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In the field of passive position location estimation , the modified
extended Kalman filter (MEKF) is proposed to improve the accuracy of
moving observers and multiple fixed chservers measurement system.
The extended Kalman filter (EKF) has already been shown that it was one of the
technique in this case. The modified version is achieved by an improved
linearization procedure and , a parallel computation scheme. The simulation
results shows that the performance of the MEKF methed is better than

the EKF method.
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1. whasenSumiednnnomedauil ( Moving observer measurements )
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2.2 Bearing angle measurements (8]
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2.1 Location estimation (Loc.Est.) from optimal bearing angle estimation [2]

Tummnagiefimnsiigaueusiay Observer ravlaemsbinieRinlfiain Observer
ueay Observer MWUYUMWMT Optimal bearing angle estimation Z30da wumms Noise
smoothing W Mdusauil Tunuddees 70§30 LNTWAJ wldinauaduaaumadszanmem

TesoatAanneninfitimssunou oy 2 33 leun

® Maximum likelihood estimation { ML )

® Standard Xalman filtering ( SKF ) 5

wasila fnudunauiudrasld Optimal angle UdAINUILIUMS Location estimation
( Loc.Zst ) 39il mput Wil Fabuwdunau Loc Est. 1 5.0.53107 tnsneg ehinauasy]

4 3% léun

® Simple average method
® [ east square method
® Stansfield’s algorithm method

® Torrieri's algorithm method
a4 a4 u Y Y . v A A\ 4 G A .
Fadlarmiueeu Loc Est. wdazlé Output sonmnatfluguiia (2, ) Faflueit Optimal
2.2 Optimal location estimation from location estimation { Loc.Est. ) [3]

Thumymemiaamasruiadoyanns ( Emitter location ) 21N Measured bearing
angle moulaelyi Measured bearing angle vector fIWANINUMT LocEst.  ( Meaudusemy
T8 2.1 ) a¢l¢l Estimation location 88N W&hsnsuawIums Optimal Loc.Est. 50
Noise smoothing ( TiEaudamats 2.1 ) wasiefiaearld Ourpur senwnalugvesisin
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2.3 Extended Kalman filter ( EKF )

(=1 A A \z v v ¥ I.: a G =Y °
FhnssATidentiuty BXF lwinds 1.2 tdaliusuuiny tasnanaluoaadansims
VJseana WA Input dhan udazuanshatiuassi Swameea Direction finders { DF ) 3331781

( Timing ) 1umse¥n§umﬁﬂmmaa§mmm

Tavenfinusatiui lunsdiaSassniumfedunnmeetuiitiay S ana3finvas  Standard

o @ ]

=

Kalman filter ( SKF ) + Torrieri’s algorithm ( TR ) %38 ( SKF + TR ) W&t Extended Kalman

filter ( EKF ) TumainsnilSeudienniy Sanasviuriasinaus ( MEKF )

fana3iy dwiumalsznasnidsamasiudedygnunnmiasyude M lFhAnenfinusaiiui

1. Standard Kalman filter ( SKF ) [1].[2].19]

- lusanasfinaes SKF Hheeeflugunuaes Discrete filter vitadhdimsuitiymaes
"ﬁaagaﬁﬂu Discrete data linear filtering loamavszanasneneassnusla o fidasms £ (k/4)
NNMTIMFYIMILMIU v (k) Fafumaeimneeniiom (k) nndaga nm (k-1) i
e aasmamen X (k/ k) wmawudamswen Xk —1/k—1), X(k/k-1Duag
Covariance P{k—1/k-1), P(k/k—l)'nm'?a Transition matrix 613l Imﬂ:ﬁg‘m,mu ey

smauémﬁaﬁ [1]

The extrapolation of the state estimate
Xklbk-1)=® X(k-1/k-1) (2.1)
Iﬂﬂﬁ
@ = Transition matrix
/\A’(k —1/k —1)= The smoothed position estimate -

/\A’(/c/k —1) = The prediction position estimate



The error covariance extrapolation

Pl lk-1)=® Pk -1/ k1) ®T +0

(2.2)
Toesi
O = The process noise defined a small positive number
The bearing angle measurement model |
Bk) = h(X(R)) +v (k) 2.3)
Towih
h( XA(k) ) = nonlinear function %93 shmﬁwauma'dmLﬁ@ﬁmmwm
v(k) = Zero mean white Gaussion noise sequence
Kalman gain
K = P(k/kA— DA™ (X (k) k = D)[A(X (k] k= 1)P(k ]k - 1) -
x h" (X (k1k-1))+R(k)]"
Toesfi
R = enaulsusmvasdynnmsuniu v(k)
The state estimate equation
X(klky=X(k!k=1)+K[BUk)—h(X(k/k—-1))] (2.5)
Tnesi
Bl = MRk ke ~1)) = saiszsnoldan state fiudn
Bk = h(X (k) = spiiRainls
The error covariance update
Pk 1ky=[1 - Kh(X(k/k—-1D)Pk/k~1) (2.6)

I@ EJ“?i

I = Identity matrix

The error covariance extrapolation ( next state )

Plk +1/k) =@ P(k k) ¥ +0 2.7)



NNENMIA (2.1) - (2.7) hadusanseasUmsinanuilu Flowchart ligiadi (9]

v
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M (2.1) - (2.3) & UTUGEUMSMMUAMISNaUNDUALYITM ST NaNa

STEP ONE

Compute gain
K

Eq. (2.4)
SN

STEP TYWO

Update estimate
X1k
Eq.(2.5)

STEP THREE

)

7

Compute a posteriori variance
( The error covariance update )

Pk 1k)
Eq.(2.6)

STEP FOUR

Compute a priori variance
( The error covariance extrapelation )

Pk +17k)
Eq.(2.7)

Update stage

g‘ﬂ‘ﬁ 2.5 Flowchart for Kalman filter algorithm



2. Touied's algorithm [2],]3]
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Sanaifianaan e snnniisees Stanstield Tunsdifl Variance fienazanne
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r=f(x)+n (2.3)
loem
x = Position coordinates
1 = Multivariate random vector 161&133 covariance matrix W10 N x N
. — ¥
Covarlance Y84 h mmiam\l@mﬂ
(2.9

N = E{(n - E[n])(n ~ E[ll])r}

I@Hﬁ’)‘]\lﬂué”l Mae9 f(x) Yuaniiu nonlinear vector Warfu FomEanIn approximate Tidu

Linear lagmsl¥ Taylor's seriss Wmsnssneudil¥ 2 waviusn agldaums

f)= fx)+G(x—x,) (2.10)
Towii
x, = UMTDIAa 1989
G = N xn Matrix of derivatives evaluated at X,
cf, cf,
A R
ox | Bl
X=X, X=Xy
G = - : (2.11)
ax} = axn =
X=X X=X
Faluentsznmashwiamasriidioduann snsadenuduaumsle
t_ . T ar-lyn-1 =T ar-1 : .
R=x,+(G"N'G)'G"N'[r - f(x,)] (2.12;
ITYMENENM (2.8) B9MaNMST (2.12) 16
(2.13]

X=x+(G'N'G)'GC"N[f(x)~ f(x,)-Glx—x,)+n]|



I@Hﬁ Covariance 98
p=E[@-EEDE-LED 1=(G"N 'G)” (2.14)

NNFUMIA (2.11) 19U x = R ust x, = R,
Toef R dhaneas 2 56 aldmnmstssinashwninlszneusme x uay y

R, hanieas 2 16 109 30989 Ussnaueme x, way y,

aeldl
—(sing,, )/ D,,  (cosg, )/ D,
G= E : (2.15)
= (sin oy )/ Doy (COSPoy )/ Doy,
loesi
DOI :\/(xo—xi)2+(.y0—yi): ’ i:l’zv"')N (216)
By; = NNAFITEMIIAMIN 1 Uay 301984
NNEmMs (2.9) 13 enaRewaa lumsanausiazasaiiudasesafuas|é
0';‘, 0
N = s (2.17)
0 O 4w
Toai o, A8 Varance Tumsteeseft idle i=12, N
H#NN1TUDY Least square 159 maximum likelihood estimator #@
R=R,+(G"N"'G)"G" N}, (2.18)

Tt

¢, =d—f(Ry) waz o= f(R)+n

~

RNENMIN (2.14).2. 1508y (2.17) 1579¢18 Covariance matrix 299 R a1



= E[(R-x) )= —L (2.19)
UA v

S HG-0 1= (220)
uA—v

v

v (2.21)
HA =D

= L[(x =) -] =

FanANMST (2.15), (2.17), uat (2.18) 1713z ldENMS Linearized least square estimator @8

~ = S. ]
f=x, 7¢” woosga —sin ) (2.22
,U/l e Dye;
. 1 i Acos@, —vsin @,
)‘_ — _V,\, Y —:qun ( ¢)1 . ¢O:) (223)
UA—V" o Do,
lowsit
Y cos’
= Z ,7% (2-24)
- Dyo;,
N g 2h . .
Pyl ‘bj" S (2.25)
i=} D(;io-s;i
in @,. cos
p= S S fo COShy (2.26)
= Do, :
6. =¢. —¢, @ @8 Bearing angle (2.27)

Temsléidaulawns Torer dsialuiife
fmal  p = ssemafdufigaann 9adds 8 Bearing line wedodl i
ot anineda 1nd wissmiliadyanasnnuds agldh
¢, =p, /Dy ;i=12,.,N Uay
cosg,, =cosg, ; sing, =sing, ;i=12_ . N



3. Extended Kalman filter ( EKF )_[1],[2].15]

dana3fiuemg Extended Kalman filter ( EKF ) Qnﬂmmszqnm‘i‘ﬂuswu
nonlinear system 4] 8NXE 184 System parameter identification [5], MIUsLanmmnyiely
Ve A G v A o , & , VoA
wasmidiaduanm [12) dhisu aeluiithenaniaamsauludimes madssannums e

MaNy M

Tunuenumsdstanowniisamaariniiedyguti KSPINGARN (1] liwaimn

So  a& )1 v a 4 v v Ay A & -1
uassegnedana3iin BXF 4 laenhanldlunsilsaaasassniumiadanamuedoud loeliiu
AN Standard Kalman filter ( SKF ) uazludmwasnsdivaasdasinfumiedonouagiui
T 3.0.q009 tenaway (2] Whidane3iin BKF i hilseenald leeliiuguan sKF wwideaiu
] Y av v v a . Y ¥ 1. a 8§ v 3 )
Filuvis 2 n3dsiu anansnaquldhdanefinmas BXF s Winadws duiueh wia Indidesehusmis

gaavasrnifiadyana 16 snnnd Sanasiiawea SKF

v A A [ A v :‘\1,3\], o R 2o e e B g aa a . "
vistifinsnndayafidhanlusruuitlifussuuieodudadu danudanasfuuuy SKF Selimansnls
HadWS FRnTians duidasaimavenaud i bifuiadidudodu Tnamsld Taylors series lu

mavene F9lunanmsdonanail LsnSenT) Extended Kalman filter ( EXF )
EsnInETUiuesumsLstnanaYa EXE laeail [1],(2]

The extrapolation of the ;stafe estirﬁate
Xkik-D)=® X(k-1/k-1) (2.28)
Taes
@ = Transition matrix
/\A/(k —1/% —1)= The smoothed position estimate

X!k~ 1) = The prediction position estimate

The error covariance extrapolation
P(k/k—l):CDP(k—l//c—l)(DT+Q (2.29)
Tow

() = The process noise defined a small positive number



The bearing angle mzasurament model

By = A(X(k)) + v(k) (2:30)
Toer

nonlinear function 283 sNUMUIIRIUMAITHAN YNNI

h( X(k)
v(k)

Zero mean white Gaussion noise secquence

Linearization ( Jacobian matrix )

‘.,/.S’(k) = h(¥(k/k-1)) = tan”" [(()\ Ei j /li - g:i gj))))] (2.31)
Tows |
X, (k [k D, p,(k/7k-1) = shumimml,ma'amLﬁ@ﬁmmmﬁﬂszmm
Aoy o e £

x(k), y(k) =snunudand Observer th. AT £

witiens H (R(k / k - 1)) 1T Jacobian matrix ¢t

Oh(x)

R S (2.32)

:[HH Hl:]

H(R(k ke —1)) =

ch
ox,

=%, (k/k-1)

B =2 (2.34)
ayc Yo=5, (k1k=1)

W A= tan ™! [u] (2.35)

4y -
RS ACTL DR -
Rk k1) = x(k)

Fabaluanmst (2.32) azld

Tow



— U

H, = Ve
(+u™)(x, (k] k- 1)—x(k))

warluanmsn 234 1a

. L
= (+u )X, (k/ k~1)— x(k))

Kalman gain

K=Pklk=0D)HT (X(k!k=I)HX K/ k-1)Pk!k-1)
x HT (X (k! k=) + R

I@Hﬁ

R = inenaudssmasssanusuniu v(k)

The state estimats equation
X(k1ky= X(k1k=1)+K[B(k)—H(X(k/k-1))]
Toft
Blk) = H(X(k/k-1)) = ssiszanaldann Stace i
Bk = H(X () = spivhainls

The error covariance update !
P(k/k) =[f —KH(}A((/c/k -WIPk/k-1)
Iﬂﬁﬁ

[ = Identity marrix

The error covariance extrapolation ( next state )

Plk+1/1k)=® P(k+1/k) ®" +Q

19

(2.39)

{2.40)

(2.41)

(2.42)
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sane3fniiiaua Winenfiwns ( Modified extended Kalman filter : MEKF )

NNNBMITEUDS CHARLES K. CHUI, GUANRONG CHEN, HERMAN C. CHUI AN
“MEKF and a real-time Parallel Algorithm for System Parameter Identification” [5 dan ot
nemAudnludhasiniu aquldd TuiSasmes System Parameter Identification tWisnsuas MEKF

eI myes EXF

sodulAnntinisatiuil WIEUATD  Modified Extended Kalman Filter ( MEKF)
evhsnusuasienn uGoses mmwﬁ&nma’omLﬁmﬁzyzymmnmﬁwuﬁﬂ s EXF T
ftlssannmnuay emalshihanndsty Immlmm%’uﬂqaﬁp’ﬂu 2 nstl shderlunsiliedaaniy
mﬁﬂﬁtyzywmmﬁauﬁ uay Lﬂ%@dﬁﬂ%UﬂWﬁﬂﬁmmwmagiﬁuﬁ %ﬂumzﬁ«uaam’%aaﬁﬂ%fumﬁﬂéimtywm
aeuiniu Tumioues 1.8.q4500 \naviag (2] fulduamiliviun 33 FxF TRl
mnmiﬁ%ﬁm Sonmamamesauasiinliiiillmaing wasnnammaseiuesazdans
duldndiafian 1 S3ninenanahienlndidesiu 1uda35989 Location Estimation from Optimal
Bearing Angle Estimation (2] I@Uﬁ Ql,u%u@amad Optimal Bearing Angle Estimation &uﬂfﬁ%
203 Kalman Filter ( KF ) oy gLu‘lgmGlau‘Uad Location Estimation SL‘HM’QJ%‘UEN Torrieri’s Algorithm

