.
However, everyone their walking frequency and their stride in single

step’s behavior are different. If we can make use of some kind of artificial
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intelligent algorithm for learning such a walking model, and make the
navigation system has an ability to learn, then we can accomplish the
GPS for pedestrian navigation.

Regarding the artificial intelligent algorithm, there is a research
about the neural network for pedestrian navigation system (PNS). But the
disadvantage of neural network algorithm is that the calculation is too
complicated. It cannot meet the requirements of real-time navigation
system. So we try to implement another new algorithm for PNS.

For applying a new method to PNS, we need a rapid and stable
algorithm. The Particle Swarm Optimization (PSO) algorithm is one of
state-of-the-art artificial intelligent technology, and got a good appraisal.
So, our topic is implementing the PSO for pedestrian navigation.

To make a comprehensive survey of our research, we apply the PSO
algorithm to PNS. While the GPS signal is good, it is the target of PSO
algorithm and learning the parameters from GPS signal. While the GPS
signal is weak or it cannot be used for positioning, we use the result that
comes out from PSO algorithm, and make use of DR for navigating.

According to the result of our experiments, it shows a good
consequence, and makes the GPS application expands to the PNS using

the PSO, is the contribution that we have made.

Keywords: Global Positioning System(GPS), Inertial Navigation
System(INS), Pedestrian Navigation System(PNS), Dead
Reckoning(DR), Particle Swarm Optimization(PSO)
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] 3.3 GPS th%_i= Ja 72 [3]

3.1.2 GPS id 3 4 w [22,23]
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Savitzky-Golay Filter 2 & H_ 35 0 - 2 4 # i Hc T
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SN B R B {2 T o 4ok 3-5 % §] 3.5,3.6

B
#. 3-2 Savitzky-Golay % 78 ;% 4 48 % #[26]
m |y |1y Sample Savitzky-Golay Ceoflicients
2 12 |2 -0.086 0.343|0.486|0.343 -0.086
2 |4 |0 0.886 -0.143 -0.886 0.257|0.886
2 |5 |5 |-0.0840.021 0.103 0.161 0.196(0.207|0.196 0.161 0.103 0.021 -0.084
4 |14 |4 0035 -0128 0070 0315|0417|0.315 0070 -0.128 0035
4 |5 |5 |0042 -0105-0023 0140 0280|0333|0280 0140 -0023 -0.105 0.042
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fzo 5 88 T 5k B (Moving Average Filter, MA Filter)
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3.4.1 ¥ & 1 B|(Step Detection)
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Step Detect Algorithm :

A _step detection:
1.if the sign of {gz(t) - gz(t-1)} is changed ,then
if the sign changed form + fo - then
gz(t-1} is the local maximum

if the sign changed form - to + then
gz(t-1) is the local minimum

B .false detection:
1.if the sign is no changed(changed for - to - ,or changed form + to +) then
eleminate it.

2.if the max/min acceleration value are between the [-RMS +RMS] then
eliminate it.

B 3.9 & thipliw s 2 [18]

3.4.2 # tg3* & (Stride Determination)

HgFA @B & B A NTIEFAN IR E X F A DB Y H
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3.43 7 £ 8 ¥ (Intelligent Learning)
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v.(k+1)=wv. (k)+c, xrand,(pbest (k)—S,(k))
+c, xrand, (gbest(k)—S.(k)) - ...4.1

Sk+D)=8,(k)+v,(k+1) o o, 4.2

He o+ a8 F i % kt1 S fpi? g Bow 2 L S5
c,c, » B Y F1F o rand, ,rand, 5 3T 0~1 2. FF g% 8 30 5% o phest, &
o F B E o ghest 5 2B EE 0 A S(k+1) 5RF Q¥ k]
TR g EmE o

ARESS Ak RS LA R AT
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Pt R 0F { &R AR

4275 F A
foF FHECE IR 2 2 B AT
1. Initial :
B F FAAS T RS AR E R T R BB R
2. Evaluation :
g i s 3 B BT il 0 T S H N .
3. Fine the pbest :
B E I R WL F EARY & f2 0 7T L pbest

4. Fine the gbest :

—

L AAOE S R

i

g s B W
gbest ©
5. Update the Velocity :

o HE L FE 22 BB 41 7 0 o EBIFE PR

g P A 8] 4.2 FroT
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1. Initalize
#7746 A A B KL F- 2 AR AR

