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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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EFEFHLT g T FR PR AT R ER R o
15 GPS #fc Bl B3 X117 Ba TR AP E D p B

B

Q) ¥ o 3 HIA

[

A EHE FHFEE @R E ke g H D

A

PR EOD SRS BHE SR T S HT A LR

b

BT T S % GPS B0 B kB o

Bl 3.2 GPS ¥ & # 4|37 & B[4]
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() v HHAE

#h 3 157542 Mhz A4f 5 > 72 ¥ & 3 g T E E
(Ephemeris) 2 # /& (Almanac)=1; 55 > @ GPS £z B jcfFh o1
AT E S FWRERE T T A R s B

)i\—%r{,,;p?]?yo

3.1.1 GPS & iz 1L

GPS she iz & §J|* 2 F ¢ cnz Bhe im RIT o k&G &k

7o - BFEEFSOTE T PR N REFE Y GPS BT E T
A B R Bk L PR L Cl Fh 2 GPS e Brr i

FEEdE 2 R20 P GPS e Beni= 8 ¥ it £ 4 ClL Flw » X Rl 5 &
oAy b iniE e - ghE o
¥ ORIE T F =4 GPS Gk iz} 2 R 0 Bk & C2 foR2 >

Pl GPS B jc Behiz ¥ #-42 C2 2w » W R2 2 XjEehzka b oo

=\

T ERT % =238 GPS Fh chi> ¥ % JEIEPF > Bk A W 5 C3 e
R3 > ] GPS fc Eeniz i~ #8402 C3 5 [l » R3 5 X fmen¥

BIkw - oo
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] 3.3 GPS th%_i= Ja 72 [3]

312GPS /i w

< FRA 1 GPS BB H ﬁ%ﬂ!?‘ﬁi & * NMEA &8 542 o gt — £ &
R d £ BRI E T 5 5 ¢ (National Marine Electronics Association,
NMEA)#t4] 2 [22,23] « #3727 #7173 4id T+ &R B il 3R
$OF BT AR 2 @ TR G U %0 NMEA R A

=

01800182 %2 0I83 = > v fAe P F = BB > FlE %=/

-

4. (NMEA-0183) “® =+ @ﬁ%lfﬁ? BAhe e 77 NMEA-0180

¥ NMEA-0182 #737 ¢ RS-232 % & ¥ » @ 2 X % 47 EIA-422

1ERERG o AT BESTAN F S F 0 4 NMEA-0180 ~
NMEA-0182 % -

NMEA ®:3\#7@enFR LEH &3 RR7IFF T8

(American Standard Code for Information Interchange, ASCII)z. + » v
q_1 @ﬁl?l #1 =+ (Sentence) e 3¢ @%J TR E-BoF g F iR
B ooom g drdas T10 -1 13 ) 5 % & (%7 ASCII ¢ ¢ Line Feed
7§ fr Carriage Return #§) o @ 3-imhft 38 7 S pR[21] o
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% 3-1 GPS 2 4 & Sdic

iy
ik

b

B

e

i 3R A (Protocol) RS232 NMEA-0813

i 340 & (Baud Rate) 4800(bps)

# #4 4 7o (Data Bits) 8

[5) 4z # & (Parity Check) none

% L 4 72, (Stop Bits) L

2 1A
1§ 1 34,k #i(Inertial Navigation System,INS)i & & 4% 7 1+~
RS - B fE% (inertial frame) » fF o IR 8 eteid B foidd
ERKRZMEH S el ARARFLEFE B 2 E R
PARE T 2 F kTR B B A eniank s e
B R Rk S AeiE R A PO IR R o 1 A a4 B e
A B RSB U (S e R B X PR A A R
e R A S ST S
] L B RS S EAL o AT B R B 4 AL

" JF U PRAIRAE o

321 2= RmiE
(1) =+ P4 i 2
i RehT = R EJI* 4 @62 207 LRI L

P s PR S TR T - Bl

gk, gt 2§ L 3 x4 52 (Dead Reckoning,DR) o

i~
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f
) ER AN TREPE ABR 21 5n
BB m s Ea R N BRLERN o TIL > E S AT — Bl (e ) P
EFFRTEZFEOI R FHREFRNIENR > BT - B R

