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A Comparison on the Positioning Accuracy from Different
Filtering Strategies in IMU/Ranging System
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Abstract

The precision of sensors' position is particularly important in the application of road extraction or digital
map generation. In general, the various ranging solution systems such as GPS, Total Station, and Laser Ranger
have been employed for the position of the sensor. Basically, the ranging solution system has problems that
the signal may be blocked or degraded by various environmental circumstances and has low temporal resolution.
To overcome those limitations a IMU/range integrated system could be introduced. In this paper, after pointing
out the limitation of extended Kalman filter which has been used for workhorse in navigation and geodetic
community, the two sampling based nonlinear filters which are sigma point Kalman filter using nonlinear
transformation and carefully chosen sigma points and particle filter using the non-gaussian assumption are
implemented and compared with extended Kalman filter in a simulation test. For the ranging solution system,
the GPS and Total station was selected and the three levels of IMUs(IMU400C, HG1700, LN100) are chosen
for the simulation. For all ranging solution system and IMUs the sampling based nonlinear filter yield improved
position result and it is more noticeable that the superiority of nonlinear filter in low temporal resolution such
as 5 sec. Therefore, it is recommended to apply non-linear filter to determine the sensor's position with low
degree position sensors.

Keywords : Extended Kalman filter, Nonlinear filter, Sigma point Kalman filter, Particle filter
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.M 2

HRE Aoz iey PPEe =9 A=
F2HE Zhlekel fiz|et A9 ekt APA s o
e PRI, E3 YAE viayie Alket 92 AlA 5
tHAlAE of-83ks A4 B8] oM E X5t ALE
ojuf AF| o] HAF W B AdF of R A AA(e]7]
A= BlaYE AdlA)e] et 92| dAkof &gttt
(Simms and Carin, 2004). 23 B2 AiAe] AW 28]
Z| (geolocation, geolocation2 QUE{ullo] AZE #HEE
o] X2 AIE AHs7] ol AMgEE gol2 2 £
wollAle AL 22 A A Qu| ghh)= AFF &
(vehicle navigation), X|< ©ti3(Area Mapping), YA€
A+ &7 uljsy(Digital Geophysical Mapping) 5 XAl
KNS Z3h= Al E= YAAIA -8 FolollA 2
=20 et gAlo] 4y 52 E9he 5838 2
T A=t

7} -8 EoFe] thefeh St B JERE sl &bt
Aoz AMGE ol AgSHPALH R GPS, EHAH|
o) X(Total Station), F|o|*|(Laser), =2 Acoustic) A|2AE
Sol Stk olaiat cheret ARNSAAATSS AEAT}
Hohs AU ARG =E A3E 4 AR Aol
ZolE 58 =9 Bl uhet 41E7F ©d(block) = ut
ZE|(degraded) &= 3 2AE 7HFA2L ik Egh AW
gk YA 54 AlLdlo] Bagt x| ufFo, tjX|E A
7 =2 Y 3§ Fokdl A3t 7] He(subsurface
mention management) 52| 28 Foloj|x= GPS 52| A
2}5 A L"o] Algsh= 1~10Hz #E3] B4 1M &
TEe AdE 9 37t siE 52 SR 58S
tHU.S. Army Corps of Engineers 2006). waha], ThoFst
3-8-Fokol|A Alejnjg o] 92| Hero} I &
A|7F A =(temporal resolution)2] SHE7} I Q3 o]
ute} GPS 59 AulSA4 Ala"a A4 go] 7Hsgt
A Al A|(Inertial Measurement Unit, IMU)Q| Aglo] A3t
g 7t & 4= qlck

UvkA o 2 o]F A2 St A YA 7P
da] ARl Y& A% ST E(Extended
Kalman Filter) o|t}. &olli= AlARIS] AFS 7HYSHA]
22 MEH B9 vAdE e Eo] ZigEl=d, BlAd
g dlo] M Sklinearization)2} AJAE] AbE(state)2] 7}
FAIRKGaussian) 7178 glo] §x|et 2{dEold HRE

F2 @ ¢ o] 5ol wet AYskE S AMEShe
avbEE R 2|2 -2 d(numerical superiority)&
2 Ao Z et (P. Aggarwal, 2006).