(TR ) vi3anaaeidemsd Kalman Filter + Toreri's Algorithm ( KF + TR ) tias

éfaﬁuiu%wmﬁwuﬁaﬁuﬁmﬁﬂﬁﬁmsm5amméwé’n;uaz s a R tarldhen
ﬁszqnﬁmﬂﬁ%ﬂlﬁsﬁﬂ 15 ¥ufo  Modified Kalman Filter ( MKF ) + Torier’s Algorithm
(TR ) #59 ( MKF + TR ) nenAe  Ianihduson KF safiuduseueesms  Optimal
Bearing Angle Estimation 81 Modify Tudnsussidieniuifu EKF it [@031tnaanudatnagu an
&uﬁdmmmu Tomiert’s Algorithm %uﬂumzmumwao Location Estimation Lﬁ'aﬂﬁzmmmﬁ%a
wisarnifiadoymeia bl sahdmenimigariiiin1al¥ Monte Carlo Simulation Tumsvh
Numerical Simulation WRDUAAINAMINAFELLAS FouReudeulmnnsilliiuinasinns
I@auﬂmwaé’wﬁugﬂ‘naa Square Location Error Wae Circular Error Probability ( CEP ) LLaz\lé’lJ
shan plot ifunvisSeudieulugnnsid Sedlugthines Mean Square Eror ( MSE ) uas

Circular Error Probability ( CEP )



T
, nargunnmt ﬂmwmuumn 1
mmen:mumauums

¥ aad . 8 A a W a’t’ A [YS-1
FILYI 3 ToVIULEUS WAvenfiwusautiasnsndeu Block Diagram ettt
1. 1ASNANSUAYONOMAREA ( Moving observer measurements )

1) Modified extended Kalman filter { MEKF )

Input

BE

wny

7%

E

¢

2. Lﬂ?@dﬁngﬂﬁtytwmayﬁ'ﬂﬁ ( Multiple fixed observers measurements )

1) Modified extended Kalman filter ( MEKF )

: Input t\,\\\\.\z \ 5 Output
- S B §
B,k ;z RN \m':@% /| ()
N
RT— e

2 ) Modified Kalman filter ( MKF ) + Torrieri’s algorithm ( TR} { MKF + "R )

Location

| Optimal Angle §

l Estimation Estimation




22

MMM EeLIRI 2 ntildnenfiwudatutiv aazﬂums@hLﬁxms‘l,ugmmumm
ynimaneseurasiTada luusinssivude Tunsdiusndadiunsdians Moving observer
measurements ¥ assifiun et A i gat it Y esa L8 KARL
SPINGARN [1] naméie asimaiSenifieums ¥ observer agf 2 uuy uuuusnazl¥ observer 2 6

uarluuf 2 9gld observer 9 shlumsdnFumAsdyanu

sulunadin 2 Miilunstiag Multiple fixed observers measurements ThAneniinug
arfutiazAMAUM WA NUMMIMIM VALY 7.0.8510% 1eN5wA] [2] naIee Avims

WReufieums1E Observer atf 6 uuusioll

Wun 1 wuud 2

- -
wun 3 o 4

/

W 5 Wuu¥ 6

717 2.7 SIS Observers wunsee AlFlumsnagou
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Neiaufnadana3hin Modified sxtended Kalman. filter ( MEKF ) #riana

Sane3iin Modified extended Kalman filter ( MEKF ) fiaenamiieis hmswanilu
AIUAINILUIUMS  linearization delmAnlsanimwiatan  Toeluitianieueiimsans
Parallel computational scheme Ssnansolisznoevia wwnfieas Aithuuudand
realtime i sigunsomsuen’d 16@n Extended Kalman filter ( EKF ) wmidSewas
CHARLES K. CHUI, GUANRONG CHEN, HERMAN C. CHUI L%;E)\‘I * MEKFE and a Real-Time
Parallel Algorithm for System Parameter Identification " [5] ft’:u Ienhnsssdsmadssnanaiuy
dwmamiSutguse Wennlusmmes  EKF mnﬁb’uﬁﬁﬁﬁﬂﬂﬂszqﬂmﬂ%ﬂuﬁawaa System
parameter identification I@ElmeTYIG]ﬁEmLLaz LLamwamsmﬁaué'mmﬂ% Numerical simulation

Foat IdUnng s 3msvas MEXF imlinadinddesmansufiuiae snnndiddmseas EXF
Modified extended Kalman filter ( MEKF ) [5]

NNUWIANNAAYDY CHARLES K. CHUI, GUANRONG CHEN, HERMAN C. CHUI 1]
AomaWanndana3finees EXF amsl¥ Standard Kalman filter ( SKF ) dhansisdluszuy Taals
#a 2 SanaFanks vhnumouinUgesenisin NIINIBUsENIANALULG I

Tunstuumeres EXF Shumnemudendnas mavilugmiiii nonlinear Wiy linsar
Toeimsl¥ Taylor's series nsnsane Tuaufiin nonlinear Hiaes Iunueumsdseanomniis
wsarufiedoyenou mnmﬁmxﬁﬂﬁ AneNMT (2.35) WAy (2.36) masdanauiwhildmiiu
nonlinear function 8¢ 2 7 0. State Brofulusssiude gt Hofuasnudu
( Slope functicn ) W axmsit (236) wavBnadnuiu W&ﬁ’n’waéasguﬁ"i@rﬁmﬂ&ﬂu%am%&
( Bearing angle function ) 4 dumf  (2.35) Widane3fiueas EXF siulaamslugauiiiiu

nonlinear function WENEMALN Tude luduns Bearing angle function [1],[2] whiiu

Py
3 @

o o ’1 s as ' 11} Y
oNHBILMITUTENG NITHIDMIUILHIBHAULLYIWIU WIINNUNIULDS MsUseanwmnne
v [ 74 ¥ i) v
widsidiedyanosin Tussuusuiudod 2 SanaStiulaeiivis 2 daneSfiuriuandaene aiSueu
sienin iissndoyaisusuludmns filter processing i a¢l¢¥uanain DOA processing %9
L e dad 2 z v al o v, a i a o a v
ardsfayaiiaiigaanliiasis 2 Sansdiwiualfeniilatiihdayadusulumstsznana lnolu

uazdana3Tia axiums lusuiti nonlinear function fwiane fudisusaslusuii 2.8



E"‘——‘—'— s e sy

- (F(0).7(0)

F(0) = ¥(0) = E[x(0)]

E
; MOESXOEFAFEO

PO) =Fax(©) v

‘ /
coso) \

(%(k), 9(0))

7% 2.8 Parallel algorithm for MEKF

[ a a Z 2 ¥ .F\\: A’ 1 4% k —l 4
loedanasfinm 1 suldlsvanomnan [N( ; J AN [ ( )J Fath Input N

y(k yk=1)
s Al A [y Al A :.: k5 ) -Q(A’) :g(k - 1) A G
Fane3Nun 2 uavdanadtiad 2 tiuldssnoanen | an | I Input 3N
y(k) yE-1

Janasnum 1 LLazvhsl,uﬁﬂwmmi\lﬂnﬂﬂ State TINI38NT Parallel algorithm
N Parallel algorithm (NE@N1IOLEN danasnuvad MEKF aanilu 5 nsoiiude

MM 2.1 MEKF 919 5 55

MEKF ALGORITHM # 1 ALGORITHM #2
nagiti

1 EXFT SKF

2 EXKFT EXFS

3 EKFT EKFT

4 . EKFS EKFS

5 EKFS EXKFT
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AN 2.1 Faanummna e MEKF netifl 1 Tafeann nsssiimsussananauuy

Fu 3519 EKET MU SKF elunsdidus fifasan udnsosdentiv

Toenssiensly
EKFT = Sana3fiames EKF feniiimmsnszans ludandifh nonlinear Usesm
Bearing angle function
EKFS = Fana3fiugas EKF fendiumsnssareludmiiidiu nonlinear Usenn

Slope function
) [ aaf8 = } g
TuumazaaﬂaTwNuaaxﬂaaz&mwﬂﬂﬂau
Algorithim # i

PNNTIN 2.1 INuenRNsanmseiumssiaaud bithiiesfudadu sandu 2 nediiu

Ap EKFT ( N30 1,2.3 ) uay EKFS ( N3tAN 46 )
Ntk EKFT ( Ao wdm Bearing angle function (E(k)))
The extrapolation of the state estimate

Xklk-1)=® X(k=1/k~-1) (2.43)

Tt

O

X'(/c —1/k —1)= The smoothed position estimate

Transition matrix
X (k/k—1) = The prediction position estimate

The error covariance extrapolation
P(k/k—l);@P(k—l/k—l)CDT+Q {2.44)
Iﬂﬂﬁ

O = The process noise defined a small positive number



The bearing angle measurement model
Py = h(X (k) +v (k) (2.45)
Toefi

v(k) = Zero mean white Gaussion noise sequence

Linearization { Jacobian matrix )

By =h(F(k/k—1)) = tan""[u] (2.46)
N PAQIE NG | g
X,(klk-1)-x(k)
Towsi
X, (klk-=1),y, (klk-1) = Ghl,mm‘naummﬁwLﬁmﬁmmmﬁﬂszmm

Mg o e

x(k), y(k) =onunlsuad Observer th. 111 &

¥
o A

- mmsgnpduiliduiaidadadu Weellumanmas H(Z(k /& - 1)) 1ol

HEkl=1)) = ? .
A x=F ik k-1 .

:[Hn le]

. 0Oh

T 2.49
. (2.49)

X, =%, {k/k=1)

H, = (2.50)

yo=F, (kTk-1)
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WYILAIENMTN (2.46) Uay (2.47) T aums (2.49) Lay (2.50) axler

fH, = S (2.51)
(0 )&, (ke —1) = x(k))

!

Hy=—— (252)
T (Lru)(x, kTh =1) = x(k))

Kalman gain
K=P!k=0)H"(X(k!k—1)[HX(/k—-1D))P(k/ k1)
x HT(X (k! k= 1))+ R(k)]"
I@Uﬁ
R = manuulnymrasdyanusumiu v(k)

The state estimats ecuation
Nk1ky=X(klk=1)+K[B(k)—H(X(k/k-1))] (2.54)
I@H“?} ' :
Bk)=H(X(k!k—1) = spiilszanmléann State fud
B(k) = H(X (k) = ssiiiotald

The error covariance update
P(/(//{):[]‘-KH(/?(/C//C—D)]P(/{//C—I) o (2.23)
Towi | '

[ = Identity matrix

The error covariance extrapolation ( next state )

Pl +1/k) =D P(k/k) ¥ +0  259)
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n58h EKFS ( Ao ludm Slope function (u))

The extrapolation of the state estimate
Xhlk-D)=® X(k-1/k-1) (2.57)
I@Eﬂé]
® = Transition matrix
X (k—1/k —1) = The smoothed position estimate

X {(k/k—1) = The prediction position estimate

The error covariance extrapolation
P(k/k—l):CDP(k—l/k—l)(DT+Q (2.58)
I@Hﬁ

O = The process noise defined a small positive number

The bearing angle measurement model
k) = h(X (k))+v (k) (2.59)
e

v(k) = Zero mean white Gaussion noise sequence

Linearization ( Jacobian matrix )

k)= h(E(k 1k =1)) = u | (2.60)
"y = {e(/ﬁk—l)-y(k) 2.61)
%, (k/k—1) - x(k)
Tows
X, (klk-1),y (klk-1) = (ﬁ%mm‘namméaﬁwLﬁ@é’zymmﬁﬂszmm

mldl o e £

x(k), y(k) =muvuvad Observer i 19 &



v
Ve A

nsznesd b fuiariudadu Woellwmanws H (X (k/ k - 1)) 1ol

H(z(k/k—l)):%

X=Xkt k-1)

:[Hn Hl:]

el =%, (k/k-1)

a)}‘-’ y,:;‘(klk—l)
WIMENANMTN (2.60) WAy (2.61) Tu dumsh (2.63) way (2.64) azld

—u /%, (ke —1) = x(k))

Hn = = r
Tkl k—1)
by - UGG/ k =)~ x(k))
¥y tkitE=l

Kalman gain
K =Pk k- V)HT (X(k !k~ D)H Ik —10))P! &~ 1)
x HT (X (k/k-1)+R(K)]"
Toesi

R = enematsusvesdyanmsuniy v(k)

The state estimate equation
Xklky= X(klk-1)+K[B(k)—tan™ (h(X (k/k—-1)))]
I@H"?i
tan™ (X(k/ Kk ~1)) = spiisvanmaldan State udn

Blk) = H(X (k) = sivioiald

29

(2.62)

{2.63)

(2.64)

(2.65)

(2.66)

(2.67)

(2.68)



The error covariance update
P(k!ky=[T - KH(X{k/k-D))Pklk-1) (2.69)
Toesi

[ = Identity matrix

The error covariance extrapolation { next state )

Pk +1/k) =P P(lc /1 k) ¥ +Q (2.70)

Algorithm # 2

- o a » o ' ) t:: ) Q) [ v A po4 G,
NN 2.1 Li']LLEIﬂWQTiNWﬂﬁ@]’lLuuﬂ'ﬁGlaﬂ’Ju‘Vl\lNLﬂuLUuﬂdﬂ‘ﬁuL‘NLﬂu aaniu

3 nsoltiuAe SKF, EKFS uay EKFT
N96b SKF

The extrapolation of the state estimate
Xhlk-1)=® X(k-1/k-1) (2.71)
I@Eﬁ?‘]
® = Transition matrix
)?(k —1/k —1)= The smoothed position estimate

X(k/k —1) = The prediction position estimate

The error covariance extrapolation
Plklk-1)=®Pk—1/k-1)D" +Q (2.72)
I@Hﬁ

QO = The process noise defined a small positive number

The bearing angle measurement model
Bl = h(X (k) +v (k) (2.73)
e

v(k) = Zero mean white Gaussion noise sequence



o3

Kalman gain
K =Pkl k=Dh" (X(k!k = O))A(X(k!k=D)P(kk—-1)
xh" (X (k=) + R(ET

Tnef

(2.74)

R = manuutlsusmvasdyanusuniu v(k)

The state estimate equation
X!y =Xkl k=1+K[BUk)— (X (k!k-1))] (2.75)
Toes
B = h(X (k1 k-1)) = spiszanoildann state Tudn

Bk) = H(X (k) = uniiaTnle

The error covariance update
Pklky=[I- Kh()?(k/k —-IPk/k-1) (2.76)
Tnwf

I = Idantity matrix

The error covariance extrapolation { next state )

- P(k +1/k) =OP(k/k) ¥ +0 2.77)

NS5 KKFS

The extrapolation of ine state estimate
Xklk-D)=® X(k-1/k-1) (2.78)
Towsf
@ = Transition matrix
/\A’(/{ —1/k —1)= The smoothed position estimate

)A((k/k —1) = The prediction position estimate



The error covariance extrapclation _
P(k//c—l):(DP(k—I/k—l)CDT +Q (2.79)
I@H{"‘I

O = The process noise defined a small positive number

The bearing angle measurement model
Bk) = h(X (k) +v(k) © (2.80)
: Toeit

v(k) = Zero mean white Gaussion noise sequence

Linearization ( Jacobian matrix )

A

Bk =h(R(klk-1)=u (2.81)
V4 [ y (k/k-1) —y(k)J ' ' __ " (2.82)
X, (k/k—-1)—x(k) :