B (pu2)Fd NT X5 A

@2 =sin"' (sin@icosd +cos@isind cos@) o .................... 3.1
A = tan"'( sin@:sind cos i 5
Sosd —Sinrsing e 3,
- AL
Pa=modC =Ty 3.3
27



rff’)}_i_"} v B 4o I '\:L'ﬁar Py‘i/g"% —;E; ’P%J\zy‘img 4 0 MR 4o #‘
BRpI i A& AT E BR[26-29] o

33.1 #F i

I e > - AF * 357 13(Root Mean Square,RMS): £ /7|

BELEAFLRE R - H3P 0 o504

2 ~ B

e op SHERBE Iy 5 E- LTI THRTE

n P LF AL e o

)
=
o

34

dONRRR R & B AE SR (R F )T o TR R T e
P - T A - BRI F R nBeE (G R S ) o B AR
BN A2 B REHRET R AR RS AR R AE AR
AR o Bt m T o HN R BRI PRT 0 F U M gk B
(Low-Pass Filter)#-3e 3t g » ™ # F] vt T 7 e 5L o
BT I il gk B¢ o & ¥ ihE_Savitzky-Golay(SG)
Filter[27] o H #cF 4 77 387 14T 50 ¢

g0= xS o 35

i=—n;

BP o g) LR T R E AR RIE S n,

B2 W RSB, 5 AR BeE R RSIES o, AL
g GRBE A SO R AR g R E o
VAR A e T8 BT L UBL T kT
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Savitzky-Golay Filter 2 & H_ 35 0 - 2 4 # i Hc T

Jnp) s,

B o

flnp) BiEE (82 Eavdk— BmbFend B Ndrfpt-md g

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

.-.hcfnr-cl""'mwwﬂﬂl 'I!,"&"""ﬁlll.'ﬂ"}]l
Tl ww T Mﬂ'«w | W W .wjv

EI\J-ILD\OD

0 200 300 400 500 600 700 800 %00

Bl 3.5 AT AUT 2 R 430 3E[26]

g :_| LA B B B l'ph LI I B e B B B e I,.II T T T |_1;_
6E after S-G (16,16.4) e 'u,: AN '| ﬁ htt 4
4F / 'f-,ﬁ { ‘ ’ \ H f[ B
2 E | =
~E _,ﬂr" \-\«\ \ )E
U?‘I-rl m“’?rl | TR TN T T T N T S | |‘r(|r\-|/|V| Ll ‘l‘u.;\—"'I-JI |AJ| |]‘\| L '

0 100 200 300 400 500 600 700 800 000

W1 3.6 % AU 15 2 3% (m=4,n, = ny = 16) [26]

8 :_I LI L L L L 1 SOy L L BN ML L I-‘ll TT .| T |_J_:
6F afterS-G (3232.6) / \ H\ i fh ﬂ E
4 / AN, \ | \ ¥
“E - INE
0 .#{'T\I"’ﬁ |/|‘_\T\/|/'1|ﬁ|‘| PRI T N T B |—\?‘4|f\| Txl_zlﬁu L1 il-’\l'_lljl 1 | L1 itl 1“’7_'

0 100 200 300 400 500 600 700 800 000

Bl 3.7 T RS 2 M E(m=6,n, =n, =32)[26]
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BT e oy, AR UL AR R AR > fe B AR

AR e A EEEM YR E kR
Lo

'g;’n[, nR’-E' /(nL+nR+1)’nL_n nREE'?,E]IJ;\: ??E?TL:‘;
if(tﬂ')
= o e, 3.6
g 2n+1

d P RF A gOF 5 fe-n) L frn) 2 K ATTIEE o @ b5

fzo 5 88 T 5k B (Moving Average Filter, MA Filter)

3.4 4 (7 HEuE 0N A 4T
PNS Jib # = (=48 i3 % chld 4EBE £ 30 7 i 9 FEARE B o @ o B X
AR 4ER AT SR F enid P 2 b tg e E pI[24] -