& ol 7iEe| de] AREe] 26 A%EE¢l &
AAurhEet AMEY HA] 7 & 7HA] vlAdg gEsl
AlZm} ZOlE ZHIFHE|(sigma-point Kalman filter, SPKF)
et (Am} 321 E) TlelE HE|((sigma-point) particle filter,
PRYE F¥5lal o2 WA A2} AdsgiladE
Sk Aol Agsto 1 AeS Bluskr B4k
W& S0 W A5 HiAs ] flste] s ol
A7 AlAFe] eafrdEls: 7HE%E AlEd|old AbeE of
S5l AREAA LR eR GPSe) EEAH|o|4(Total
station) “12)7 TSN ZE T2 HUEE 712 3714
AA(IMU400C, HG1700, LN100)E AlEislo] BA1S <=3
33Tt

N
-1

2. IMUS} HEISH S8 AIAH

IMUSF AEj54 T8 AlLRS] AEst AAAE 5
= 95to] dHbAo s ARREE dHloly A7 I 2
Al dlolg] A, HEHS o83 T&, 22|aL dlo[H
T A7HA] dAE 2°Fd 4 qle 7 TAER
HE Wy ik A SIth<E 1>

glolg AA e dAoM = 429} Fa2 FESHA
2jste] o Aol S8t 2E wole ¥ 80l &
& o|Er} o] Yo &3 HE(wavelet transform)-S ©|
st AEE AEe A28 Hal(decomposing)dho
22X ZeFghol A A ot AFe] 485 5O
o3t 1AW e ABE Resl] Alze] 4 4
(de-noising) EE HE& = itk UwkA o Z INS/GPS
A2wle] $13] QAL oF 13% ~ 34% 2] AHG TH
Friol HR| 2= oF 60%7F HaE 5 QUth (Nassar
2003).

diols A2 dAlRA T2 ARERE 25 (smoothig) B
e GPSSe| AREAisle] ASTr Aol Heks
FA & 4= e m TRl | =(forward) ol WP Kot
20 ADlS Wolrk ¢HER O 2 Rauch-Tung -Striebel(RTS)
B (backward) A5 o] 1 0] B 502
Qs FHHLSIA ALgEle] ci(Meditch, 1969; Gelb, 1974;
Jansson, 1998).
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AZZ 0 (A A9l "eE(traditional(extended) Kalman
filter), Aj2u} EZEIE ZH TE|(sigma-point Kalman
filter)ut SHE|Z HE(particle filter) 52| HMET ol
7S & Ztt gy, 8|1 7E YESE(Neural
Network)L} X 22] A28 (Fuzzy Logic)d-2 54l
(artificial intelligence, Al) ' & oF= ARIE 7HR A7
Al =231 WRo] EAsHR|TL Al B &gt 8
2d tiiloll T4 7R A(weight) & ol-gstH g2 A 7t
M AR HEetA] ool ¢eiA 2ArkShin 2005).
o20] I AN L&E2 vl vis) &
U Aejel Zo] AFP3HE HE(lineraizrd filter)y5-2 AlA]
2 E AR E 7B ER 48 = X0 A%t
E4& 8= o] oL gl E H ol 4
8llo] HFAKdivergence)olty ESHA A(instability)& ©o}F7]
SIEE Ay WEE o]gshe W2 AP EH o b8
Q] S Zh=t) ATHEE ] gk o]E 2
deiA Jlemg, 2 =wolXe ARl HE e EXYl
< Aesial, BldgEE ] A4EQ AME| =S

dsixe HdS & o GAE 7iesiioh

2.1 ZDFEE{(Kalman filter)

Zt HE(Kalman filter, £ H|AE A2"E 213
AL E(Extended Kalman filter, ©]3} EKF))= &)
A|2H] 53] GPS/INSSF 22 53t 3 AlAH 59
HAZE 7457 el idE hios W A5 A
52 B8t 1 HAdat AMNAAE SEslTHFarrell

i

o)