Toeit
X, (k1k=1),p,(klk-1) = snumivaamaiiniiadoanmilsssnn
Ml o &

x(k), y(k) = 6numiisvag Observer th. 1981 4

LAY v a ¥ 2 % Voo &
nsvanedmn iy Medtudadu Twa&ﬂumamad H(x(k/k-1)) w0

HGEG T -1)) = PO
x=R(k/ k1) (2.83)
= [Hn Hrz]
H, = ﬂ (2.84)
elx,=x,(k/k-1)
H, = L (2.85)
O P



WIUFENMST (2.81) Liay (2.82) Tu anmsfl (2.84) Lay (2.85) 2z 16t

b Dl Gk k=1 x (k)
v % (klk—1)

_ UGGk k=) - x(R))

H|7 ~
: y,(klk-1)

Kalman gain

x HT (X (k! k-1))+R(k)]™
e
R = semuuusUsmaasdynnasumu v(k)

The state estimate equation
Xklky=Xk!k=1)+K[B(k)—tan™ (h(X (k] k - 1)))]
I@]El“?;
tan™ (X (k/k —1)) = spilszannaléann State Hudn
Bk = HX (k) = swihoinlst

The error covariance update
P(k/k)=[I - KH (X (k/k-1)P(k/k-1)
I@]El"/d;

I = Identity matrix

The error covariance extrapolation ( next state )

Pk +1/k) =@ Pk k) ¥ +Q

K =Pk ~DHT (X(k!k-D)[HX(k!k-1)Pk/k~1)

33

(2.86)

(2.87)

(2.88)

(2.89)

(2.90)

(2.91)
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nsoL EKFT:  snNaNmsif (2.28) - (2.42)

The extrapolation of the state estimate (2.28)
The error covariance extrapolation {(2.29)
The bearing angle measurement model (2.30)
Linear.ization (Jacobean matrix) g {2.3‘1,2.312,2.33,2.34,2.35,2.36,2.37,2.38)
Kalman gain | (2.39)
The state estimate équation (2.40)
The error covariance update ' . ' : (2.41)
The error covariance extrapolation (next state) {2.42)

TmnUftRomedain andunsuiiimepsiadumdn wasfdesiemnusindums
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U 3

NINAILUAANRLADS

MIES LU IARIUAANR LGRS

Sonuszadlumsaauuuiaasuunesiiess AaMINaMINFUUNLLMANNAAA
eheulntmanese seedane3fudin (EKF) uardane3iisiiianatusn elliine v
At (MEKF) Y"ljamtfum%"adm”néfwnﬁﬂﬁmmmmﬁ'auﬁ (Moving observer) Uay [A3Ras ST
ﬁzyzmmagjﬁuﬁ {(Multiple fixed observers) I@mluv‘?a 2 nashiu wuiums simulate ovnms

ST LN AN IVIAEB LGNNI simulate 20U Seansouaniarsan laed

ar

nstlAsaIeNFUMAFFANuATani (Moving observer)

M3 Simulate L MMANMI229 K. SPINGARN [2] tudais1asioms Simulate aaniiu 2

AT observations A8

® NS0IN 1 91U Observation = 2 Observations

® NS 2 - 9147 Observation = 9 Observations

Toehwa 2 mzﬁi”fu mamessURHGHsUlaaT U LL‘Ha'JmLﬁﬁﬁﬂJﬂ_ﬁmaéujﬁﬁﬁﬂ (141.141)
uassii M e hm T Tauay szmamaﬂ%t.nﬂaqmﬁé (130,11) $olumamedovil
e W meenudl 8095 0.1 km/sec uamimsIanne 500 3w Suaiuly Farhuiria
21MEeNU azmn'lﬁmlu@%ﬁmiﬁﬁa (160,41), (190,71), (220,101), (250,131), (280,161), (310,191),
(340,221) @Ay (370,251) NI I@aﬁmwmamm?}'au‘namw’?ﬁ@l:ﬁmw\léﬁﬂ”’u Wiean

. . . = Lz
Zero mean white Gaussion noise WNaUNU



ar )

nsoliagasaniumnfiadyanaedfiuf ( Multiple foxed observers )

M3 Simulate aglindnmsmes 38 qaeT nswey (2] WARTRUUIMS simulate oan

i 6 NItlenNEUMISLALU observers il (314126 )

o n3iifi1 ¢ 2 observers  GWMKYEY emitter a%ﬂuﬁuﬁszmwmmmmaq observer
wsniy observer figas

o nuif 2 . 2 observers . GWMMMBY emitter aguaﬂﬁuﬁiz NEIILIYRY
observer 3NN observer ﬁam

o N3 : 3 cbservers , SR emitter aqﬂw"i’uﬁimmmumwaq observer
WINMU observer *flism |

o Nl 4 : 3 observers , SNUMKITEY emitter ag,}uanv';v/uﬁszmnshLquaa
observer 13NN chserver ﬁam

o nafifi 5 4 observers . GUMNEY emitter aqﬂwﬁuﬁizwjmﬁnmmmaq observer
WINPT oiserver 1A :

® naiifi 6 : 4 observers , GBI emitter a%}uamﬁuﬁsmdm‘mmwao

v y Aa
observer L.3NNU cbserver YId

Toelas 6 ndiviu maemsnammeaedra 2 block (wh 21) Tudora block 199
MEKF uat block 98¢ MKF + TR loeehwinfiwasens) #ildlums Simulate fmldan seed
e shasneamah FRIMaITIHIaF U M (Emitter) axagﬁﬁﬁm@mﬁuﬁa (15.15)
WA SUMUIGTI] 184 observers MUGRZNSEL snansn ldieiard (0,0), (20,0), (30,0), (40,0), (60,0)uae
(80,0 T@&rﬁmwmm@Lﬂﬁ‘aﬂ,rnad;guﬁi'm%m‘lﬁﬁ”’u \IAAN Zero mean white Gaussion noise

WANDUNY

wavdmSUeSHeu (Initial state) AAMIW 2 nIdlasifiummuunmams simulate
984 K. SPINGARN [1] tiufaimazahadiu seed Wiulimflauniu e Wilunnansdl 18 gaiSusu

widlaue v
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1 puUnymiaSeufisusesdanadfingewis 2 35 Mean square emor (MSE) ¥1d

WO x LAY WA y o1t

(k) y(h)) - (£, (k1 K), 3, (K] k)T

Mean square error (MSE) = Z v

i=l

Y

2. gﬂmaa Circular error probability (CEP) of 50% 29475 Modified extended Kalman
filter (MEKF) loemmhen szasmannqamasshimiaaiaia agmasshl,mmﬁwﬂﬁ N
Saceuiivime 100 @ 1H1a9InMIN 100 Monte Carlo runs Aele CEP of 50%
AaenanaTesdii 50-51 thanaenadien CEP of 50% Whshimmunsesiuossnan

Tnensiieniiaend GEP of 50% atflunsnan

>

R=\[x())— %, (kTR +Lytk)— 3 (kT R)T

Toef R = Svaey9an Emitter 59 dnuivefim 1oy
[x(k), y(k)] = WinwaIhuniiaasy

[%,(k /1K), 3. (k1 k)] = Aiomnssiumvisiv ¢
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panTesaLT S nmyhaan uenaRawE

. o W - ¥ J
NIANATBIANSINMASYQNNUAREUTA (Moving observer)

Y . .
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B> MEKYF #5 ;t= 11.54 5
- 115
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=2
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140.5 |-
1405 P 10
terations
P 5 d d'\ly o -l '
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&
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P T = a“lw o s .
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Sar (kII'l) Er— EXF :x-:us:
e B MO0 Bl - 12685
5.3 i e - EE— MMEKF 8= L2267
—— i AMEKF 9% 1= 11.51 =
52 o N LR T BB AMEKF w41~ 11568
e =BT '_‘—“———_____-—— EWE #5 k= L2003«
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=4 S e e
£ Sk —
S
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6NN 3.1 M33euiiey Position estimates 28431 3.1

Mon | EKF | MEKF | MEKF | MEKF | MEKF | MEKF Mon EKF | MEKF | MEKI | MEKF | MEKF | MEKEF
#1 #2 #3 #4 #S #1 #2 H3 #4 RS
1 140.72 | 140.52.| 140.75 | 140.75 | 140.74 | 140.74 6 140.89 | 141.00 | 140.78 | 140.76 | 140.81 | 140.80
2 140.39 | 140.45 | 140.44 | 140.47 | 140.28 | 140.31 7 140.22 | 140.32 | 140.18 | 140.21 | 140,17 | 140.20
3 140.27 | 140.05 | 140.48 | 140.36 | 140.59 | 140.47 8 141.45 | 141.60 | 141.42 | 141.42 | 14135 | 141.35
4 142.19 | 14235 | 142.20 | 142.15 | 142.25 | 142,19 9 140:55 | 140.56 | 140.50 | 140.53 | 140.49 | 140.533
5 140.16 | 140.05 | 140.09 | 140.12 | 140.00 | 140.03 10 141.79 | 141.88 | 141.88 [ 14179 | 14199 | 14191
snmaft 3.2 mswSuudien Position estimates 9699171 3.2
Mon| EKF | MEKF | MEKF | MEKF | MEKF | MEKF Mon EKF | MEKF | MEKF [ MEKF | MEKF | MEKF
#1 #2 #3 #4 #S #1 H2 #3 H4 #5
1 150.76 | 147.94 | 149.76 | 150.45 | 148.90 | 149.51 6 149.06 | 149.97 | 149.60 | 149.51 | 150.01 | 149.96
2z 4127 | 13791 ) 14131 | 14199 | 13912 | 139.79 7 152,17 | 151.94 | 151.48 | 15071 | 151.33 | 151.77
3 139.46 | 142.29 | 14040 | 139.58 | 141.37 | 140.48 8 135.01 | 133.90 | 135.34 | 135.67 | 134.37 | 134.66
4 131.30 | 131.21 | 131.23 | 131.61 | 130.80 | 131.12 9 147.40 | 146.42 | 146.11 | 146.63 | 146.01 | 146.52
5 136.67 | 133.78 | 136.28 | 137.07 | 134.81 | 135.56 10 - 132.10 | 134.06 | 132.70 | 132.26 | 133.39 | 132.94
o7 3.3 MauSuuifiuy MS Position error 94371 3.3
Obsv| EKF | MEKF | MEKF | MEKF | MEKF | MEKF Obsv EKF | MEKF | MEKF | MEKF | MEKF | MEKF
#1 H#2 #3 B4 #5 #1 #2 #3 H4 #3
1 53225 | 4.9796 | 4.9922 | 5.1735 | 4.9169 | 5.0495 2 5.0131 | 4.4082 | 4.8149 | 5.0264 | 4.5747 | 4.7578

AU WA Mon 78 Monte Carlo's run [2] Wag Obsv @@ Observations (3]
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xR reees
E—» EKF = 2923 s
B—> MEKF #1 1t~ 31545
E—> MEKF #2 1t = 3127 s
MEKF #3 :t = 30.73 s
MEKF #4 1t = 31.69 s
MEKFE #5 1t = 30.86 5
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GN9971 3.4 MRSUHE MS Position errors 843U 3.4

Obsv| EKF [ MEKF | MEKF | MEKF | MEKF | MEKF | |Obsv| EKF | MEKF | MEKF [ MEKF [ MEKF | MEKF
H1 #2 H3 H4 H5 #1 H2 #3 H 4 H3
1 0.6407 | 0.3331 | 0.2126 | 0.1577 | 0.2458 | 0.2330 6 [0.6075| 0.3631 0.2119 | 0.1252 | 0.2402 | 0.2177
2 0.6327 | 0.3354 | 0.2075 | 0.1496 | 0.2417 | 0.2256 7 10.6041| 0.3695 | 0.2131 0.1227 | ©.2403 | 0.2174
3 0.6274 | 0.3437 | 0.2086 | 0.1400 | 0.2404 | 0.2199 8 [0.6023 0.375:3 0.2141 0.1209 | 0.2405 | 0.2177
4 0.6204 | 0.3496 | 02096 | 0.1337 | 0.2402 | 0.2188 9 [0.6015( 03805 | 0.2150 [ 0.1195 [ 0.2406 | 0.2175
5 [ 0.6133 | 0.3577 | 0.2110 | 0.1285 | 0.2401 | 0.2177
mmaﬁ 3.5 MsulSeuiey MS Position errors ‘uaagﬂﬁ 35
Obsv| EKF | MEKF | MEKF | MEKF | MEKF | MEKF | {Obsv| EKF | MEKF | MEKF | MEKF | MEKF | MEKF
#1 H2 #3 H4 #5 #1 #2 #3 #4 #S5
1 3.6631 | 3.6513 | 3.6596 | 3.6628 | 3.9435 | 3.9566 6 |2.0608| 1.8711 2.0552 | 2.0038 | 3.2034 | 2.8403
2 4.1235 | 3.6266 | 4.2042 | 4.1232 | 4.1728 | 4.1083 7 | L7907 | 1.6582 1.8275 1.7490 | 2.9844 | 2.5060
3 3.5115 | 3.2332 | 3.5618 | 3.4744 | 4.0276 | 4.1497 8 | 1.5821| 1.4899 1.65398 1.5758 | 2.7994 | 2.2803
4 2.9000 | 2.6681 | 2.9199 | 2.8545 [ 3.7511 | 3.7405 9 | L4164 13614 1.5252 1.4422 | 2.6417 ?:.TOJX
5 2.4207 | 2.2041 | 2.4164 | 2.3658 | 3.4636 | 3.2654 |
G197t 3.6 AISELFEY MS Position errors 1843171 3.6
Obsv| EKF | MEKF | MEKF | MEKF | MEKF | MEKF | [Obsv| EKF } MEKF [ MEKF | MEKF | MEKF | MEKF
#1 H2 #3 B3 #35 #1 H2 #3 H4 35
1 1.3021 | 1.0448 | 0.9045 | 0.8082 | 0.9776 | 0.9781 6 |1.1106| 0.8469 | 0.7160 | 0.6069 | 0.9106 | 0.8621
z 1.3369 | 1.0430 | 0.9457 | 0.8430 | 0.9948 | 0.9892 7 (10717 0.8219 | 0.6898 [ 0.5721 0.8894 | 0.8222
3 1.2830 | 1.0087 | 0.8902 | 0.7848 | 0.9834 | 0.9920 8 [1.0407( 0.8015 | 0.6707 | 0.5507 | 0.8711 0.7972
4 1.2185 | 0.9482 | 0.8235 | 0.7187 | 0.9603 | 0.9567 9 |1.0156| 0.7863 | 0.6551 0.5343 0.8551 0.7777
3 1.1597 | 0.8908 | 0.7626 | 0.6574 | 0.9348 | 0.9096
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519 3.7 ehenuemaedeulugll Mean square enor 9033171 3.7

43

Obsv| EKF | MEKF [ MEKF | MEKF | MEKF | MEKF Obsv EKF | MEKF | MEKF | MEKF | MEKF | MEKF
007 | #1oh | #200% | #3a0h | #4400 | HS a0 10%) | #1aoh | #200" | #3007 | #d a0 | #5noh