2. Evaluation
HE SRR T 2 i R

A

3. Fined the pbest
FEFE—k T3 8 AT &k el FE AR

A

4. Find the gbest
& B A AR e i S
3| B AT &bk ey A {E R

5. Update
PRk X R E A F

6. Go to step?
2 T o H Ik R

A=4

R

B 4.1 B+ EFE Y2 IARR
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For each particle
Do {initialize particle}

Do
{

For each particle

Calculate fitness value
If the fitness value is better than the pbest then
set current value as the new pbest
}

Choose the particle with the best fitness value of all the
particles as ghest
For each particle

Calculate particle velocity according equation (4.1)
Update particle position according equation (4.2)

}

IWhile maximum iterations or minimum criteria is not attained

B 42PSO F & 2 mH 45

4.3 if J& & 3V (Fitness Function)

RSB RF PEREESETERZ S B Sdt F e
PEEFRINAEPSO P HAFR o« AAET P 5 AP Z Phte
#OREFTH B AMPIE F 220 FHFENGE > TR RALZ
%~ PSO- 12 GPS e 8Lt 5 ¥ % > £32/7 DRIFE > @ a i

DB T AR ST o TP A PR S N R AT

£ (k) = [Seps — S St =V|Amax—Amm ke 44

-,-E': ¢ Sgps{‘;} GPS ?Lﬁ%r 2 ‘H‘&E' > Sins "kd IF' H %’ﬂ”uﬂr';)‘l‘7

HEEE o B kB2 E o

AR GPS 2B RRE Y ¥ % > d PSO &8 2 %44 ;82
Bl e s kY MR L BB GRS A 44 X5 1
FITH B2 E
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N = 2L

T &K A

A2 FERATE R DR ARV A client¥d % serverd - Client
s 3R Lk % ”L%#%PIEC‘JGPS?L%%J DRM 54 >
serverzg B £ {7 5 & 47 % PSO/Eﬁ'—n ER TR R Jal T2 B
B o
5.1.1 Client =% F 23k #

(1) # %8

1. GPS # ez

2. DRM ti- % (Dead Reckoning Module) °

3' ﬁ'}—’( PN ;\.l ‘; o

-l fﬁ?%%}’iilﬁ{’,—’ﬁ# 7 wince 5.0 H 7% & e
GPS 4t » % (W 5.1) £45fd T3 B = fhteid kot inlf

MR B e iE 7R B [33,34] -

(a) (b)
BlISIF%EEFHEB QL B b)F & B

A AR 5.2 4757 o f dei RE T RE AT e D PR R
BaenPC2 ha@#i GPST 5> @ GPS Bfch-ep| g 5|
GPS T [ if 3% o
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38 o ik 4K
HAAM312B LI A
I ¥ofe Im%ﬁ;l
T RE \
YAS526B

k / GPSF &
GPSH i % N\

s NMEA $ﬂﬁ%$]
GPS3RLE ASCIT & L) (COM Port)

A

Bl 5.2 A R 1 BB

(2) #%E -
1. #2;8# % 1 £  Microsoft Visual Studio .NET 2005 -
2. FTatfc ke
— DRM Driver : 1I°C protocol # B DRM 3L o
— GPS Driver : 14 serial port protocol 3§ B~GPSehg L o
- Logger Program : % 4DRM 2% GPSehf = % o
d 3% GPS #Bijafe BRI S 4L L 1Hz & Fji3 0 T -
Foodm H T HFMHAER AP EL e SRS L S8Hz T A

2

125 ms B~ F - =% o

5.1.2 Server ¥ 3 2K %
(1) # %8
1. A TP PCe
(2) #cky
1. #1312 © Microsoft Visual Studio .NET 2005 °
2. L1 E
— Gps Analysis Program(p 7 F %) -
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— uBlox Program -
— Google Earth Program -
3. wmhkz{iE
- WME T % it (MA Signal Filter) -
— Step Detection Algorithm o
- PSO Algorithm -

— Dead Reckoning Algorithm -

513 # e =%

Yo 2.2 &riE 0 SFE F R R PSR < o A PR R
AT L RIRE B SR U RD @ AP BRDA R P T AR
TR AR Sl TR 22N g Bk kA HIRL R
& 445 FA R -