and Barth, 1998; Rogers, 2000; Jekeli 2000). &-AFgEY
E](Extended Kalman filter, EKF)= 1413 & d(nonlinear
model) &} AElE F43}7] Y8l A& 3Klinearization) 174
= AZ 2T "Elon I AFLE o F 7R a9t
2= o) A A, FA e X (dynamic error model)}
o5 #H(observation)2 ©}-83t 44l Fat wlE v
g B2 wgdel HRSE o5 BlUe AlelZ(Taylor
series) & M 43It} MRS Al2lze] R v YA
Ab 3fo] AME At Rd(linear approximation model)-Z
AR Aol £ WA, AT o) Aol 8E U
Skr(probability density function)E 7}-A}2HGaussian)
02 F1) o] £ 71 27 QoA 23} 4w k5l
A gk Agst 2 A A4 2xF B4 ZHminimum error
variance) Sl Al @318 EZ3le Folth olea
e st AT Folxl PEHE DAL MK 5}
= YF2| A} HaA|FH(recursive least-square method)
ojt} (Jekeli, 2000).

o|3t F7HA| HA(LAFIL THHAIDS TE S o
7 A 1 FRe) el 2o 4 ok A
S0, A=H]¢t 3 H(Jacobian Matrix)o] E3sITHH uf
AAE SAE AR FEEo] ofFoyar AT (Julier
et al 2000). E AALTAL Y] EHORTAL M
T m=aug 2o 93| 2Hgto g HEHE|ojof it
Glot A|slolut B2 94l B o] uldB(nonlinean)2}
W, 12} & 7Rt A8 8E 2d2 HEE dli(Biased
solution)t} F-2ARS] HulabyolA BoFH(instability)
= o7l & 4 ok

O¥o= &3kl EKF+= INS/GPS §3 A A8 Az
e 5 AjZF 2]Z&A)(time-dependent) & ZH= 29 Bo}

H 1. 4I0jE| Azl EHAE HTUd

M diojg A= WA A
_ - Wavelet Multi-Resolution analysis(tWMRA
R dols A= Smoothing ot )

M ZEE ol&t T
(Integration with filtering)

Wave Estimator

EKF(Extended Kalman Filter)

AKF(Adaptive Kalman Filter)

SPKF(Sigma Point Kalman Filter)

PF(Particle Filter), SPPF(Sigma Point Particle Filter)

NN(Neural Network)

Fuzzy Logic

B ooy FAg

RTS(Rauch-Tung-Striebel)
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ol A tieFety EYA ARGEo] gt} 2T RARE B
Aol HigEE 53 oA AlIA 2342 /42 F-ois)
of YA} =S A £ Qe ofHEHE daEE
(adaptive algorithm)©] A% 3 UTHSalytcheva 2004;
Hide et al. 2004; Ding et al. 2006).

2.2 ME2! dirlof {3l HiH(Kalman Filter based

on sampling methods)

AJZ g "ixlo] Hegyl HHEL T E3(derivatives)
o] AJout At T A¥3 T oiA A IS0
AeFE 4= 9t o|& Y3l AHIES] BAXE HAE B
gio] el Ael AJE(sample)S 0|83t TAH Ee
Aoz AutAic) FF A= Aeighe] ASgk
(BFIHO2 EKFeL 2 o] ey oz Huby
AEIES A AL B ALY st & 4
o %‘3 ke AFE Helck

Al1a) ERIE Zb BE(Sigma Point Kalman Filter,
SPKF, ®+ JAlE|E ZTHEE](Unscented Kalman filter,
UKFZ &)+ Julier 2F Uhlmann 3ol &3] 7NEEU
ou, gAY Ey} Tl H|AY s APoE W
glslo] A ol Hdghs Alikshke BHE, AlZmf
Qe g Gejs= Foi7 Wi} FAkol|lA Almt 21

o2 Bt HAY UES S WP WA 33
(order)©] RT3 WPt EEWNES 233h= Aol
(Van der Merwe and Wan 2004).
?i”:i‘ﬂ E 3K Unscented Transformation)=> HE B}A
e she WS FANS AN Yo,
d Fru=16)E Fo) AREE AY W, A
FE D7t w‘%{x)@r FEANP)S 7MY o) BAAS
AXBE7] 98, 20+19] Al 2uksigma) HE(x)E 7HA
FL0& I "o LE D,

)'_.091',

=X =1,...
2= (,/ELMjP) L i=L+1.2L Q)