1 2.8951 | 1.6873 | 1.6926 | 1.7062 | 1.8443 | 1.6873 21 2.1673 | 1.5539 | 1.5400 | 1.6013 | 1.6276 | 1.5539
2 2.8819 | 1.7170 | 1.7262 | 1.7245 | 1.8951 | 1.7170 22 2.1390 | 1.5517 | 1.5383 | 1.5998 | 1.6251 | 1.5517
3 2.8690 | 1.7530 | 1.7352 | 1.7376 | 1.9213 | 1.7530 23 2.1122 ) 1.5506 | 1.5372 ] 1.5989 | 1.6237 | 1.5506
4 2.8388 | 1.7508 | 1.7376 | 1.7344 | 1.9197 | 1.7508 24 2.0866 | 1.5482 | 1.5351 | 1.5962 | 1.6217 | 1.5482
5 27982 | 1.7452 | 1.7195 | 1.7195 | 1.9061 | 1.7452 25 2.0623 | 1.5450 | 1.5320 | 1.5923 | 1.6193 | 1.5450
6 2.7507 } 1.7170 | 1.6950 | 1.6954 | 1.8751 | 1.7170 26 2.0394 | 1.5425 | 1.5300 | 1.5895 | 1.6176 | 1.5425
7 2.7017 | 1.6904 | 1.6678 | 1.6735 | 1.8409 | 1.6904 27 2.0176 | 1.5411 | 1.5283 | 1.5874 | 1.6166 | 1.5411
8 2.6534 | 1.6656 | 1.6458 | 1.6563 | 1.8095 | 1.6656 28 1.9971 | 1.5399 | 1.5275 | 1.5860 | 1.6163 | 1.5399
9 2.6075 | 1.6471 | 1.6292 | 1.6440 | 1.7831 | 1.647] 29 1.9778 | 1.5398 | 1.5274 | 1.5857 | 1.6167 | 1.5398
10 | 2.5635 | 1.6312 | 1.6150 | 1.6343 | 1.7589 | 1.6312 30 1.9596 | 1.5400 | 1.5279 | 1.5860 | 1.6175 | 1.5400
11 | 2.5210 | 1.6187 | 1.6025 | 1.6274 | 1.7375 | 1.6187 31 1.9426 | 1.5410 | 1.5290 | 1.5873 | 1.6189 | .5410
12 | 2.4797 | 1.6068 | 1.5917 | 1.6229 | 1.7176 | 1.6068 32 1.9267 | 1.5417 | 1.5299 | 1.5882 | 1.6202 | 1.5417
13 | 2.4398 | 13.5976| 1.5826 | 1.6202 | 1.7002 | 1.5976 33 1.9119 | 1.5426 | 1.5314 | 1.5896 | 1.6217 | 1.5426
14 | 2.4013 | 1.5887 | 1.5745 | 1.6174 | 1.6846 | 1.5887 34 1.8980 | 1.5437 | 1.5326 | 1.5911 | 1.6232 | 1.5437
15 | 2.364]1 | 1.5813 | 1.5665 | 1.6146 | 1.6709 | 1.5813 35 1.8851 | 1.5446 | 1.5335 | 1.5920 | 1.6246 | 1.5446
16 | 2.3281 | 1.5741 | 1.5601 [ 1.6120 | 1.6592 | 1.5741 36 1.8731 | 1.5454 | 1.5345 | 1.5929 | 1.6261 | 1.5454
17 | 2.2933 | 1.5689 | 1.5546 | 1.6102 | 1.6496 | 1.5689 ¥7 1.8620 | 1.5466 | 1.5355 | 1.5938 | 1.6279 | 1.5466
18 | 2.2600 | 1.5641 | 1.5505 | 1.6087 | 1.6418 | 1.5641 38 1.8517 | 1.5476 | 1.5368 | 1.5946 | 1.6300 | 1.547¢6
19 | 2.2279 | 1.5608 | 1.5462 | 1.6066 | 1.6359 | 1.5608 39 1.8422 | 1.5493 | 1.5384 | 1.5957 | 1.6326 | 1.5493
20 | 2.1969 | 1.5566 | 1.5426 | 1.6034 | 1.6309 | 1.5566 40 1.8335 | 1.5510 | 1.5403 | 1.5969 | 1.6355 | 1.5510
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397 3.8 ehenaameeiaulugLl Mean square enor 999317 3.8

45

Obsv| EKF | MEKF | MEKF | MEKF | MEKF | MEKF Obsv EKF | MEKF | MEKF | MEKF | MEKF | MEKF
ue’y | #ladh | #2007 [ #3000 | #4400 | #Suo) 0% | #1aoy | #200% [ #3007 | HdAuoh | #5007

1 6.5354 | 5.2442 | 5.9460 | 5.2350 | 9.2774 | 6.9950 21 5.1937 | 4.8953 | 4.8733 | 4.8892 | 6.2002 | 4.9372
\i 6.3072 | 5.1867 | 57938 | 5.1288 | 8.6593 | 6.3234 22 5.1697 | 4.8967 | 4.8675 | 4.8920 | 6.1807 | 4.9282
3 6.1693 | 5.1267 | 5.6595 | 5.0914 | 8.2305 | 6.0200 23 5.1479 | 4.9007 | 4.8642 | 4.8960 | 6.1677 | 4.9246
4 6.0555 | 5.0986 | 5.5489 | 5.0673 | 7.9046 | 5.8176 24 5.1279 | 4.9056 | 4.8631 | 4.8999 | 6.1574 | 4.9210
5 5.9649 | 5.0856 | 5.4651 | 5.0730 | 7.6301 | 5.6705 25 5.1098 | 4.9095 | 4.8621 | 4.9031 | 6.1500 | 49198
6 5.8898 | 5.0934 | 5.3953 [ 5.0193 | 7.4140 | 5.5649 26 5.0936 | 4.9140 | 4.8644 | 4.9065 | 6.1474 | 4.9197
o 5.8218 | 5.0929 | 5.3290 | 5.0986 | 7.2325 | 5.4838 27 5.0787 | 49169 | 4.8661 | 4.9085 | 6.1487 | 4.9224
8 5.7588 | 5.0920 | 5.2683 | 5.0974 | 7.0721 | 5.4032 28 5.0653 | 4.9200 | 4.8704 | 49106 | 6.1534 | 4.9245
9 5.6959 | 5.0713 | 5.2114 | 5.0721 | 6.9360 | 5.3360 29 5.0529 | 4.9227 | 4.8745 | 49129 | 6.1608 | 4.9291
10 | 5.6351 | 5.0469 | 5.1675 | 5.0406 | 6.8252 | 5.2786 30 5.0415 | 49264 | 4.8805 | 4.9159 | 6.1704 | 4.9332
11 | 5.5796 | 5.0258 | 5.1254 | 5.0169 | 6.7294 | 5.2334 31 50314 | 49315 | 4.8887 | 49213 | 6.1829 | 4.9398
12 | 5.5279 | 5.0092 | 5.0895 | 4.9980 | 6.6458 | 5.1881 32 5.0225 | 4.9395 | 4.8983 | 4.9296 | 6.1962 | 4.9479
13 | 5.4793 | 49914 | 5.0578 | 49806 | 6.5743 | 5.1510 33 5.0147 | 49480 | 49080 | 49385 | 6.2102 | 4.9573
14 | 5.4338 | 4.9768 [5.0289 | 4.9652 | 6.5091 | 5.1153 1; 34 5.0080 [ 4.9586 | 49195 | 4.9492 | 6.2253 | 4.9674
15 | 5.3918 | 49601 | 4.9990 | 4.9494 | 6.4491 | 5.0831 } 35 5.0021 | 4.9685 | 4.9290 | 4.9586 | 6.2409 | 4.9787
16 | 5.3527 | 4.9451 | 49711 | 49338 | 6.3937 | 5.0498 36 4.9970 | 49776 | 49385 | 4.9659 | 6.2559 | 4.9869
17 | 53160 | 49279 | 49421 | 49171 | 6.3425 | 5.0193 i 37 49926 | 49843 | 4.9459 | 49715 | 6.2705 | 49953

—

18 | 52818 | 49134 | 49180 | 4.9039 | 6.2973 | 4.9905 38 4.9891 | 49911 | 4.9548 | 4.9772 | 6.2859 | 4.9952
19 | 5.2500 | 4.9035 | 4.8989 | 4.8946 | 6.2588 | 4.9678 39 49864 | 49981 | 4.9639 | 4.9831 | 6.3023 | 4.9851
20 | 5.2206 | 4.8977 | 4.8849 | 4.8905 | 6.2267 | 4.9500 40 4.9847 | 49851 | 49759 | 49911 | 6.3210 | 4.9849
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TNA 3.9 menuamaiadoulugy Mean square error 923317 3.9
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Obsv| EKF | MEKF | MEKF | MEKF | MEKF | MEKF Obsv EKF | MEKF | MEKF | MEKF | MEKY | MERYF
a0h) | 2t | H2ao) | R3pe™ | 4ot | #3007 ot | Blaoh | #2ah | B3 b Bdueh | HSnoh

1 7.1335 | 4.3272 | 5.5325 | 4.9524 | 5.4546 | 5.0245 21 7.8587 | 4.5631 | 4.8455 [ 5.3578 | 4.5205 | 4.8254
2 7.6354 | 4.3595 | 54751 | 3.379% | 5.3302 | 5.1410 22 7.6548 | 4.5215 | 4.8354 | 5.2125 | 4.4879 | 4.7652
3 7.9268 | 4.3041 5.3%78 52023 | 5.2034 | 5.0235 23 77132 [ 44335 | 47520 | 32487 | 4.4284 | 47854
4 8.0012 | 4.3732 | 5.2548 | 3.2754 | 5.0782 | 4.9682 24 7.6875 | 4.4267 | 4.6254 51836 4.3259 | 4.6201
s ¥.2120 | 34144 | 52120 | 5.5023 | 5.0655 | 5.3501 25 7.5123 | 43756 | 4.6879 | 5.0025 | 4.3321 | 4.5028
6 84389 [ 4.6488 | 54247 | 5.8354 | 32315 | 3.3355 26 7.4687 | 4.3261 | 4.3235 | 49359 | 42287 | 45832
7 8.5487 | 4.8368 | 5.6564 | 6.2201 | 3.3025 | 5.3983 27 73851 | 4.2892 | 4.3578 | 44756 | 41021 | 44244
8 86158 | 49750 | 57253 | 6.4547 | 3.3872 | 5.6325 28 7.3023 | 4.2754 | 4.4748 | 4.8201 | 4.0205 | 4.2583
9 8.7024 | 4.8689 | 5.7487 | 6.4368 | 5.2201 | 5.6304 29 7.2865 | 4.2566 | 4.3963 | 4.7020 | 4.0028 | 4.3985
10 . R.6321 | 4.8547 | 55752 | 6.2201 | 5.1358 | 5.4842 30 7.1028 | 4.2002 | 4.3186 | 4.6651 | 3.9875 | 4.3544
11 | 85076 | 4.8333 | 5.5245 | 6.1354 | 5.0828 | 5.4720 31 7.0498 | 4.1865 | 4.2320 | 4.5838 | 3.9874 | 4.2154
12 | 8.5054 | 4.8152 | 5.4124 | 6.1833 | 5.0568 | 5.4558 32 6.9856 | 4.1753 | 4.2022 | 4.5910 | 3.9321 | 4.1252
13 | 5001 | 4.8057 | 54437 | 6.0465 | 4.9654 | 5.4355 33 6.8002 | 4.1650 | 4.2201 | 44543 | 3.9215 | 4.0987
14 | 84859 [ 48005 | 5.3213 | 59984 | 49548 | 5.2321 34 6.7568 | 4.1241 | 4.1357 | 4.4023 | 3.8201 | 40873
15 | 83265 | 4.7789 | 5.2524 | 5.8011 | 4.8687 | 5.1205 35 6.6256 | 4.1114 | 3.1785 | 43248 | 3.8010 | 4.053%
16 | 8.2645 | 4.7558 | 5.1874 | 5.7206 | +.8652 | 5.1025 36 6.5332 | 4.1109 | 4.0201 | 4.3023 | 3.7328 | 4.0562
17 | 89871 | 4.7358 | 5.1754 | 5.6834 | 4.7203 | 5.0548 37 6.4514 | 4.1093 | 3.9854 | 4.2354 | 3.7218 | 3.9638
18 | 8.0541 | 4.7163 | 5.0258 | 5.6751 | 4.7231 | 5.0982 38 6.3269 | 4.0585 | 3.9584 | 4.2032 | 3.7125 | 3.9338
19 | 82150 | 4.6852 | 5.0245 | 5.5248 | 4.6908 | 4.9205 39 6.2043 | 4.0387 | 3.8485 | 4.1879 | 3.6548 | 3.8521
20 | 7.9213 | 4.6448 | 4.9245 | 5.4251 | 4.5650 | 4.8350 40 6.2836 | 4.0231 | 3.8254 | 4.1025 | 3.6254 | 3.8023
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N 3.10 mmm@amméau’lugﬂ Mean square error maagﬂﬁ 3.10
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Obsv| EKF | MEKF | MEKF | MEKF | MEKF MEKF Obsv EKF | MEKF | MEKE | MEKF | MEKF | MERKF
oy | B 1ood | H200h | #300h | H#Heoh | #Sa0h noh | B laod | H2uoR | B3aeh [ Hdoet | HSm”
1 6.5945 | 5.5920 | 5.9925 | 5.7823 | 6.1502 | 5.7287 21 2.6587 | 2.0105 | 2.1154 | 1.9168 | 3.0133 | 2.2460
2 4.6787 | 4.2048 | 4.0936 | 3.8778 | 5.1154 | 4.7302 22 2.6152 | 2.0254 | 2.0985 | 1.9058 | 2.9828 | 2.2352
3 4.0732 | 3.4052 | 3.4614 | 3.2646 | 4.5821 | 3.9254 23 2.5736 |.1.9898 | 2.0863 | 1.8924 | 2.9565 2.2()85‘J
4 3.&054 3.0036 | 3.1185 | 2.9734 | 4.2285 | 3.5008 24 25421 | 19765 | 2.0625 | 1.8723 | 2.9221 | 2.1894
5 3.6748 | 2.7658 | 2.8920 | 2.3118 | 4.0169 | 3.2194 25 2.5015 | 1.9578 | 2.0498 | 1.8669 | 2.8936 | 2.1646
6 3.5790 | 2.6094 | 2.7500 | 2.6847 | 3.8700 | 3.0293 26 2.4784 | 1.9411 | 2.0336 | 1.8435 | 2.8731 | 2.1435
7 3.4901 | 2.4970 | 2.6514 | 2.5898 | 3.7735 | 2.8926 27 2.4381 | 1.9224 | 2.0134 | 1.8320 | 2.8436 | 2.1266
8 3.4272 | 2.4015 | 2.5601 | 2.4919 | 3.6725 | 2.7957 28 2.4038 | 1.9102 | 2.0017 | 1.8260 | 2.8195 | 2.1187
9 3.3529 | 2.3320 | 2.4805 | 2.4139 | 3.5568 | 2.7037 29 2.3725 | 1.9035 | 1.9819 | 1.8034 | 2.7942 | 2.0981
10 | 3.2720 | 2.2714 | 2.4268 | 2.3367 | 3.4491 | 2.62 1.7 30 23418 | 1.8936 | 1.9735 | L7998 | 2.7725 | 2.0721 "
( 11 | 3.2087 | 2.2324 | 2.3763 | 2.2627 | 3.7220 | 2.5514 31 23124 | 1.8887 | 1.9565 | 1.7765 | 2.7416 | 2.0502
12 | 3.1368 | 2.2022 | 2.3487 | 2.2020 | 3.3324 | 2.5020 32 2.2926 | 1.8665 | 1.9334 | 1.7538 | 2.7265 | 2.0311
13 | 3.0654 | 2.1836 | 2.3195 | 2.1624 | 3.2957 | 2.4651 33 2.2635 | 1.8529 | 1.9227 | 1.7491 | 2.6985 | 2.0238
14 | 3.0018 | 2.1666 | 2.2854 | 2.1258 | 3.2584 | 2.4336 34 2.2329 | 1.8445 | 1.9069 | 1.7217 | 2.6794 | 2.0059
15 [.2.9424 | 2.1395 | 2.2658 [ 2.0865 | 3.2168 | 2.3935 35 2.2173 | 1.8325 | 1.8884 [ 1.7128 | 2.6532 | 1.9863
16 | 2.8969 | 2.1155 | 2.2332 ! 2.0532 | 3.1893 | 2.3787 36 2.1864 148269f 1.8726 | 1.6946 | 2.6267 | 1.9682
17 | 2.8420 | 2.0987 | 2.2135 | 2.0192 | 3.1527 | 2.3420 37 2.1658 | 1.8135 | 1.8504 | 1.6G38 | 2.6075 | (.9486
18 | 2.7945 | 2.0747 | 2.1837 | 1.9822 | 3.1258 | 2.3190 38. | 2.1388 | 1.8069 | 1.8450 | 1.6736 | 2.5811 | 1.9334
19 | 2.7448 | 2.0524 | 2.1692 | 1.9698 | 3.0869 | 2.2987 39 2.1124 | 1.7955 | 1.8224 | 1.6656 | 2.5688 [ 1.9125
20 {27010 | 2.0320 | 2.1318 | 1.9399 | 3.0490 | 2.2625 40 2.0966 | 1.7864 | 1.8115 | 1.6670 | 2.5494 | 1.9069
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M7 3.11 Aansemaedanulug Mean square error 989317 3.11
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Obsv| EKF [ MEKF [ MEKF [ MEKF | MEKF | MEKF Obsv EKF | MEKF | MEKF | MEKF | MEKF | MEKF
el | Brach [ #200h [ #300h | #400h | #5007 wh [ Hlao” [ H200N [ #3wh [ Hdaoh | #Saeh