3.4.1 ¥ & 1 B|(Step Detection)

Bl 3.8 4 {7 A_FF2 4 T HOS R
EJIA.& f—r &m#;ﬂ"h‘“\ y ¥ A A ’&_f—? iﬁjp’i‘?ﬁ?‘: y A 'Egj‘i_:‘\;
i E o Bk pE o ARE AR h
Bie ARhE oy RAas gr 3y P THEFF -

A F A AN T e R 2 FRE BB AR PR R F R

B YL oA S F AR T
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Bt s mamah IPEg e MR e F L prEgl AR
RITIFE 2ATRIARSTEFASREY - L Fof% > § a3y 1
.&%iaﬁ&ﬁwﬁ@%%’4%%ﬁ@@%&i%ﬁ:$fwﬁ%
PEf i dm B IFERB I AT B ATHE o dopt x4
— W eds (F o @ b - ) EEHL T S by o Ao 3.8 T e

d LR A AT BRI 0 A fA S E o (1)1 R %R
Hods ek 119,351 Q)R B A REE W e L [18] 0 @ gt A fE 2
T LA = e R KA R A AT R 3R (2) 0 1 = bt
BROPIFAFAREC(Z phE 4 2@ R)EDRL o« FAFLF 2
Bl PR EL B R REF A ARz b
A2 R o F RAA - b TR d deif Rz T 1

| -

BPIES BRI - BEEEY - BE IR wEo;%'ﬁL N -
o B R 2 LT e Bk kR B (] 3.9) o

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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AR IR o HF L Mg 0 RIAR S A JFIER 0 2 £ 3 & 57 B2 B R o Jeng
Won Kim 3 F  c0#7 3 & £ bt en= (1) 5o § R 77
WER D E@NT B A RS 28(2.1,2.2,2.3,24 %)

7R
N

X

Ak RIS s S s ket R R AU AR
BAg v kg BEFIEEE B3 o @ Lei Fang % A Pl#seid R ER
bt R (2) 0 I 25N 443K e
4407 DK ERRH2ET HE ¥l @ A F]4a R e hLei
Fang % 4 75 ¢ o1 - K E¥E B A O3 < > $30 4 20

BA@mZ o PEFTARS T B(E 2-3)

3.43 57 £ 8 ¥ (Intelligent Learning)

MR R T E B FAE B R T A 2V PR B 2

RE W LR % o
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BAAFIVTLRDBAFTELFL o bldolk BT 6 iz 5 Bl 8
FEopld BPHATESTEEY > R LABHERR U EH L B
e o &R e BRI B R 03 84 £ (Swarm
Intelligence) - 4> ¥ & if i ;% & ;# (Particle Swarm Optimization, PSO )
[30-32]9.— f6.5 F HAMAFESPEL = 2 1% T SR AL B
¥FE > 5
TR D fi#ﬁ?ﬁ’#%ﬁ“d EHTERE A RS R A KR
B AT B o

PSO %_d Kennedy £? Eberhart[30] #73& ) e 8 14 b i (Y J7 &

ek R F - B AN A B RALY iR £

L

Feie

o R - R APEMTERCGE - B2 AR Kk p 0
Wﬁwwﬁﬁéiﬂ B bl E NS E R S E
Be jlamg » fLiFge + (Particle)” » A% Y ¢ 5 #s ey

FF - B ST e TG - B R E R
LB d e v iR o B BRI E > F PHEN KRG E
s BB G H S Ec e B > A BRI ?;uggg_jg "
Lo E SlcicR RS BHATFFRECRI BT T - X
HHEE S oo F SUIEF ST B 3 HOF S EOHNY K di0E
R T,  TU ET SNIE S R ARE I ST F it L e
BTy RREMEAERHEEREE T T - I T FE R B
ot fp N2 E 18 > PSO 1Rpk S Y R G BETE Ik i}
f& e

PSOEL 4 11T 2 gk :
WEH o

\h

ZJ"“

{ A

M

bias

\)\ he e
+

A
S
\ k!

N

{

"
fot.