A7VM A= (L+k)—I= AAQ getujgo], Ab:
o z5R0 A0t ZRIE BRE tRiQlEly]$s) 0]
o UupAo g 2RO 2Pyt A2} (eg. 1<a<10 %),
A K= FHA 2AY getEEA dRPEOE 3-1

AQEct A0k WeE oh3a 2o viAY AE

ol-§8to] AR

fu

E(sigma-point)2 Ea]= Azl AUE(sample)2] Al Y=/ (r) i=0,,2L (2)
2235 & AAIE]E¥ 3  Unscented Transformation, UT)
Actual (sampling) Linearized (EKF) UT

covaftiance

mean

tnue covanance

sigma points \09
\ )

©

o)
|

y:f(X)

welghted sample mean
and covanance

'

— fransformed sigma points

UT covanance

(a) AM HOIE], (b) 1X} MESKEKF), (c) HME|E Y&l Julier, S.J. 2000)

a7 1. BED 2o HIHE 9189

AME|=HE(UT)2| O
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1o
of,
"
i)
Eh
i
lo
)
_E'-_L
(i,
Do)
[
i)
Hed

AES] 15AE

o (3)
Tgn YA (4)

oldf, 7}5A W= tha #ol ALt

A
W(m) —
* L+a (5)
A
(c) = 1__ 2
5 L+/1+ a +p 6)
W_(m} :W(C) — 1

2(L+/1) i=1..,2L (7)

721 (6)°llA p= x 2Eo HE FHo et A==
o 7FAIRE 2] 7§ =20tk

TEE ¥ (Particle filter), Ei= <2 ZE7IEZ A1E
= HlH(sequential Monte Carlo sampling method)E £
= WS JAEEgE ) T2 Jigoixe, MEY
Mol AoiA AAE=BETE Y 244 A=A 1)
£ 2X= 9 oElE gEojAs Hdes f3iicts
HollA Atol7} Sl TE|Z FEH = wjo| ARt HE o]2
(Bayesian Filter theory)& v}gro. 2 w|Ag/m] 7}2-A|¢t
Z2ANAE Qo 1950 R ditEo] ghovt gtel&
AR B2 AxlEL® I8l F3s}7] of=lE To] 9l
Atk ZEol S0 AFE ALt 9 o= uEE
LEE o83t Hloltt B2l E#7(radar target tracking),

Al(communication), € H]H(computer vision) 5
o Hre A7} o]2olx| T 2rkeodsill et al., 2000). T+

HE e« HAREYS 283515, FEUEgf o
3 oS 7HA = 3R] ez thE AEF W H
s ekl A TR QAMEE ntE|E3H
(unscented particle filter):= SAE| = ZvbgeE FHA]
ALl SAlE| =H3Nunscented  transformation)S 0]
3o AT TElEY] R Wt aFZHUAE AL
sh= oz AAMEE TEe} wES deY A4S 4
3t TEjojti(P. Aggarwal et al., 2006). =, AAlE=
Y7} 7= vlAY ol el 49 Jetee} ot
= BY7} 7= EE 23S AT 4 Qltk= Ao 11
FaAdo] Atk ZEF 08 JAEE alElE FE Al
mh ZRIE HE|E HE Q| Aol oA At viel 2
o MEH ol UojA] Zjolch

3. AlEe{|o|M

3.1 AlEgo}d i

IMUSH A2 Al2slo] HehE FArS Sfste] Ak
= u]4% BEED A7k dee) MU, 123 S71R)
A ZPA AL 712023 Al g ol HAEE 3]
shlct & d+t= EEY Blart £8 BXojlug Fil
He(decentralized filter)E o83t <2FE3Kloosely
coupled GPS/INS integration)& ARE-3IG <1 2>,

oFAS oM e GPSollA S 2rEAE] s vk
T O 25E HA(beps > AepdT ARSI, IMU IS
A &xol Aro] FTHA|(Av, Af) RHE AWM 4]
(bvs> A B BB 285 A6, HE AHETL
Ci'e AMEZH oA i A R wg sPHo|tk

Aol wEk IEE AZHA] gpdlel IMUE AWA,
CrossbowA}2] IMU400C=Z A|71e] MEMS AlAo]il, &=
HA, LN200 Fi= HG17009} e 253 = A &