1 2.5261 | 1.5612 } 1.6114 | 1.5650 | 1.9478 | 1.5946 21 2.1092 | 1.4998 | 1.5656 [ 1.4942 | 1.8047 | 1.5608
2 2.5244 | 1.6328 | 1.6571 | 1.5819 | 2.0089 | 1.6304 22 2.0873 | 1.9454 | 1.5619 | 1.4934 [ 1.7947 | 1.5569
3 2.5339 | 1.6299 | 1.6930 | 1.6094 | 2.0511 | 1.6803 23 2.0660 | 1.9242 | 1.5585 [ 1.4930 [ 1.7855 | 1.5533
4 2.5375 | 1.6559 | 1.7195 | 1.6340 | 2.0779 | 1.7159 24 2.0453 | 1.4892 | 1.5557 | 1.4929 | 1.7773 | 1.5503
5 | 2.5300 | 1.6535 | 1.7258 | 1.6391 | 2.0817 | 1.7271 25 2.0251 | 1.4872 | 1.5535 | 1.4935 | 1.7701 | 1.5480
6 ;1.5138 1.6555 | 1.7277 | 1.6385 | 2.0776 | 1.7293 26 2.0056 | 1.4850 | 1.5514 | 1.4940 | 1.7636 | 1.5439
7 2.4904 | 1.6443 | 1.7201 | 1.6290 | 2.0676 | 1.7270 27 1.9866 | 1.4834 | 1.5498 | 14948 | 1.7580 ( L.5:140
8 2.4620 | 1.6302 | 1.7041 | 1.6170 | 2.0457 ; 1.7102 28 1.9682 | 1.4814 | 1.5481 | 1.4953 | 1.7532 | 1.5426
9 2.4315 | 1.6129 | 1.6852 | 1.3905 | 2.0200 | 1.6905 29 1.9503 | 1.4800 | 1.5462 | 1.4949 | 1.7486 | 1.5407
10 | 24002 | 1.5977 | 1.6663 | 1.5719 | 1.9939 | 1.6711 30 1.9328 | 1.4781 | 1.5440 | 1.4950 | L7444 | 1.5391
11 | 2.3692 | 1.5829 | 1.6487 | 1.5554 | 1.9687 | 1.6528 31 1.9157 | 1.4769 | 1.5424 | 1.4948 [ 1.7409 | 1.53372
12 | 2.3389 | 1.5698 | 1.6336 | 1.5418 | 1.9455 | 1.6364 32 1.8992 | 1.4751 | 1.5406 | 1.4942 | 1.7377 | 1.53536
13 | 2.3098 | 1.5598 | 1.6217 | 1.5315 | 1.9249 | 1.6230 33 1.8832 | 1.4740 | 1.5393 | 1.4941 | 1.7348 | 1.3339
14 | 2.2816 | 1.5491 | 1.6107 | 1.5224 | 1.9053 | 1.6112 34 1.8678 | 1.4728 | 1.5381 | 1.4953 | 1.7325 | 1.5329
15 | 2.2546 | 1.5405 | 1.6014 | 1.5149 | 1.8874 | 1.6008 35 1.8528 | 1.4714 | 1.5363 | 1.4947 | 1.7298 | 1.5310
16 | 2.2285 | 1.5314 | 1.5932 ) 1.5086 | 1.8711~| 1.3920 36 1.8384 | 1.4698 | 1.5339 | 1.4936 | 1.7269 | 1.32%Y
17 | 22032 | 1.5234 | 1.5857 | 1.5033 | 1.8553 | 1.3836 37 1.8245 | 1.4681 | 1.5312 | 1.4920 | 17238 | 1.5263
18 | 2.1787 | 1.5159 | 1.5796 | 1.4994 | 1.8408 | 1.5763 38 1.8111 | 1.4668 | 1.5288 | 1.4909 | 1.7211 | 1.5240
19 | 2.1549 | 1.5099 | 1.5744 | 1.4972 | 1.8279 | 1.5707 39 1.7982 | 1.4656 | 1.5268 | 1.4902 | 1.7187 | 1.5222
20 | 21317 | 1.5043 | 1.5698 | 1.4953 | 1.8157 | 1.5653 40 1.7858 | 1.4644 | 1.5250 | 1.4896 | 1.7166 | 1.5206
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397 3.12 MemnsameLdaulugl) Mean square error %093LA 3 12
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Obsv| EKF | MEKF | MEKF | MEKF | MEKF [ MEKI ] Obsy EKF | MEKEF | MEKFEF | MEKF | MEKF | MEKF
o [ H Lo | #2000 | #3000 | B ooh | HS 00N 0o Hlaoh | #200h | #3ueh | #dneh | BSn0)

1 | 4.4428 | 3.7972 | 3.5552 | 3.4870 | 17.370 | 15.303 21 2.0053 | 2.5617 | 17390 | 3.1412 | 5.2995 | 2.1436
2 | 34242 | 33011 | 3.5469 | 2.4689 | 14031 | 9.3996 22 1.9845 | 2.5101 | 1.7360 | 3.0878 | 5.2071 | 2.0870
3 [ 3.0117 | 27170 | 28163 | 1.1260 | 12.031 | 7.5096 23 1.9648 | 2.4631 | 1.7057 | 3.0404 | 5.1174 | 2.0406
4 | 2.8057 | 2.4847 | 2.4041 | 2.0977 | 10.593 | 6.0091 24 1.9468 | 2.4243 | 1.6870 | 3.0033 | 5.0283 | 1.9916
5 | 26795 | 2.4097 | 2.1409 | 2.0839 | 9.6284 | 5.0739 25 1.9298 | 2.3914 | 1.6650 | 2.9732 | 4.9394 | 1.9527
6 | 2.5708 | 2.3032 | 1.9678 | 2.1093 | &.8958 | 4.4079 " 1526 19136 | 23615 | 1.6512 | 2.9447 | 43853 | 1.9118
7 | 24974 | 23686 | 1.9142 | 2.2639 | 8.2335 | 3.9252 27 "1.8986 | 2.3254 | 1.6264 | 29064 | 47690 | |.8778
| 8 2.4425 | 243534 | L8463 | 2.4175 | 7.7907 | 3.5737 28 1.8846 | 2.2804 | 1.5986 | 2.8541 | 4.6918 l.8.3(>‘)
9 | 2.3923 | 2.5474 | 1.8788 | 2.6696 | 7.4113 | 3.3009 29 1.8712 | 2.2334 | 1.5673 | 2.7977 | 4.6147 | 1.7983
10 | 23482 | 2.7246 | 1.9130 | 2.9725 7..0757 3.1240 30 1.8584 | 2.1900 | £.5392 | 2.7432 | 4.5380 | L7586
11 | 2.3090 | 2.9049 | 2.0077 | 3.2768 | 6.7727 | 2.9849 31 1.8460 | 2.1508 | 1.5129 | 2.6939 | 44610 | 1.7232
12 | 2.2720 3.03'01 2 0560 3.504.13 6.5031 2.9058 ‘ 32 i.8342 2.1154 | 1.4884°| 2.6472 | 4.3878 | 1.6889
13 | 2.2339 | 3.0375 | 2.0472 | 3.5746 | 6.2754 | 2.8127 33 1.8231 | 2.0828 | 1.4668 | 2.6045 | 4.3186 | 1.6576
14 | 2.1974 | 2.9799 | 2.0079 | 3.5285 | 6.0944 | 2.6996 34 1.8126 | 2.0519 | 1.4439 | 2.5623 | 4.2338 | 1.6296
15 | 2.1644 | 2.8863 | 1.9530 | 3.4387 | 3.5907 | 2.5889 35 1.8027 | 2.0213 | 1.4231 | 2.5204 | 4.1897 | 1.6013
16 | 2.1322 | 2.8180 | 1.9212 | 3.3699 | 3.8175 | 2.4875 36 1.7934 | 1.9935 | 1.4043 | 24819 | 4.1272 | 1.57539
17; 2.1037-| 2.7619 | 1.8831 | 3.3280 | 3.6974 | 2.4069 37 1.7846 | 1.9664 | 1.3849 | 2.4442 | 4.0667 | 1.5528
18 | 2.0764 | 2.7224 | 1.8587 | 3.2970 | 5.5863 | 2.3301 38 1.7'761 1.9393 | 1.3662 | 2.4055 | 4.0094 | 1.5290
19 | 2.0510 | 2.6714 | 1.8205 | 3.2521 | 5.4871 | 2.2641 39 1.7680 | 1.9107 | 1.3465 | 2.3658 | 3.9553 | 1.5065
20 | 2.0274 | 2.6189 | 1.7943 | 3.1994 | 5.3919 | 2.1985 40 1.7604 | 1.8813 | 1.3261 | 2.3251 | 3.9042 | 1.4836
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Obsv| EKF | MEKF | MEKF | MEKF | MEKEF | MEKF Obsv FRF | MEKEF | MEKEF [ MEKEF | MEKEF | MERL
1o Bluoh | H2u00h [ #3 e’ | =40h [ #5000 i} Hiaoh | #H2Zooh | H3gah | Bdaoh | HSwh
1 33445 | 23249 | 26624 | 2.1099 | 29702 | L8797 21 $.2170 [ 4.0321 | 34319 | 46797 | 29589 | 3.6020
2 3.8220 | 24489 | 2.6742 | 2.59106 | 22399 | 2.0042 22 31776 | 41051 | 34158 | 4.6576 | 29410 | 3603 l_
3 4.1038 | 24076 | 2.5762 | 2.3259 | 29879 | 2.0442 23 4.1401 | 4.1470 | 3.4097 | 4.6351 29307 | 3.0540
4 4.3044 [ 23393 | 2.4707 | 2.2592 | 19352 '.l 9720 24 41049 | 42115 | 3.3948 | 4.6230 |* 29244 | 16593
3 4.4349 | 2.3248 | 24003 | 2.1852 | 238724 | 19192 235 40713 | 4.2532 | 3.3818 | 46130 | 29171 .‘.('y(%i
6 44590 | 23136 | 23617 | 2.2489 | 23119 | 1.8940 26 4.0389 | 4.3137 | 3.3686 | 4.6018 | 29087 | 3.6031
1 4.5066 | 2.3202 | 2.4023 | 24173 ‘\ 2TH69 | 19399 | 27 F.0083 | 43581 | 3.3642 | 4.5900 | 29027 | 30000
8 | 4.5547 | 23881 | 2.3599 | 2.6800 i 213001 | 2.0986 28 39775 | 43831 | 3.3446 | 4.5538 | 2.8827 | 30245
9 4.5827 | 2.5105 | 2.6931 | 3.0763 | 28338 | 2.3500 29 39469 | 4.3890 | 33118 | 5033 | 2.8530 | J.00O7N
10 | 4.6006 | 2.6680 | 2.8531 [ 34814 1 29198 | 2.6401 30 39165 | 4.3801 [ 3.2705 | 44358 | 2.8180 | 3.3530
11 | 46128 | 2.8541 | 3.0384 | 3.8833 ; 19901 | 29242 31 3.8870 | 4.3705 | 3.2298 | 4.3741 | 2.7856 | 3.5099
|
12 | 46150 [ 3.0713 | 3.2493 | 4.2562 | 30671 [3.2435 32 3.8584 | 4.3561 | 3.1940 | 43115 | 2.75361 | 34616
13 | 4.5842 | 3.1739 | 3.3494 | 44608 ‘ 30629 | 33533 33 3.8306 | 4.3452 | 31575 | 42378 | 2.7287 | 34226
14 | 443253 | 32832 | 33488 | 43000 . 50184 | 3.3940 34 3.8032 | 3240 ) 30194 | L1977 | 2.6986 | 33764
15 | 4.4474 ) 23588 | 33384 | 44883 | 19657 | 3.3783 35 3.7762 | 4.2698 | 3.0796 | 4.1377 | 2.6350 | 3.3308
16 | 4.4240 | 3.5006 | 3.3438 | 4.5197 | 2.9448 | 3.4299 36 3.7498 | 4.2373 | 3.0394 | 4.0741 | 2.6671 | 3.2805
17 | 43801 | 3.6187 | 3.4011 | 4.5861 ; 2.9589 | 3.4948 37 3.7236 | 43890 | 3.0257 | 4.0104 | 2.6015 | 5.2303
18 | 4.3405 | 3.7832 | 3.4397 | 4.6572 | 2.9410 | 3.6085 38 2.6976 | 4.1994 | 2.9025 | 3.9438 | 2.5670 | 3.1775
19 | 42995 | 3.8727 | 3.4611 | 4.7064 | 2.9987 | 3.6534 39 3.6719 | 4.1638 | 2.9102 | 3.8805 | 2.5336 | 3.1280
20 | 4.2584 | 3.9803 | 3.4453 | 4.7093 | 2.9841 | 3.6816 40 3.6462 | 4.1232 | 2.7602 | 3.8147 | 2.5G04 | 3.0764




MS Position Errors

MS Position Error

(km.}

0.05
0.045} |
e s mlszasans
o4 E— EKF 1t=31.61s
BE— MEKF #]1 :t= 35.57¢%
= I B MEKF #2 :t~34.74 s
0.035 E—» MEKF #3 :t= 3583 «
\ B—» MEKF #4 :t= 33.95
003+ B EE— MEKF #5 :t=3534s
o025F W
Q002
D015}
0.01 L . R
0.005 . = i ! = = o
0 5 10 15 20 25 3 35 40