Vel

S &
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]L_ﬁf,‘g") ’ ?%"?Iﬁ)o
© G ARTHAP RN F

ERBER/RLICETAE a5 B L3 B
peeng o - BERT ALk diE o L5

v

“BRIB £ @ (pbest) " ¥ - B it @ T d PSO #riedrer { 37 i

ARG TS Tk R0 L5 2 ME B (gbest) 7o BT
B B i 1t e dic gbest ¥ pbest PF > 43 PR T 2 25N ke K H

REZ2 LATEE » I 5 R ehfp i 0B iTE G % -

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+ 28 F i % ktl S fpii? 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

A init—Wfina ]
Wi = — —+ B, A = (W ! Wf l)(lterS‘i‘l) , B = Winit — A ° e 43
iters +1 iers

B2 o &AL wia TR EE o iters T B~ cnlp e p >

i E_P o enfp N i e
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w, B € SR A 8 S B 4 A AR R AR 0

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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( B

1. Initalize
F71 k6 AL B R T 20K B

2. Evaluation
Tt Bk 2 i8R AE

A

3. Fined the pbest
R EBFHE BT R B AT &k oy F{E AR

l

4. Find the gbest
& %k TR

5. Update
PR Tk A B

6. Go to stepZ
R e uk S

A

B 4.1 B+ FE Y2 IARR

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
1

Choose the particle with the best fithess value of all the
particles as gbest
For each particle

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

MWVhile maximum iterations or minimum criteria is not attained

B 42PSO 7% i m# s
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4.3 ¢ Ji& o ;¢ (Fitness Function)

F S B AT DRSS E E B A S p o T e
ARG EHNG PSO P H L ER c BAFL Y 0 AP = bk
WIREFH S NERIE R 250N FHEEGNGE > TR SR
£~ PSO> 1 GPS e LI 5 H Y ¥ % > 87 DRFHE » m ez

DB T AR ST o F] P A PR S N R AT

f(k) = |Sgps - Sins ,Sins = f‘§/|14 max — Amin

B o Spdd GPS B N2 MR S Ed F IR ERAT 2

x k O e 4.4

HEEE A kR LB R

A ks GPS 2 UEL R B Y % 0 d PSO i Kk f 44 2
BB o T AEY N EFETEIERERZS LT Y 44 58 10
A A BB

A2 BT R Pk A R ¥ & 5 clientzd % serverzd - Client
e E 1% e ¥ %K TR FIGPSIELZ DRMF AL » 7
serverzy Bl F_iT 2 A 47 % PSO@?“;, BTN E BT 2 e 32 By
B -

5.1.1 Client =% F 23k %
(1) # %8
1. GPS # e -
2. DRM i (Dead Reckoning Module) °

-,

3‘ ﬁ'}{)\;\‘l\f;o
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s

AFHATH P RAE AR A FHE A wince 5.0 5 ITE & Sueh
GPS 4 » £ (W 5.0) 0 £ 4 d T3 Bt = poteid Koo & bl

MR R sk 7R %R ([33,34] -

(b)

(a)
BSIF%RELETHUE QL5 B (b)F 5 B

AR HAc ] 5.2 9577 0 d deid R 2 T 5 R0 ie A il fLR iRl

el PCz2 Aiddi: GPST 5 > @ GPS Bick e p| g 5|Ee

GPS - ;i % -

4 INSH N\

Sdh o ik 4%
HAAM312B
AL SR iR 19CH

- $n 7 sl

EFEE
\ YAS526B /

GPSF &
/ GPSE I % N\
e NVEA $ﬂﬁ%$]

KGPSM}% ASCII % 4+ ) (COM Port)

Bl 5.2 A M2 4~ S

(2) g
1. #5;NF % 1 2 : Microsoft Visual Studio .NET 2005 -

30



2. FTatfc ke
— DRM Driver : 2I°C protocol # B DRM 3L o
~ GPS Driver : )2 serial port protocol 3% B~GPSen il o
- Logger Program : % 4DRM 2% GPSehf = % o
d 2 GPS fEfeflleanBR4g F4k 5 1Hz > 7 & 533 I T4l -
Foeom s i RBFHEE APHELEFE eSS 5 S8Hz TR