INS
1______________—7
| 17 0 Navigation o 7y
IMU Ay, A NS Mins
| = Computer ;
H
- N ¢ Kalman A A
Filter / ! .¢’ A ”
Smoother
GPS _
receiver S, ¢ Filter ¢GPS ' ?“GPS

A7 2. ofFdet ELMEEE GPS/INS A|AH(Jekeli 2000)
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2. IMUE 7|8 2%} &5

e X Aolg 24
Bias Scale actor Random walk Bias Scale actor Random walk
IMU400C 8.5 mg 104 ppm 0.05 mv/s/ v hr 3600 deg/hr 104 ppm 0.85 deg/vhr
HG1700 1.0 mg 300 ppm 0.25 mg/vhr 1 deg/hr 150 ppm 0.125 deg/ v hr
LN100 20 ug 40 ppm 5.0 ug/ vVhr 0.01 deg/hr I ppm 0.001 deg/ v hr

E 3. YldIAo]Ma} AILE] HE] HE
diu)Alo)d @} Alell ®lE|(navigation error states)

Yy Vg ¥p Orientation error

5, A, 6h Velocity error

op, 06X bh Position error

A A" 92} AFef HIE|(system error parameters)

d Gyroscope bias
b Accelerometer bias
Kg Gyroscope scale factor
Dy Accelerometer scale factor
Wa Gyroscope white noise
W4 Accelerometer white noise

(tactical grade) TAIANA] AFz|, ulA|ato & Honeywell
H764 T Litton LN100x} 228 AtelA o2 73t A
ol A" Z90] 354l IMUZF & Qe Tthe <3 2>
L B g7o4 MU we} uelg FR Al o5 3
o2 AlEF o)A ARgske AR IMUE|olE A7
Aol ARE-E AT

et $fote] diujAlold ot et AJAE
QA AHE 2gsto], F 21709 A" e 7 AR
25|} <3 3>2 EKF 84| AM-E A HEE 2
ol QJc}. SPKFe} SPPF FE| o A= A=} (singular)
BAIE 93l7] ¢Jste] Lol @} tjilef FHEY
ot #Ej(qy; bi= vt =g (body-frame), n H[=|A|0)A
=3 Y(navigation-frame)S EPH)7T ARREE T

3.2 HIOlE{ MY

QAL Qi 71E dold Mg A4 S HE
INSToolkit®o] AREE|QT) o] Tz 73S 913t Y=u}
292 < 5> of 471 Holek WYY TE=A gt A

oj2 IS o]&3le] &£ Z=EZ|(incremental velocities,

)&} ZHe ZE.Z|(incremental angles, 8)& 53 & A
7|2 A AE(Ranging System, RS)FIZNZ}F I3 A
AH9] FF(olst INS HA)Z AL INS F|4=
QA ¢ &5l Zty ZRo] IMUE A <% 2>5
2718 3 3Py whAlJekeli 2000, Ch 4)& o]&3}to] A
Aksieh A (8)2 o7t Z3HE TloelE AsH] Hgt

4847 molc.

——t

AG =(1+Kk,)AO+(d +wg)At
AV =(+x )Av+(b+w,)At (8)

o]7|4 d= 2}o)2 vlo]ojA(bias), b 7REEA HfO]
o)A Wel 2Jo|2 3}0]E w0]Z(white noise), Wy= 7}
£ Jlo|E o) Z W, and Wi are 3l|Fdk= AAY
Me] @ 2H(scale factor errors), L&8]al Ar=(At=txi-t)=
Holele] Azt 7olck

712 AT INSHA ek oz RS XL A}
7) 918141 GPSS} e AREHAADL So| 1mo]=
ok AT QIS ARSI ARlS AR A
o e W 2xE Akl 71 Aol 715 9
Sk Zhdst 2 ophgat ok

¢Rangesolurian = ¢Rangeso.’urfon TV O-Range solution

P

j'1'31:1'1'1‘9;.? solution —
h =h

Range solution

Range solution TV O-Rangeso!urion

9

Range solution TV O-Rangesolurion

7] v ZREARE B3 NO,19)E 7141 Aoy g
ojc}.