Observations

71i#1 3.14 MS Position error LWL Y fldndanasiin EXF was MEXF Ussinmenae)

{km.)
0.045
004 e e slssanann
El— MEKF #1 :t= 3557«
0.035} B— MEKF #2 :t=3474s
\ E— MEKF #3 :t=— 3583 s
A Bl—» MEKF #4 1t~ 33.95 «
a.03F I, tt=353a4s
0.025 L
.02 (
0015}
001
oL . . . . - =
0 5 10 15 20 25 30 35 40
QObservations

717 3.14.1 MS Position error LMunY Y 7l ndanaivi MEKF 1ssunmenen



GNANIA 3 14 ﬂ'mnmawﬂﬁauhqﬂ Mean scuare error

YBILN 314
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Obsv| EKF | MEKF | MEKF | MEKF | MEKF | MEKF Obsv EKE | MEKE | MEKEF | MERF | MERLD | MEKY
1o Blaob | B2 | B30 | 84000 | #5007 (107} Blooh [ B2z [ #3eeh | #amh | B
t 37018 | 42456 | 44412 | 43458 | 44673 | 40.893 21 10.849 | 82149 | 87646 | 10,500 | 10888 | 7.7057
2 28,050 | 28.622 | 25.446 | 24380 [ 34311 | 31.146 22 10,627 | 81217 | 85373 | 10.210 | W0.722 7.5.\‘1;‘
3 | 21,992 | 20.505 | 19.044 | 18194 [ 27.315 | 23.387 23 10.418 | 79915 | 83092 5,‘) 127 | 10203 | 7.3904
i o~
4 19.637 | 16,496 | 16.379 | 16.385 | 23.275 | 18.763 24 10.225 | 7.8861 | 1001 | 9.6391 [ 100006 | 7.2030
5 18,502 | 13987 | 14399 | 11879 | 20.681 15.956 25 10,044 | 7.7838 | 7.9006 | 9.9315 [ 10.251 7.0320
6 17,553 | 12468 | 13.731 ] 14.235 | 18761 | 14.073 26 0.8737 | 7.7125 | 7.7134 | 9.1621 | 10.101 (:.S'/UL‘I
{
7/ 16,836 | 11,382 | 12.840 | 13830 | 17.410 12.821 |‘ 27 97146 | 7.6179 | 7.3200 | 89347 | 99000 (._7&
8 16,187 1 10,544 ] 12,072 | 13319 | 10419 | 11.826 | 28 95664 | 7.5210 | 7.3316 [ 87077 | 9.8170 | 65081
9 15551 | 99735 | 11692 | 13.073 | 13385 | 11.064 29 0.4275 | 74241 | 71841 | 84902 | 9.6719 | 64265
10 | 14963 | 97264 | 11.452 [ 13.193 | 14.875 | 10.605 30 92961 | 7.3337 | 7.0288 | 8.2976 | 93265 | 6.2924
11 | 14428 | 9.6087 | 11.289 | 13.359 | 14.246 | 10.271 31 91717 | 7.2452 | 6.8807 | 1131 | 9.3902 | 61650
12 | 13.930 | 94916 | 11.057 | 13.447 | 13.685 | 10.046 32 9.0543 | 7.1537 | 6.7428 | 7.9331 | 9.2650 | 6.0+451
13 | 13461 | 9.354% | 12.990 | 13.355 | 13.169 | 9.7720 33 89443 | 7.06335 | 6.6262 | 7.7709 | 9.1545 | 5.9311
14 | 13.020 | 93214 | 10.750 | 13.075 | 12.713 | 9.5802 ‘ 34 88412 | 69809 | 6.5270 | 7.6303 | 9.0544 | S.830N
15 | 12,619 ] 9.1649 | 10.495 | 12,676 | 12312 | 9.0730 35 8.7430 | 6.9098 | 6.4308 | 7.4969 | 8.9364 | 3.7487
16 | 12255 ] 9.0120 | 10.123 | 12.232 | 11.976 | 8.9985 36 8.6497 | 6.8439 | 6.3541 | 7.3788 | 8.8641 | 5.6659
17 | 11.924 | 8.7808 | 9.7905 | 11.833 | 11.704 | 8.6790 37 8.5609 | 6.7909 | 6.2894 | 7.28006 | 8.7826 | 5.6102
18 | 11.622 | 8.5972 | 9.4739 | 11.455 | 11.478 | 8.4128 38 2.4768 | 6.7456 | 6.2344 | 7.1925 | 8.7121 | 35450
19 | 11.343 | 84204 | 9.2206 | 11.103 | 11.265 | 8.1576 39 83967 | 6.7057 | 6.1812 | 7.1114 | 8.6495 | 5.4991
20 | 11.087 | 83262 | 89883 | 10.798 | 11.070 | 7.9578 40 8.3205 | 6.6727 | 6.1359 | 7.0360 | 8.5907 | 5.4580




il 5 - §1u 4 Observers U Emitter a¢flu Observers area
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G110 3.15 ﬂ'\mm»mm#xﬁatthsgti Mean square orror 233U 3.16

MEKFE ‘

Obsy I",K)F MEKEF [ MEKF | MEKEF | MEKK Obsyv EKF | MEKF [ MEKEF | MEKEF [ MEKEF | MERKEF
oy | #laoh | B2ueh) | H3peh | 24l | #5000 | o [ B Lo [ H2Zoae) [ H3uah | B4t | S
i 28892 | L7473 | L7458 | L5418 | 23832 | 18782 i I 21 JATI8 | 24896 | 2.6424 | 18611 | ANXIS | 27442
\
2 3.0957 | 25229 [ 2.2931 | 1.7634 | 3.2431 | 2.3122 22 JL3E | 24163 | 25720 [ 1213 | 37330 | 26700
3 3.3616 | 2.6908 | 2.6867 | 2.0633 | 3.8832 | 2.8773 | 23 3.0583 ‘2,31167 2.5052 | L7891 | J.ode7 | 2.6010
4 3.6094 | 3.1621 | 3.1562 | 2.3740 | 4.3802 | 3.2608 | 24 3.0054 | 2.2822 | 24436 [ 1.7648 | 3.5k | 2.3308
5 38131 | 33564 | 34510 | 2.6042 | 4.7327 | 30157 | 5] 29553 | 2.2228 | 23871 | L7454 | 34579 | 247X
6 3.9399 | 35381 | 3.6420 | 2.7244 | 49292 | 37769 i i 26 Zf)()éi()_ _2.l673 23347 | L7272 3 A7ed | 24208
o 4.0015 | 3.6067 | 3.7346 | 2.7850 | 30471 | 38870 } i 2T 28632 | 21138 | 222859 | L7101 | 33009 | 23733
8 4.0289 | 3.6743 | 17846 | 28195 | 31215 | 39444 ] 28 2.8206 | 2.0677 | 2.2407 | 1.o940 | 3.12%0 | 23202
9 4.0167 | 3.6192 | 3.7671 | 2.7736 | 3.1489 | 3.9498 FAY 27802 | 2.02344 | 21985 [ 1.6807 | 316253 | 22820
10 | 3.9679 | 3.5514 | 3.6974 | 2.6837 | 5.0920 | 3.8630 | 30 27415 | LOSIL | 21581 | 16692 | 3.0980 | 22411
11 | 3.8983 | 3.4477 | 3.3944 | 2.5798 | 49963 | 3.7602 : } 31 27047 | 19420 | 2.1199 | 1.6595 | 3.0362 | 22013
12 | 3.8206 | 3.3586 | 3.4870 | 2.4819 | 43849 | 3.6467 E : 32 2.6694 | 1.9046 | 2.0833 | 1.6506 | 2.97069 | 2.1640
13 | 3.7400 | 3.2455 | 3.3750 | 2.3873 | 47623 | 3.5290 : i 33 2.6356 | 1.8695 | 2.0485 | 1.6427 | 2.9200 | 2.1282
14 | 3.6592 | 3.1443 | 3.2711 | 2.3003 | 4.6381 | 3.4124 ‘ i 34 2.6032 | 1.8371 | 2.0163 | 1.630+4 | 2.8663 | 2.0v32
15 | 3.5797 | 3.0360 | 3.1638 | 2.2204 | 4.5140 | 3.3026 | | 335 2.5721 | 1.8076 | 1.9872 | 1.6324 | 2.8162 | 2.0649
16 | 3.5026 | 2.9342 | 3.0628 | 2.1478 | 4.3921 | 3.1933 36 2.5423 | 1.7812 | 1.9605 | 1.6315 | 2.7691 | 2.0377
17 | 3.4302 | 2.8354 | 2.9679 | 2.0802 | 42752 | 3.0913 37 2.5135 | 1.7561 | 1.9356 | 1.6297 | 2.7249 | 2.0107
18 | 3.3609 | 27407 | 2.8783 | 2.0180 | 4.1595 | 2.9949 1 38 24856 | 1.7326 | 1.9116 [ 1.6256 | 2.G830 | 1.9880
19 | 3.2950 | 2.6515 | 2.7944 | 1.9611 | 4.0470 | 2.9048 | I 39 2.4586 | 1.7091 | 1.8875 | 1.6186 | 2.6433 | 1.9641
1
20 | 3.2323 | 2.5690 | 2.7175 | 1.9084 | 3.9392 | 2.8218 ; 40 2.4324 | 1.6861 | 1.8643 | 1.6089 | 2.6057 | 1.9399
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o

61

ST 316 ﬂ'm:?}Jﬂmmﬁmﬂugﬂ Mean scuare error 99970 3.16
1
Obsv| EKF | MEKE | MEKIE | MERKFEF | MEKF | MEKEF Obsy EREF | MEKEF | MEKEF [ MEKEF | MEKEF [ MK
ok Bl [ H#2wh |83 0| #4uh | #5500 (10 Bloaoh [ #2ooh | BImn | #4855
|
1 46006 | 3.2717 | 3.2022 | 33819 | 1.5737 | 1.4800 21 2.7830 | 15218 | 1.4262 | 2.0452 | 44600 | 20103
2 35876 | 2.8174 | 3.2598 | 23913 | L2468 | 9.1378 22 2.7564 | 15015 | L4313 [ 20082 | 44160 | ) ‘)')l-l_
3 3.1820 | 2.2618 | 2.5663 | 2.00%0 | 1.0530 | 7.1006 23 2.7319 | 14856 | 1.4299 | 2.0000 | -LIO6R3 | 19720
4 3.0331 | 2.0014 | 2.2105 | 2.0325 | 9.2139 | 5.6410 24 27099 | L4731 | L4336 | 1.9880 [ 4.3221 | 19476
5 30174 | 19293 | 19953 | 2.1091 | 82221 [ 4.7397 25 2.6888 | 14608 | 14394 [ 19728 | -L280% | 10307
6 J0433 | L8RS | LSHT | 21022 | 75118 | 41135 26 2.6686 | 14300 | 1487 [ 19374 | 2393 | 19133
7 30338 | 1.8R23 | L7309 | 22239 | 6.9392 | 3.6726 I 27 2.6490 | 14391 | L4339 | 19402 | 41977 | 1 o
8 30080 | L1901 | L6757 | 2.2094 | 6.3304 | 3.3382 28 2.6297 | 1.4276 | 14642 | 1.9205 | L1564 | 18930
9 30000 | L7886 | L6211 | 20962 | 6.15312 | 3.089% : 29 26115 | 14163 | 14679 | 1.9016 | -L 1134 | 1.8830
10| 29972 | 17650 | L3122 | 21839 | 5.8692 | 2.8809 30 2.5943 | 1.4051 | L4728 | 1.8836 | 40708 | 1.8702
11 | 29855 | 1.7599 | 1.5367 | 2.2227 | 5.6333 | 2.7208 31 2.5782 | 1.3940 | 1.4725 | 1.8677 | 4.0270 | 18390
12 | 29739 | L7459 | 14986 | 2.25373 | 54358 | 2.5754 32 2.5637 | 1.3839 | L4721 | 1.8541 | 3.9824 | 1.8437
13 | 29649 | 1.7275 | 14653 | 2.2723 | 52616 | 24556 33 2.5504 | 1.3736 | L4687 | L8411 | 39372 | 1.8292
1
14 | 29580 | L7145 | L4336 | 22957 | 5.0992 | 2.3460 i 34 2.5380 | 1.3632 | 14647 | 1.8280 | I8015 | 1811V
15 | 2.9485 | 1.7028 | 14059 | 2.3038 | 4.9522 [ 2.2529 | 35 2.5267 | 1.3511 | L4605 | 1.8119 | 3.8472 | 1.7936
16 | 2.9347 | 1.6762 | 1.3853 | 2.2911 | 4.8214 | 2.1700 36 2.5167 | 1.3392 | 1.4562 [ 1.7947 | 3.8043 | 1.7802
17 | 2.9107 | 1.6369 | 1.3748 | 2.2462 | 4.77121} 2.1057 i 37 2.5068 | 1.3271 | 1.4541 | 1.7762 | 3.7638 | 1.7653
18 | 2.8795 | 1.5989 | 1.3%28 | 2.1866 | 4.6290 | 2.0596 38 2.4973 | 13152 | 1.4504 | 1.7564 | 3.7223 | 1.7518
19 | 2.8462 | 1.5688 | 1.4034 | 2.1300 | 4.5670 | 2.0371 39 2.4881 | 1.3023 | 1.4451 | 1.7369 | 3.6796 | 1.7368
200 | 2.8126 | L5467 | 1.4244 | 2.0830 | 4.5176 | 2.0286 40 2.4791 | 1.2892 | 1.4369 | L7173 | 3.6356 | 1.7208%
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o797 3,17 ﬂ'm'mma*,mﬂ‘ﬁ'mf.,ugﬂ Mean scquare error *nmy‘ﬂﬁ 3.7
T
Obsv| FEKEF | MEKEF | MEKYEF | MEKFEF [ MEKF [ MEKF Obsy { EREF | MEKE | MERKE | MEKE | NMIEKE | MEKEF
oY) Hriooh | B2 [ H3mbh | #400h | #3000 3y TR I3 ATV 730 JYRTPIR. O B TR