(1)DRM & 9 2%

HRRERD RS e FRLG 60 f) 2w Hiesoird T

Fik 221 Eeritenied 9 F kPR HEISEE o

Signal of Yaw : [AVG = 348.988072 , RMS = 0.713305 , COUNT = 503]
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Time(s)

B 535 Redd 4% 49 5% A 47- B 4030 5

FIS3 AR+ REFAFOREAE - T3 REA L ABLR

AETERD TR B RAEL 0 5 R PWHE
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T APHAEF g c Hig k4T

Signal of Yaw : [AVG = 348.988668 , RMS = 0.564851 , COUNT = 503]

OERE g g Rel EFRIT R ok ER o
S [LULE AR MRATE AL AE ﬁ?%?iﬁ%ﬁ%%ﬁ,

-0 3 10 13 20 25 30 35 40 45 a0 33 &l
Time(s)

B 5.4 73 Rif i 7 %A 17-MAMR=L=2)j it

Signal of Yaw : [AVG = 348.988663 , RMS = 0.638973 , COUNT = 499]
351

e Ny PPt Eﬁa%ﬁﬁﬁ 5 Qﬁfgfﬁﬁ P % %
245 %HL& g@ﬁ 0%%%&%% ﬁ; lorl JIREE Btol, H%Tﬁ%ﬁl@}&

Andleldeares)

Bl 5.5 & F B4 5L F % A $7-SG(m=2,nR=nL=2)/ i

bR A 5B MA Rt 2 (8 L %32 ERMS)H
0.716 % 5 0.563; 7 5 SGipk & L ¥ 2 ERMS)P % 5 0.638°
TS B A RA 2 BT MR ELAREER ] TR CEAL
MA gt 2 i % (B 5.4)R g SG jaiki2 e % (B 5.5 2 MA
Tk Ee B SCG HHH > A MA Rk S EFT % -

A2 phteid Rm 5 o BEARAVI R gt S Bl A i
Lo RS R EEHEAELF DR RSFIEE > SR BT 25 4.6

FUo i REHE A NERFEE PN 4T

33




a B F b B E(m/s%) o

xyz 7

v, it B iR el LR B (volt) <
Vi teid Bk B Og BT R RIS TR B (o) ©
v the il B B g PR R el TR B (volt) ¢

g F 4 ik B E(98Im/s?)

Signal of GZ : [AVG = 417.568151 , RMS = 0.310290 , COUNT = 449 , STEP = 224, GDISTANCE = 0.000000]

5;418:0 {m % ﬁ

€ i M&ﬂﬁ xrfﬁé%mmﬁmmﬁ
LR Ia S Tl R
J41:.0 f { 1

Bl 5.6 4cif B &k & Og F¥ » i MA(ML=nR=2)ik i 15 el 5

Signal of GZ : [AVG = 661.817488 , RMS = 0.459065 , COUNT = 406 , STEP = 203, GDISTANCE = 0.000000]

664

663

avity(mfs2)

5 662

Gl

661

Time(s)

B 5.7 4vik B ke lg P > 5 MA(ML=nR=2)if ik 1é e 5t

4 BIRIE A Og PFH Tiodci 41757 7 b lg PR T oM L
661.82 5 F]pt o (2.2)7% 7l i 2 {5 chbe i B B hoT B AT
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Signal of GZ : [AVG = 9.809899 , RMS = 0.018438 , COUNT = 406 , STEP = 203, GDISTANCE = 0.000000]

Gravity (mys2)
w
[na)
Ln

Time(s)