AT 228 93t AYZHAAHL 18] RTK-GPSL}
EgrAgo|Ho] UEAQ £ 279 AAH0] nHEY
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t}. RTK-GPS9] |2 4] TRIMBLE 4700 RTK-GPS A]ZA
gHo] AMeNE]Q 11 total station?] o|EA] Leica TPS1100
dual laser RTS¢| o|8%|qlcy. 2 A|&99] AR S 4
e the<XE 4>9 At
INS #2& 20Hz A7HEES
A3k A5 Aad ARL

7HA| 1L

129} 5%

ilﬁf'%, 71& T

|-

——

—

7+2]| 2L

AlEdoldE &3

-2 0

-10

-20

-30

-40

north (meters)

50
-60
-70
-80

10

20

Qe <17 3>& ke ABHold WAL
ofZ1 ik Al2Ee} STk Imisolw, HH
©F 1000mo]|ct,

T2

A= INSeF RS Fl&(trajectory)

Generated Path (Plane Area)

30 40 50 60
east (meters)

70

8C

20 100 110

a7 3. AIBHOIMOIN MME H

o] dlojelE E1ldle] ARt 92 HEE FE3P] 9%t
37KA] &4 darelE: EAF Zut ZE|(the extended Kalman
filter(EKF)), A|20} 3ZQIE Zt ZE|(sigma-point Kalman
filter(SPKF)), Al10} 3EQIE mtelE HE|(sigma-point particle
filter(SPPF)) 2 HIAESLT v w3}k

Generate Simulation datae
(Vehicle path)«
ﬁv, A8«

' I

Navigations Add Noise~
J' AT, A ¢

Equations+

I
@GPS ; 'aeys 1

Navigation«
.

Add Noise« Equations+

Em,zm“

Fd

';EGPS : ‘;'I‘GPS
v

Filter+
(GPS/INS Integration)s

| ne e

> Compare

s N
“ﬁa

5
=
s
L]

T8 4. AIEEOIM BME 3 22 RE

A

E 4. A2[SZYAIAHL| 5 H(*Prism Mode)

ii]']ﬂ ‘CH( O Ranging Solution )

A &|] o

RTK-GPS

Horizontal: 10mm + Ippm

Vertical:

20mm + lppm

Trimble 4700 RTK GPS

Total Station

Horizontal & Vertical:

2mm + 2ppm *

Leica TPS1100 dual laser RTS

H 5. HEY INSToolkit2| {21} &5

w2 g ik
Initpos initial position of vehicle(ENU cartesian coordinates)(meters)
Initvel initial velocity vector(ENU Cartesian coordinates)(m/s)

ol Initaccel Initial acceleration(m/s2)
initdem initial direction cosine matrix(nav-to-body) or vehicle attitude
segparam segment and turn parameters;
profile(i,1:3) ENU path generated
profile(i,4:6)* ENU velocity

&Y profile(i,7:9) ENU acceleration
profile(i,10:18)* elements of the direction cosine matrix(DCM) for vehicle attitude
profile(i,19) simulation run time(seconds)
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H# 6. 371X| ZEE O|ES 1Hz2} 0.2HzS| A ZHEAE 71X GPSLt 371X S20i e MULXI| thgh SH(TRl: cm)
734l 7HA 1 % 5 2
IMU =212 LR A| Haf BEHA} Bt EEH2}
north 0.14 6.83 -71.86 496.77
EKF east 0.82 9.23 -62.97 451.11
down -21.26 4.04 -156.35 46.20
north -1.20 8.75 21.93 457.59
IMU400C SPKF east 3.07 7.91 -33.61 427.52
down 11.77 3.42 175.72 26.00
north -0.66 8.93 -32.15 452.15
SPPF east 0.54 7.01 25.87 425.21
down 4.40 2.17 125.36 2225
north -0.11 3.32 -2.44 27.50
EKF east 0.02 3.34 0.96 33.56
down -2.85 1.84 -15.10 3.84
north 0.23 2.37 0.23 16.43
HG1700 SPKF east 0.04 2.37 -0.36 15.81
down 2.34 2.18 15.24 3.08
north 0.04 2.37 0.68 15.15
SPPF east 0.04 2.37 -0.28 14.77
down 1.11 2.05 10.88 3.02
north -0.66 1.72 -1.27 4.11
EKF east 0.44 1.82 0.85 4.61
down 0.39 1.41 2.38 2.48
north 0.41 1.23 0.28 3.62
LN100 SPKF east -0.09 1.12 -0.16 3.72
down 0.20 1.40 1.61 2.98
north -0.18 1.26 -0.34 3.26
SPPF east -0.12 1.12 -0.26 3.30
down -0.38 1.36 -1.83 2.41
3.3 HAE Zu} IMU<# 2>¢} E%F AlA"]9) A AXE 8l vlalshal