I 3.9997 | 2.2875 | 2.0134 | 2.2939 | 2.3504 | 1.8103 21 TAGLS | 37673 | 29389 | 3.3262 | 2.2080 | 22719
2 4.8638 | 4. 7168 | 2.3336 | 3.1624 | 23488 | 1.9358 22 _-1_7;“)85 37266 | 29113 | 3.2713 | 21870 | 2.259%
3 5.4669 | 3.9097 | 2.1477 | 2.8420 | 2.2983 | 1.8955 | 23 TOSSL [ 37000 | 2.8993 | 3.232:4 | 21789 | 22614
4 | 6.0218 | 3.7136 § 2.1015 | 28021 | 2.2571 | '1.8609 | 24 70108 | 3.6737 | 29104 | 3.2057 | 21869 | 2.2737
5| 6.4623 | 3.5394 | 2.0733 | 2.7873 | 2.2196 | 1.8306 25 6.9619 | 3.6406 | 29085 | 3.1728 | 2.1830 | 22745
6 | 6.7684 | 34829 | 2.0915 | 2.8145 | 21844 | 1L.8IGY ; 26 GO125 | 36046 | 228954 | 31361 | 2.1707 | 22083
7 09316 | 3451 | 2.0922 | 2.8390 | 21522 | 1.8249 ; 2, 0.86027 | 35039 | 28765 | 39963 | 21522 | 228N
8 70164 | 3.4335 | 2.1261 | 2.9055 | 2.1208 | 1.8329 28 6.8126 | 3.5253 | 2.8524 | 3.0569 | 21299 | 22409
9 71120 | 34950 | 2.2193 | 29880 | 21054 | 1.86YY 19 0.76-10 | 34889 | 2.8303 | 3.0204 | 21105 | 22380 |
10 | 7.1922 | 3.5633 [ 2.3282 | 3.0930 | 2.11535 | 1.9470 30 G.7166 | 3.4348 | 2.8118 | 2.9864 | 2.0941 | 22178
11| 7.2464 | 3.7075 | 24519 | 3.2305 | 2.1471 | 2.0394 31 6.6706 [ 3.4241 | 2.7937 | 2.9562 | 2.0805 | 2.20%
12 | 7.2905 | 3.7703 | 2.5815 | 3.3471 | 2.1981 | 2.1420 32 6.6264 | 3.3925 | 2.7787 | 2.9275 | 2.0697 | 2.2017
13 | 7.3269 | 3.8519 | 2.7302 | 3.4373 | 2.2428 | 2.2085 ; 33 6.5836 | 3.3632 | 2.7645 | 2.9004 | 2.0584 | 2.1¥k0
14 | 7.3378 | 3.8994 | 2.8400 | 3.5226 | 2.2834 | 2.2949 34 6.5418 | 3.3338 | 2.7497 | 2.8737 | 2.4066 | 2183
15 | 7.3793 | 3.9551 | 29763 | 3.5773 | 2.3186 | 2.3416 35 6.5013 | 3.3074 | 2.7381 | 2.8487 | 2.0351 | L.17™
16 | 7.3913 | 3.9933 | 3.0848 | 3.6375 | 23516 | 2.4116 36 6.4622 | 3.2838 | 2.7256 | 2.8251 | 2.0233 | 2.17IX
17 | 7.3737 | 3.9770 | 3.1314 | 3.6192 | 2.3436 | 2.4074 37 6.4230 | 3.2569 | 2.7060 | 2.7992 | 2.0075 | 21514
18 | 7.3329 | 3.9298 | 31036 | 3.5583 | 2.3142 | 2.3844 38 6.3839 | 3.2305 | 2.6821 | 2.7712 | 1.9889 | 2.1467
19 | 7.2794 | 3.8779 | 3.0630 | 3.4819 | 2.2779 | 2.3441 39 6.3452 | 3.2028 | 2.6534 | 2.7435 | 1.9687 | 2.1309
20 | 7.2179 | 3.8127 | 2.9911 | 3.3954 | 2.2404 | 2.3021 40 6.3068 | 3.1758 | 2.6233 | 2.7151 | 1.9478 | 2.1127
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a3

G115 IRIGAGY mmwwmﬁmflugﬂ Mean scuare error “ﬂ@NglM 313
1
Obsv EKEF | MEKE | MEKEF | MERYF | MEKEF | M l",K!Tl . Obsv EREF | MEKE | MEKE | MEREF | MEKEF ] MERKE
(0 Hlooh | 2 0oh A3 #daoh | #5000 aa) il #2Zah ] #3aes | #dmt ]| #Sm
[
1 49030 | 15470 | 44501 | LSTTX | 44021 [ 42141 21 1.8006 | 10548 | 08510 | 11 | 13290 | 0.8039
2 29916 | 29022 | 25541 | 2.6720 | 3.0839 | 3.5¢84 | 22 1.7639 | 10354 | 0.8299 | 1.O878 | L3120 | O.R4N2
3 2.4007 | 2.1874 | 1.9360 | 2.1085 | 371420 | 2.6931 : 23 1.7287 | L0195 | 08115 [ 10654 [ 1.5021 | 0.83-H
4 2.2452 | 1.9293 | 17268 | 2.0103 | 2.7928 | 2.1820 | 24 1.6953 | 1.0071 | 0.7968 | L.0468 | 1.4975 | 0:8223
3 22559 | L7919 | 1.6042 | 19808 | 2.5439 | 1.8763 l bt 1.6634 | 0.9969 | 0.7837 [ 1.0313 | 14921 | 0.8132
6 22940 | L7365 | 1.5236 | 19583 | 2.3540 | 1.6781 f 26 1.6332 | 09881 | 0.7722 | 1L.OI71 | LRG| 083040
i 23043 | 17028 | 14863 | 19380 | 21977 | 1.3387 . 27 Lo047 | 09799 | 04612 | 10042 | 1800 | 07971
8 23002 | 1.6465 | 1.4096 | 1.8945 | 2.0726 | 1.4470 | 28 1.5773 | 09721 | 07511 | 09919 | L4737 | 0.7897
9 22912 | 15785 | 1.3434 | L8125 | 1.9839 | 1.3577 | 29 LS313 | 096353 | 0.7417 | 09814 | 1690 | 0.7N30
10 | 22663 | 1.5045 | 1.2694 | 1.7201 | 1.9201 | 1.2846 | 30 1.5264 | 0.9596 | 0.7328 | 0.9714 | 140636 | 0.7779
11 2.2268 | 14465 | 1.2219 | L6388 | 18679 | 1.2190 31 1.5026 | 0.9332 | 0.7238 | 0.9615 | 14620 | 0.7725
12 | 21842 | 1.3908 | 11658 | 1.5692 | 1.8252 | 1.1681 | 32 1.4799 | 0.9465 | 0.7475 | 0.9510 | 1.4600 | 0.7604
13 | 2.1409 | 13425 | 1.i23% | 1.5013 | 1.7884 | 1.1205 | 33 1.4383 | 0.9394 | 0.7058 | 0.9404 | 14570 | 0.7603
14 | 2.0980 | 1.2967 | 1.0822 | 1.4403 | 1.7537 | 1.0807 34 L4374 | 09327 | 0.6974 1 0.9304 | L4338 | 07540
15 | 2.0546 | 1.2534 | 1.0437 | 1.3825 | 1.7213 | 1.0424 | 35 1.4175 | 09272 | 0.6903 | 0.9217 | 1.4510 | 0.7480
16 | 2.0109 | 1.2120 | 1.0042 | 1.3272 | 1.6921 | 1.0075 36 1.3984 | 0.9232 | 0.6838 | 0.9150 | 14485 | 0.7436
17 1 19672 | 1.1741 1 0.9702 | 1.2759 | 1.6570 | 0.9743 __S_57 1.3801 | 0.9193 | 0.6776 | 0.9186 | 1.4444 | 0.738Y
18 1.9229 | 1.1385 | 09351 | 1.227G | 1.6211 | 0.9437 38 1.3626 | 0.9144 | 0.6706 | 0.9013 | 1.4388 | 0.7341
19 | 1.8801 | 1.1065 | 0.9039 | 1.1847 | 1.5868 | 0.9141 39 1.3458 1 0.9081 | 0.6629 | 0.8929 | [.4317 | 0.7285
20 | 1.8392 | 1.0786 | 0.8760 | 1.1468 | 1.5533 | 0.8882 40 1.3298 | 0.9003 | 0.6545 | 0.8833 | 1.4234 | 0.7218
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SHINT S 1Y \"”\"TJI:\N‘.ﬂ]U‘.L\"}.\l:‘,i“sﬁsh‘-‘ﬁ Mean square etror YgiUn 319
v =

\ \
Obsv| KFEFR | MKFFTR | [Obsv] KEFTR | MEVFTR | [Obsy| KFeR \ MEFETR T EObsvt KFFIR | MRFFTR
3 1 ' N 1 % 2 3
(m (1) ! (1) (m (1) (1oy : i) am
| ;
1| 00402 | 0020 1| 00273 0.0330 20 | 0.008) 0.0023 UL o7as | oon
2| Lo RN 17 | 00000 0.0000 ‘ 22| 00090 | 00054 | § 32 | 00503 | 000ds
3| 05673 | 0681 13| 0.042% 0.0504 25| 00000 | 00000 |33 | 00572 | 0005
|
4] 01 ] 00391 14| 00014 0.0027 20| 00076 | oong || se | ugenr | oot
) : | '
5 | 00582 | 00567 15 { 0.0046 0.002% 25 | 00092 | 00134 | | 35 | 008 | 00437
6 | oommn 0.0160 | | 16 | 00012 0.0004 2 | 00304 | 00372 | |36 | 00337 | 00400
| ] j
[ 7 | a0z | poay 0027 0.0221 27000408 | 00dT [ 5T 00a | oo
8| w02 | 00321 18 | 0,00 0.0019 28 | 0.0291 00344 3% 0 00163 | 00sa2
o
D) Q0139 .0208 19 0.0144 0.0100 29 0.0313 0.0375 | RO “ [ERSRUA Q0o
T 1
' !
| o |
| o | o3 00388 | | 20 | 00041 0.0020 L.m 0.0383 | 0.0430 ‘r 0| 00330 | nos

5 , e a9 =
M3 3.20 mmmwamﬂaaumgﬂ Mean square error 993U 5,20

v

Obsv| KE+TR | MKF+TR |()h.w KF+TR | MKF-TR | |Obsv] KF+FIR 1 MKF+TR éom\ Kl~'+'lT(' .\mwru—’
an™t | any? ao* aoy”? oy ? | qoy?t | aoy v
?
1 14,224 14.140 1 | osis 00557 || 21 | 0a356 | 0.1091 | 31 ] 00706 | 00911
Lz 1.7353 1.7725 12 | 04708 0.4137 22 | o127t | 0.1003 i 52 | 0.0889 | 00758
{
3 | 03093 | o0si22 13| 05187 0.4630 23 | 00379 | 00223 ]g 0.0625 | 0.0459
4 | 04533 | 04511 14 | 05900 0.5359 24| 00317 | 00197 || 35| 00013 | o000
s | Lsiag 14821 15 | 04586 0.4167 25 | 0.0006 | 0.0000 35 | 0.0000 | 0.0000
6 | 18761 1.8532 16 | oa283 0.3817 26 | 00010 | 00039 36 | 0.0039 | 0.0004
7 | 07528 | 07379 17 | 0.2896 0.2534 27 | 00630 | 0.0809 37 | 00020 | 0.0047
8 | 08343 | 07019 18 | 0.1217 0.0961 28 | 00335 | 00458 | ! 3% | 0.0082 | 60025
9 | 14297 1.3488 19 | 03860 0.0252 29 | 00112 | 00189 39 | 00057 | 0.0042
i
Llo 08573 | 0.7863 20 | 09221 0.0702 30 | 00532 | 00699 || 40 | 0.0003 | 0.0001
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L
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Obsv| KEFTR | MKF€TR | |Obsv| KFFUR | MKFFER | [Obsv| KFCTR | MRFSTR | [Obsy| KEFPR | MKEFFIR
an | ao (0 ) (10 a0 | (o R
\
1 18,504 18,303 | 19 0.8598 2t | osswy 0.2010 SU |02 00947
2 3.6920 2.7214 12 | 13894 0.6665 22 | 09024 01944 321 0ass 01170
3 1.2545 0.8350 13| 18180 0.6993 3| 03367 0.0759 33 02001 0.0837
4 2.0321 0.6830 14 | 1874 078557 1 | 24 | 0.5652 0.063-4 34| 05029 10000
s 41002 2.0825 15 | 17153 0.6230 25 | 03403 0.0057 35| 00070 0.0000
6 4.6437 2.5227 16 | 1.8395 0.5828 26 | 02738 00000 || 36 | 0.7294 0.0009
- 26208 09423 L7 | 14des 04086 | 127 | (.2405 0.0752 s e 00223
— |
8 25693 L0350 | 118 | 09401 0.1766 | 03629 00577 | D as | o DTS
9 3.7765 L1916 1 | oesin 0.0637 29 | 04890 0.0100 39 | 07 00209
10| 25756 11923 20 | 07623 0.1405 30 | 02772 0.0632 10| 0568 0.0032
'mi“.d“?.? 322 MANINAG 'ﬂg?tﬂ;‘,&gﬁ Mean square error °2Jadjj°dﬁ 3.22
1
Obsy| KF+TR | MKF+TR | [Obsv| KE+TR | MKFFTR | [Obsy| KFFTR | MKF+TR | [Obsy| KESTR | MRESTR
aoy” | oyt ao™t | any”? aoy | oy an” | am

| 1 38.767 36.749 1| 15893 1.0272 21 | 10110 0.5226 31 | 05794 | 10342
2 | 25443 23.791 12 | 1.8400 1.2511 2 | 1.0797 0.5541 32 | 05738 1.0080
3| 82237 7.5991 13| 11572 | 06486 23 | 03322 0.0833 33 | 0.4473 0.5510
4| 47037 3.5085 14 | 21476 1.4444 24 | 01627 0.0122 34 | 00712 0.0943
5 | 92195 6.2079 15 | 23763 1.5572 25 | 0.0076 0.0241 35 | 0.0443 0.0567
6 | 9.6372 6.4932 16 | 22455 13110 26 | 0.0293 01553 36 | 0.0009 0.0013
7 | 25285 1.3649 17 | 23100 1.4060 27 | 03828 | 06977 37 | 0.0071 0.0070
8 | 24751 1.4576 18 | 09333 | 0.4436 28 | 0.1896 0.4297 38 | 0.0006 0.0006
9 | 44226 3.2418 19 | 06545 | 0.2639 29 | 00792 0.2838 39 | 0.015s 0.0143
| 22528 1.5069 20 | 07755 03586 | | 30 | 02940 0.6377 50| 00024 0.0024
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Obsv| KEFFTR | MKF+TR | [Obsv| KEFFTR | MKFFIR | Obsy| KFFIR | MKFFTR | [Obsy| KEFFTR | MKFFTR
10y’ (1 (o (i I (10} (10 (10) a0y
‘
{
1 0.0345 0.0-4:40 1| 04812 | oaoss || 2t | 00105 (0.0136 3t ow22 10252
2 0.0341 0.0377 12 | 0.3802 0.3937 22 | 00193 0.0235 32| 00211 0.02:42
3 0.3533 0.3612 13 021 0.2261 23| 00109 0.0136 33 00153 S0
4| 06612 0.7089 14 | 02503 02714 24| 0.0082 0.0105 34| 0017 0.0200
5 0.6664 0.6997 15 | 01697 | 01868 25 | 00032 0.0042 35 | 00422 0.0415
6 0.6395 0.6663 16 | 00958 0.1010 26 | 0.0080 0.0102 36 | 0.0555 0.0548
7 (.7067 0.7206 17 | 01237 0.038 || 27 | 00110 0.0113 37 | 0.0669 00715
8 1.0661 10842 18 | 00048 0.0196 \ 8 | 0.0084 0.0107 3% | G0sel D054
9 1.1128 11421 19 | 00134 0.0176 29 | 00183 0.0087 39 | 0.0474 0.0511
10 | 06724 0.6931 20 | 0.0106 0.0140 30 | 00228 0.0261 40| 0.0464 00300
“ﬂsN“?l\ 324 'éwsmﬁmmwf’%a*f‘u;ﬂ Mean square error °Uad‘g°l_\°ﬁl 24
Obsv| KF+TR | MKF+TR | |Obsv] KF+TR | MKF+TR | {Obsv| KF+TR | MKF+TR | [Obsv] KF+TR | MKF+IR
any™> | aoy? aoy”’ | ao”’ an™* | ao’ an” ' | o’
1 8.4080 8.5794 11 | 00167 0.0145 21 | 0.0289 0.0264 31 | 0.0226 0.0207
2 0.3864 0.4133 12 | 00246 0.0231 22 | 0.0275 0.0249 32 | 0.0294 0.0270
3 0.0039 0.0040 13 | 0.0110 0.0110 23 | 0.0278 0.0229 33 | 0.0280 0.0250
4 0.0027 0.0009 14 | 00416 0.0443 24 | 00211 0.0187 34 | 00477 0.0433
5 0.0662 0.0567 15 | 0.0316 0.0036 25 | o0.0046 0.0036 35 | 00757 0.0704
6 0.0365 0.0314 16 | 0.0413 0.0038 26 | 00158 0.0140 36 | 0.039 0.0363
7 0.0422 0.0381 17 | 0.0878 0.0008 27 | 0.0459 0.0432 37 | 00727 0.0681
8 0.0700 0.0617 18 | 0.0412 0.0415 28 | 00419 0.0392 38 | 0.0695 0.0645
9 0.0220 0.0198 19 | 00123 0.0135 29 | 0.0429 0.0403 39 | 0.0806 0.0760
10 | 00106 0.0005 | | 20 | 00398 0.0031 30 | 00158 0.0139 10 | 00765 0.0721
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u