B 5.8 4eid B tht lg F¥ > © 536 MA(nL=nR=2)i ik {4 chicig B &

(2)GPS & 5 %

PR EE B GPSEL A e 3 o A A B K 30 45 0 B (T
GPS HERF % od B S9 Far> APHREY T =fHFER |15
oo HER A

a

B T

SATFTRI Y AL KL

B 5.9 GPS = i#H &R F %

52 F miBAT
52.1 % p b
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A% 3u5 Lei Fang % 4 chfT 3§ 1 g &SRR SRR
A
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R R Ak T AR
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| FEPRELNTRT % FGPS Tz 2 o
2. LHFFHER 360 RREBEELE T RERL  XEIR

an o
4. FAFMNIEIFOERVE RRFEFF -2 HBL 5 E
“ROFLRLEALBR O FERFTRE

36



FETRAEY o
6. B 2218 » #%-PSO*E Y T4t DRESIHE -
7. #0718 gt 2§~ Google Earth 425% ¥ > vt 2 PSO &2 GPS %

d 2.2 0 F BT B T 2 FBLE R

523 FHRER

¥o- PR B BEE & 440 GPS ELT (T o fFk 2B
VoA R BEF O VRER AR ORS > GEE LT A
Benz B2 A ehX ZRT O 2 o a 5 h- RO %Y > F &4
4B GPS T g s f S BV EH L A BT F o4 F
BTk BE AR Ack 5-1 97

#5-1 F%BHE AL

ok [eh(om) | $- AR | SR SN R
EFT RPN
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2 AEcgd 1A

A2 94 LaEBIE | ApcgimER
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Preeds™ 15 R4

£ 24T 20T H S B PR B A d i kTR el
BRI E TR s 216 A 0 ¥ ERIT R R RN

Jﬁ » 4o @] 5.10 #1757

Signal of GZ : [AVG = -10.963708 , RMS = 3.963383 , COUNT = 432 , STEP = 216, GDISTANCE = 160.257388]
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““E'“-ID
MH\'”\HI it
= LA (WIS u ‘]
15 DAL e L e
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D:\MyData\pedestrian\94 1+ &\221007 3 E/\iF#5-217.gps
Particle's Parameters:

particles=10

maxSpeed=0.100000
minFithess=0.100000
initWeight=1.000000
finalWeight=0.100000

¢1=2.000000

¢2=2.000000

PSO Result:

Iters=9

Fitnss=0.093934

Index=7

BestPos=0.444448

PSO's Sigma Dist(m)=158.157835
PSO's Start-End Dist(m)=2.066320
GPS's Sigma Dist(m)=160.257388
PSO's Diff(GPS)=2.099552(0.013101)

B 5.12 Al % - P25 PSO 7 &

d Bl 512 hF ik > % PSO B Y Flehr T b i @
0.444 » Fws o 304 (F b2 228 o 2B B2 FAEHRE 2% Y

3158157 2% < @ o GPS i3t B ehim A4 5 160257 2 ¢ 0 3%
£ 502099 2% 3L F 5 0.013 ¢ dof] 5413 47
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D:\MyData\pedestrian\94 £ & A1\201207-A3/)\ 2 E-250.gps
PSO Applying result :

gBestPos = 0.444448

PSO's Sigma Dist(m)=180.518522

PSO's Start-End Dist(m)=2.807418

TAR's Sigma Dist(m)=203.182840

TAR's Start-End Dist(m)=3.106687

GPS's Dist(m)=277.408257

PSO's Diff(GPS)=96.889735(0.604588)

TAR's Diff(GPS)=74.225416(0.463164)

(2)
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D:\MyData\pedestrian\94 1 #\060108-F;§FE=408.gps
PSO Applying result :

gBestPos = 0.444448

PSO's Sigma Dist(m)=298.915925

PSO's Start-End Dist(m)=5.791956

TAR's Sigma Dist(m)=336.096833

TAR's Start-End Dist(m)=6.569617

GPS's Dist(m)=423.554008

PSO's Diff(GPS)=124.638083(0.777737)

TAR's Diff(GPS)=87.457176(0.545729)

(b)
B 514 Al 5 EFHRPSORILFTE @etp@ | oF ka8 1 ¥

md PSO/FE X /* DR Z 1.4~1.555%2 1.3 ;89048 iz ) &k ehgs,
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LY T}
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%52 PSO#E 2%

T % (k) | K E(PSO) | § %% (1 )% #c | GPS(PSO)SE#(m)
A1(94) 0.444 217(216) 160.25(158.28)
A2(94) 0.489 116(115) 93.26(90.15)
A3(94) 0.477 128(123) 96.65(91.07)
B1(100) 0.554 108(110) 92.71(89.53)
B2(100) 0.494 118(116) 95.96(91.84)
C(108) 0.522 106(107) 93.73(96.13)
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