= AlEo)A HIAE A= 3.24004 AAE diojElE
o] 23} X7 A 3 Jl(free-inertial navigation solution
s M aws, haws )2 ATSHALR) M2 QX5 EF
3 ARANSZALR B, 6 ops, A s, hops ) B
S Fol FaAlFAE 7MY #A YA] dSi= A
A8k, 2 3ol HEHOR lolojagt A7 B
22 IMULRLE| 37} At 74 7H2 Aleoo] INSH
At 71 AR Zolof ittt A EE AYSAA
AEI(GPS and Total station)o]] wakx ore T4 <&
6>} <E 72 As|gc 7} i S3| 02 3741

o

A} 8k 37HA] HEY ol 2 AlEFold fA 24}
Aotk 12 741 7HS 413 7Hdo] gl o4&l
S Ynisial 52 7AHELS: Asebde] A EAy
Tl= AFH A Y(wooded area)o|u EA| R Y(urban area)s
ol njgtry,

GPS7} A2 &AALE = AN-El ARA AlEd|old
H2EoA= B IMUY| s A& 71Hke] |43
HE|Q] SPKFe} SPPF7} EKFol| Hls) Haighit #5HAL
S BA FaolH =E E AokE o] 29tk
SPKF9} SPPFQ] BlwoM= 12 784 718 Y H¢ #&
H2}2| ||| A =SPPF7} SPKF= §AWSH Zuts Ko

AE
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# 7. 371X] EHE 0I&

&t 1Hz2} 0.2Hz2| 2

Al 2HAE J1El Total Stationh 371K]

sa0 mE

IMUSL XK CHel SHEE

(& cm)
R4 7+A 1 % 5 =
IMU Y] A7 o Za9s) 7 EZ2WA}
north 0.45 6.70 -45.29 421.50
EKF east 0.62 6.61 64.77 302.65
down -8.25 0.53 -209.95 10.83
north -0.76 6.73 95.28 335.52
IMU400C SPKF east -1.70 6.84 -58.99 313.69
down 5.02 0.61 190.93 24.74
north 1.06 6.28 36.71 335.57
SPPF cast 0.26 5.95 48.85 285.86
down 4.08 0.53 175.6 23.94
north 0.05 1.22 1.91 18.09
EKF east 0.03 1.15 0.77 18.33
down -2.59 1.61 -24.24 1.47
north 0.01 0.64 -0.34 8.52
HG1700 SPKF east 0.01 0.62 -0.36 7.84
down 0.55 0.55 12.68 1.82
north 0.04 0.64 -0.20 8.51
SPPF east 0.01 0.62 -0.37 7.84
down 0.10 0.38 10.66 1.03
north 0.03 0.35 0.20 0.93
EKF east 0.04 0.35 -0.01 0.91
down 0.07 0.27 0.35 1.01
north -0.01 0.32 -0.03 0.89
LN100 SPKF east 0.01 0.31 0.00 1.01
down 0.11 0.30 0.65 0.74
north -0.01 0.32 -0.05 0.89
SPPF east 0.00 0.31 0.00 1.01
down -0.15 0.35 -0.15 0.75
%903, HHol A SPPF 71 SFAFE TS RolRqth IMUSA} HlAY B4 58 2918 & Hew Foe