125 ms 3 P~ Fok - = o

5.1.2 Server =39 23K %
(1) # %8
1. A TP PCe
(2) 1
1. A F# 12 © Microsoft Visual Studio .NET 2005 °
2. A1 E
— Gps Analysis Program(p 7 B #) -
— uBlox Program -
— Google Earth Program -
3. wEEFRIE
- WME T % gt (MA Signal Filter) -
— Step Detection Algorithm o
- PSO Algorithm -

— Dead Reckoning Algorithm -

513 #FufkBEF %

be 22 Horit o A KRR RS E > AP

)

3

GHATEL K RE B S R A RD o b AF RN R P hT ELE
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TfEA R Ak Sl TR 5 N g ik kA HIRL R

L 4.4 N

Pﬁ‘%ﬂ. m**-l— °

(1)DRM & % 5%

MR HEEDE >0 E LG 60 F) -

k!
1 .
4
T\
q 4
T,
-
=t
=)
3

Tk 221 Eeritadas 193 2 kpl R H ISR E o

Andleldegree)

Signal of Yaw :

350
349
348

347

[AVG = 348.988072 , RMS = 0.713305 , COUNT = 503]

5
E%
===
L
—]
—"

. R

5

TE

.
|

=

=

o=

=
=

Time(s)

BIS3 T+ BU&#ERKAIT-RAIE

BS3 5 FREBAPPRLAL - T3 EAE AEEM
AL ERAFVTORT O BA G RAFL o F T RANBEL T

T ANPHEEFRRA B E AT

Analeldegree)

Signal of Yaw :

350

349

348

[AVG = 348.988668 , RMS = 0.564851 , COUNT = 503]

Time(s)

Bl 54 % F BEELF KA T-MAMR=nL=2)g &
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Signal of Yaw : [AVG = 348.988663 , RMS = 0.638973 , COUNT = 499]
351

_ Eﬁa%ﬁﬁﬁ ﬁﬁ»ﬁﬁg@éﬁfgfﬁﬁ P % %
2 e o LR, A e R R NTLI RIS HRIe HHL U R 8 R
s LA S AN ANk 2 ek z i KAl aara
RS P vy gﬁi% ﬁg ¥ ?g@ S ifgf

Time(s) )

B 5.5 %3 4847 %4 17-SG(M=2,nR=nL=2) /g &

d b g A S MA Rzt 2L %3 ERMS)H
0.716 % % 0.563; 7 518 SG ik 15 3£ % B £ (RMS)R| % 5 0.638¢
FI G E MBI RA LT URELARE TR VR FEAL
MA itk i chis % (B 5.4)R] > SG Rk % e % (B 5.5 & MA
Tk E et B mSGiﬁﬁ AT HEY MA AL NEF95% o

A2 dhteid Rm 3 BRI M g U e S i

Noo A R A E R ITE D N T

axyz:'g"-T ‘? ﬁj%‘:ﬁ)i fE’_.(m/Sz) °

v, it B iR el LR B (volt) -

\

Vagzo v ik e 0g PF AT R R enlg AR R & (volt) o

P-4

Ve il R lg AT E R enis )RR B (volt) ©

P-4

g £ 4 4k B E(98Im/s) e
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Signal of GZ : [AVG = 417.568151 , RMS = 0.310290 , COUNT = 449 , STEP = 224, GDISTANCE = 0.000000]

[:_AI418:D @’ % ﬁ

€ i M&ﬂﬁ xrfﬁé%mmﬁmmﬁ
. LAN % %ﬁ 1) b B e
J41:.0 f { 1

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

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

664

ravity(mys2)
o
h
(%)

x
,
4
™
=

661 ‘E)
23 a0 33 40 45 30 33 &0
Time(s)

B 5.7 4vik B ke lg P > 5 MA(nL=nR=2)if ik 1s e 58

d BlRIE & Og P T3odciE 41757 7 & lg prH T 398cE &

-

661.82 > Flptd 5.1 ;N A7k 2 {5 chteid R IWELACT Bl AToT

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 chicid B &

(2)GPS 03t % %
R BER B GPS ML A A S L F 5K 30 )

GPS B R Ak - d B 597w AFREE T HFER | 1S
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N

AN S S =

7

I

SATFTRI Y AL KL

5.9 GPS % im#f 2 & # %
5.2 F B4
521 95 P eh

23 ¢ Rz RE K E e RpFEERGEE L 94 o n
A s HEm 15170 2 & 108 2> end » H B3 4 G 185 =
e 3N RE A Bk 2-3 9735 > Pl Lei Fang & A #74% d1en™

Sl 2 B F e P mﬁ&%;’é‘_ﬁ\? e e PSO 2 % 2

I

N

B FH L L TP G A MBPRLNSREY AR REH A

-~

522 98>
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AR HRBFHER D ZEF > TR REFFIREALEAH TR
%%%ﬁﬁi%wéﬁﬁ%ﬁﬁﬂﬂ’%ﬁﬁﬁiiﬁﬂﬁm?%é
7 PSO ;% & % JEendi B g o

AABRA AR S - RS FERLEEFPSOEY 2 ¥
BB FREMERZT S RBEAHFTHRIEFRERGTE
2% o PR RS R RaA T A R TR 5 e

f

7"%

e b 2 B 5%
1. B9 %%
2 LEFRER 360 REEEE IS RYRL  SEER

(O8]
3
gt
¥
%T\
o
2
(%
!
P
has)
I
&
14
ik
\_.
o
=
v
H
=3
=
i
il
et
TR
o
!

4 FABENTFARRTE EREE RS- Ao H B R

5. M TR N A R FRM A 47T F 17 PSO T B

5 #-PSO 78 ¥ (7 ing it (7 DR Bifdd iz o
7. #-47i8 ek S~ Google Earth #4254 # > 1t $2 PSO &2 GPS 2
d 25 N ERATHG RIE > = FRESLE

8. 35 PSO #rdifp d et jo H Ao BLes M BLeNfEI 4 2 BAg B o

523 % %%

- FFE T Sk BT R A2 GPS MELTET o FE M

o A A TR LR ERIPHORS R ELT A
Bz B A2 AF X AT G S on & A [FRFPFHY » F 84



4o B GPS RLinE o R S BT E R b A BFEOR B o 4 Y

% T

5.3

Bl >

‘z

Y
fl

R R R SR

BE AR 4ok 5-1 #0

% 5-1 9%RBE AR AR

Py | 2h(em) | ¥-RFEFHRSB | FoHET %Y
Lo p@ ] 2
Al 94 o B

2 R N ]

A2 94 Rt x By | La Fimsmn

A3 94 LdtEBay | LA gingn

Bl 100 LdtEBay | LA gingn

B2 100 LdtEBay | LA gingn

C 108 LidtEBay | LA gingn

P k%5

AEP IR HRYE AL H) 5 P FRR &SR a2

o

et

&P 5.2.2 & ¢ #rif H}%’ %%L%b?aﬁéfﬁ?%iq’%ﬁg“
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D:\MyData\pedestrian\94+#\221007_3#iE/)\i5i5-217.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

Fithss=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
PSQO's Diff(GPS)=2.099552(0.013101)
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D:\MyData\pedestrian\94 £ &A1\201207-Ai/)\ A [E-250.gps
PSO Applying result :

gBestPos = 0.444448

PSO's Sigma Dist(m)=180.518522

PSQO'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)
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%52 PSO#E 2%

F & (L | K EPSO) | 7 (5 R)% B | GPS(PSO)IEH(m) | FFzk (%)
.y
A1(9)4) 0.444 217(216) 160.25(158.28) 98.7
A2(94) 0.489 116(115) 93.26(90.15) 96.7
A3(94) 0.477 128(123) 96.65(91.07) 94.2
B1(100) 0.554 108(110) 92.71(89.53) 96.6
B2(100) 0.494 118(116) 95.96(91.84) 95.7
C(108) 0.522 106(107) 93.73(96.13) 97.5
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