B4 4R 0] 522 Zojd dii= LN1009| A= SPPF7}
SPKFXC} ¢F Smm, HG17000) 4% F 2cme] 3RAHS B
Hok &, LA 0] Ao AEH Tt EofubA
(B AR A= 570014 200702 Z7D olof ot &
o] QEgt ke digo) 7kl o $715 ME A
F=ofl vlsfA] 1 avk= vjH|SiGich oEE HEe 2%
of thaf ¥l 7F-AIQE B 2= T 7P 4 9o,
7H-AIQE k0|2 E o84 IMUHOlEE A5t
mi=oll SPPFQ} SPKF7} B8}t 24| = RA] =gt
A AIE 2Rk #7HE IMUIMU400C) 9] 7-9-ofl:=

vl MEY 7|8 YE 52 EKFRE} 37 SRE 2
WS Hojpa] Z3ich
FHA AlEdolAd HAENA= ASHAAHOR
EgAEoldo] ARGEQILE o]F 0|83 THAAHE
GPSE o83t ¢ Alagof vl H= IMUY g3 A
HrA Q] A 4ol vER oL HEE Wi IE 2}
OI‘— dasigict 3L AHA HAELL FUIA ME
7I6ke] ey Whyso| EKFREUT o £& 2ig B
Mq_ 12 73A7 204 IMU400CS} LN100 2] 7320
< HEY PETY 2ozt ddr] FE%1L, HG1700
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of e WE 7t Wejr) EKFOﬂ Ha) £ AuE B
k. A 52 ojAjoln BE IMUS) ALoA
AR

c}
a=e) 7]et Wejey whe) e—'—w% Zol Als| & -
oItk &, GPSHTh Heet A2 S YA 289 ETAwo)
doz Hezte] Aol2 £Y S 9lort zwwﬂol 2
o A4E HAY Hel2 olg3t lolel Ao £
A7e B

AlEHol4l Hlolg A Hall 7FRAIY ko]2E AL
a3 ouag SPKFQ} SPPFO] Afolojl= & xzfo|7} ¢irt.
o|Z|$t Zik= GPSE AT S AlAHIC R ARESE AW
A Algdeld BlAESt wYsict. el E TH O {84
= & Y AestA 24517 Halide Bl 7RAIGE dlo
B AlQl AA| S5 diojget &2 Zo] "asit

AFTHE, LN1002F 242 4 IMU= ¢ =714 H)
AEolN] B4 £ AE HojFglon, o Al
Ao By 9 Aol olzhe 17te] Auloln} 3]
u, B4, 283 dY 22 ZHdAE Ak gt

4.4 =

AT Aol 9z AL E Qi =8 GPS U
EgLHold, SUE ol8% SR 5ol ANE
o}, AR et Alsehdolut A sh=
A A 22 Beolx Bdtle A AEE AEsh
AL THAAY 2 A Y A2ET B3
INS/AZ & A 28 o] Wasich £ =RoAs INS/
Ag|ZA A A8 0] AEty AL 23] SPKFL} PF =9
AER A9 v|dY HEE ol&sto A2 YA 4=

ofet Ao WY Wuiel ther BHL SHSHh

AR, ABH oA HAEoAE MU BE 9%
HEwe} T el W (bridging) SHo| HAE Hck A
&0 IMUE AlEgHo] 12 o4 Qo Hole A}
A19] HB(EEU} 712 dom TR X G 4
QQith A1 IMUS} Aol 12 PAZEAN AL oF
12em] FUEE B0 12 o]4fe] AZMIAR AT
N s2)NAE 6mE 2TsH= 5 AW §xjo] 13
sl7] ok ATE wgrh

S, S wo] 7|Nke £ 8jAY WESL MU
of ZzlEAA Aol Aglo] AEA AYWE Ry}
Fo Aute ¥ vAY

o] ZAojdsE FRHA YERIAN EgAH o)A} 7
< ARt AHSHA LG A ETL TS AT &
222 AFE A9 X IN100T} 72k 1A% Al
A7} o188 o= Aga vjAdE HET) Alol= 7
2ok

AR, PF= SPKFo |8l Fd Auts o] AT
Z7t=l AZ A5 — 2007)9) v 2 EF= o)y
'8}0‘:“:}

&g At Higfo 2= A4 AlEEo)Ho] ofd A &
& dolget 22 BjAdE 7HAI’ 22 E 7H HolEHE
ot e 7] A3 vlwrt AFEejof stk =
¢k SPKFollA ARGEQH BAE HE-E A3 gletr]H

¢

F

=9 et Y E(sensitivity) 4 50| ojFojA o &
Aolck
AR =

o] B2 2007dE ALA Ptk AT RA ol
oot} APEUE

- =
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