Obsy KIFHIR MRKEFHTR | Ohsy KF+TR MRKEF+HTR \ O bsy KIFHFTR MKI+HTR Ohsv KE+TR MRKEFIR
(10) a0) (10) L0 | (10) (10 (o (0

t| o 10a3 10.994 1] oovdt | 00008 21 | oo0ses | 0.0941 st | 0o | oooees

2 ().53883 0.7731 12 00108 0.0007 22 0.0588 0.09492 32 0.0-431 00710

3 | 00097 | 00007 13 | 00043 | 00000 23 | 00488 | 00800 33 | 00452 | o070

4 0.0072 0.0263 14 0.0920 01514 24 0.0359 0.0614 34 0.7 O T03N

5 0.1080 0.1701 13 00169 O.0-407 i 25 0.0096 0.0238 33 01316 0171

6 | 00775 | 01214 6 | 00002 | 0.0030 26 | 00297 | 00531 36 | 00732 | oo

7 | o097 | oaemn2 17 | ooots | 00103 27 | oomis | o016 37 | oazes | 0067

b 0.0401 0.0082 1N \ [ERVRRN DoL7y 28 0.0723 31108 38 (125 thebinh ™

9 0.0041 0.0013 19 00043 L0003 29 0.0766 01143 39 01452 0. 1N3AN

10| 00046 | 00274 20 | ooi6s o.ome 30 | 00309 | 00552 40 | 0136 | 087
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a= | ot aoy = | ey any™* | ooy ? (10) (1)

1| 24037 | 25519 11| 16799 | 13688 21 | 00045 | 00199 31| 00000 | 0.0000
2 | 06334 | 08924 12 | 15138 | 12684 22 | 00002 | 0.0066 52 | 00015 | 00093
3| 1069 | 08284 13 | 08618 | 06940 23 | 00031 | 00146 33 | 00033 | 00120
4 | 13426 | 11826 14| 01813 | o.1088 24 | 00028 | 00135 34 | 00200 | 00373
5 | os6225 | o0.5056 15| 03150 | 02309 25 | 00012 | 0.0007 35 | 00200 | o0.0221
6 | 07450 | 06337 16 | 04048 | 03114 26 | 00006 | 00072 36 | 00013 | 0.0003
7 | 07733 | 06729 17 | 03943 | 03074 27 | 00662 | 0.1074 37 | 00039 | 0.0034
8 | 40063 | 33898 18 | 03859 | 03048 28 | 00252 | 00515 38 | 00066 | 0.0071
9 | 33458 | 2.8766 19 | 01973 | 01557 29 | 00115 | 0.0300 39 | 00208 | 00186
10 | 16947 | 13640 20 | 00156 | 0.0360 30 | 00035 | 0.0000 40 | 00183 | 0.01%0
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Obsy| KEFIR | MKF+TR | |Obsv| KF+#TR | MKFFIR | [Obsv| KEFIR | MKFFIR | [Obsy| KFFTR | MKFFIR
10y (10) (am 10y a0y aoy (10) (10)
U] 04980 | 04947 1| 00072 | 00696 i | oo | 00102 31| 00359 0.0355
2 | 06622 | 06530 12 | 00021 0.0021 2 | 00104 | 00088 52 | 00140 0.0147
3| 06891 0.6747 13| 00140 | 00138 23 | 00020 | 00014 33| 00162 0.0160
41 o6 0.6027 14| 00393 | 00384 24 | 00088 | 00075 34| 00249 | 0.0249
s | 03786 | 03683 15| 004100 | 00387 35 | 00174 | 00156 35| 00190 | 00183
6 | 01691 | 0.1561 16 | 00493 | 0.0466 26 | 0.0301 0.027% 36 | 0.0260 0.0260
7 | os0s | o291 17 | 00219 | 00199 27 | 00178 | 00159 37 | 0.0040 0.00:43
8 | 00214 | 00212 18 | 00403 | 00375 | 28 | 00095 | 00081 38 | ooolg 0.0010
9 | 00057 | 00050 19 | 00094 | 00078 29 | 0009 | 0.0078 39 | 00019 | 00018
w | 00014 | 00012 20 | 00159 | 00138 301 00173 | 00159 $0 | 00045 0.0045
mmﬁ 3.28 MANNANG L‘ﬂ?iaﬂﬂugﬂ Mean scuare error ‘uaagﬂﬁ 3.28
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i
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2 | 09263 | 04021 12 | oo11s | 0.0047 22 | 00406 | 00112 32 | 00193 0.0055
3 | 06234 | 0.4550 13 | 00146 | 0.0044 23 | 00255 | 0.0043 33 | 00239 | 00072
4 | 00770 | 00284 14| 00134 | 00038 24 | 00249 | 0.0046 34 | 00267 | 0.0084
5 | 00775 | 00277 15 | 00000 | 0.0043 25 | 00392 | 00124 35 | 00167 0.0047
6 | 00316 | 00539 16 | 00040 | 0.0127 26 | 00253 | 0.0067 36 | 0.0012 0.0002
7 | 00530 | 00318 17 | o001 | 00007 27 | 00317 | 00117 37 | 0.0071 0.0020
8 | 00159 | 0.0546 18 | 00029 | 00126 28 | 00139 | 00035 38 | 00167 | 00084
9 | 00927 | 01501 19 | 00013 | 00011 29 | 00162 | 0.0045 39 | 0.0240 0.0121
10 | 00326 | 0.0603 20 | 00021 | 0.0007 30 | 00273 | 00108 10 | 00168 | 0.0086
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M 3.29 fanuaaaedaulugll Mean square ercor 103U 3.29

Obsv| KF+TR ‘\‘lKl"*"l‘R ! Obsy| KF+I'R MKF+TR Obsv| KEF+TR MKIFHTR Obsv| KEHTR MRKEHTR
aoy | amy (10) (10) (10) (10) a0y aoy
|

t| so7t | w2277 || | o | o 21 | 0.0036 0.0042 31| 00009 0.0007

2 | 01408 | 0.104% | 12 | 00122 | o001 22 | 00343 0.0361 32| o7 0.0112

3 | o086 | 00184 [ 3| ootz | 00105 23 | 00146 .| 00121 33 | 00182 0.0171

4 01553 | 01269 ll 1400131 | 00178 24 | 0.0155 0.0138 34| 0on7 0.0216

5 | 00982 | 0.0803 ! 15 | 00092 | 00073 35 | 0.0429 0.0380 35 | 0.0284 0.0201

6 | ns002 | 04543 16 | o028 | 00 26 | 00393 0.0342 36 | 0.0028 0.0023

‘
7 0.0512 0.0407 17 0.0000 0.0000 27 0.0459 0.0418 37 0.0133 0.0122
|

8 | 02650 | 02246 18| 00148 | 0014 28 | 00137 0.0118 38 | 0.0335 0.0344

9 0.3469 0.4394 19 0.0000 0.0000 29 0.0175 0.0152 39 0.0292 0.0207

10 0.3254 0.2713 20 0.0000 0.0000 30 0.0274 0.0267 40 0.0258 0.02-40

NI 3.30 @'“mw:\Jﬂawu'ﬂﬁaﬁugﬂ Mean squaré error maﬁ'y_lﬁ 330
Obsv| KF+TR | MKF+TR | |Obsy| KF+TR | MKF+TR | |Obsv| KF+TR | MKF+TR | |Obsv| KF+TR | MKF+TR
any™? | aoy”? 10)” o)™’ a0y’ a0y’ aoy a0y ?
1 | 02413 | 04387 11 | 01087 | 0.0045 21 | 02082 0.0724 31 | o0.3898 0.2341
2 | 02330 | 00001 ! | 12| 02765 | 00572 22 | 03520 0.1574 32 | 03075 0.1846
3 | 00120 | 03427 | 13| o484 | 0a2m 23 | 0.1493 0.0370 33 | 03258 0.2202
4 | 07027 | 14948 1| 14| 05794 | 01789 24 | 02188 0.0523 34 | 03863 0.2867
5 | 02057 | 07334 1 15| 0.1606 | 0.0165 25 | 03810 0.1336 35 | 0.2929 0.2107
’ [

6 | 06553 | 12068 : | 16 | 01902 | 00463 26 | 04373 0.2032 36 | 02057 0.1478
7 | 01418 | 04372 17 | 01939 | 00378 27 | 03944 0.1978 37 | 01316 0.0826
8 | 01933 | 0.5400 18 | 01182 | 0.0242 28 | 02770 0.1119 38 | 0.1457 0.0996
9 | 02888 | 07131 19 | 014ss | 00263 29 | 03062 0.1357 39 | 01554 0.1167
10 0.0051 0. 1338 20 0.1635 0.0362 30 0.4347 0.2747 40 0.1243 (3.0994
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GNsH 331 e Circular Error Probability 50%, 40 Observitions (IBKE) WNILN 3

14.997 15.026 15.014 976 14.977 141,991
14.953 15.095 15.035 : 15029 15.008
14.976 15.077 14.983 15.065 15.038
14.955 15.048 15.022 01¢ 15.069 15.005
14.973 15.004 15.043 14.978 14.992
15.049 15.034 14.989 14.943 | 156.036
15.068 15.017 14.954 15.114
14.984 14.962 14.987 b 15.075
14.965 - 14.979 15.015 15.050 | 14.965
16.006 14.985 14.969 15066 | 15003
14.959 14.976 14.979 15.027 | 1:4.983
14.914 15.026 14.925 15.002 | 15.090
15.005 15.071 14.974 15,031 14.998
15.008 14.968 14.979 : 14986 | 14.994
15.076 14.995 16.026 | 14.971 12.009 | 14.955
15.070 15.010 14.969 | 15.076 5.03 14.967
16.024 14.987 14.977 | 15111 15.015 | 15.002
15.009 15.014 14.966 Sh .03 14.992
14.930 15.020 15.061 14.996 | 15.017
14.910 14.952 15.048 14.989 | 15.007
15.022 14.950 14.985 : 14.998 | 14.974
15.060 15.000 14.977 14.998 | 15.002
15.033 15.022 14.967 15,017 | 14.7%4
15.004 15.045 15.049 14974 | 14.935
156.040 15.006 15.025 12038 | 14.989

Circular Error Probability (CEP) 50 % W1# median ®8 (15.0037 15.0047)

|svpy median 99 0.0060
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g‘ﬂ‘ﬁ 3.35 WNaNLEeY Circular Error Probability 50% 489 100 Monte Carlo runs

10 Observations (MEKF)
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0.2 0.1 0 0.1 02

g‘lJ“?l 3.36 WNaNLAeN Circular Error Probability 50% 493 100 Monte Carlo runs

20 observations (MEKF)



0.25 — T 7 r .

02t
0.15F

025L ! 1 1 ) L
02 0.1 0 0.1 02

U7l 3.37 WNANUEAY Circular Error Probability 50% %84 100 Monte Carlo runs

30 observations (MEKF)
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o1t .
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-0.05r

—
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0.2F

025 — — : '
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U7 3.38 2aNaNWEAY Circular Error Probability 50% 984 100 Monte Carlo runs
40 observations (MEKF)



3197 3 32 ¢1 Ciccular Error Probability. 40 Observations (MEEKI) i 3.3

84

15.037 15.036 14.981 14.935 14.970 | 15.001
14.998 15.055 14.949 | 14.990 15.025 15016
14.993 15.027 14.961 14.993 15045 | 14.996
15.045 14.995 15.012 | 15.020 15.038 15.024
14.965 14.944 15.028 | 14.9/0 14.971 15.012
14.985 15.062 15007 | 15.082 14.976 15.064
15.006 15.065 14968 | 15117 14.913 | 14.993
14.969 156.068 14.999 | 15.106 14.995 | 15.050
15.027 14.972 15.044 | 14.986 15.077 14.937
15.023 14.995 15.027 15.018 15.035 14.965
15.009 14.994 14.975 | 15.083 14.976 | 15.010
15.043 14.977 14.920 | 15.103 14.993 | 15.045
14.954 14.945 14970 | 15.009 15.027 | 14.931
14.995 14.998 14.985 | 15.015 14.976 | 15.005
14.996 14.987 15.019 | 14.897 14.993 | 14.984
15.013 14.935 14.940 14.988 | 14.968
14.944 14.9¢0 14.945 14.969 | 14.932
15.015 14.979 14.970 15.055 | 15.003
15.006 14.982 15.069 14.978 | 15.043
15.023 14.982 14.996 14.957 | 14.953
14.991 10.049 15,010 14.972 | 14.961
14.963 14.933 15.008 156.029 | 14.943
15.009 14.978 14.979 14.992 | 15.009
14.989 14.979 15.013 14.986 | 15.023
14.976 14.980 14.978 15.041 | 14.997

Circular Error Probability (CEP) 50 %

Ioeh median #2 (14.9956 15.0014)

16520y median 72 0.0037
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3. Multiple fixed observers (KF+TR vs MKF+TR)
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mnwaﬂrmmaulua'”)wnaa <reular Error Probabilivy (C6P) 50% mm‘ivm‘;\gﬁu

Wi tgtvassnanaldda]
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s " 3y . N | < TN, : i < . i AN Ly
SRR ARV m.ﬁ."l,l'm»ﬂINLU\IILEHL"LW?L;?IM Moving observers I“LQWJ?I&N CEP DO Mitie L Obsvs

CEP so%f(kin) ddud
1.2090 6
0.5108 1
1.0720 4
1.1215 5
0.6386 2
0.8637 3

e 3.38 ddude e lunsiang Moving observers Tuthias CEP 5% nsth 3 Obsvs
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PN 3,59 Avfuehanmme lunmiivas Multiple fixed observations sthuad G H0%

it 1

[ CEP 50% (km) et
EKF 0.0135 6
 MEKF#1 0.0108 5
MEKF#2 0.0080 3
MEKF#3 0.0103 a
MEKF#4 0.0039 1
MEKF#5 0.0074 2

=

MR 3.40 dreumemausiugnlunssioss Multiple fixed observations M3LY8d CEP 50%

Tuinsif 2

CEP 50% (k) SCT
0.0204 6
0.0180 5
0.0116 3
0.0094 1
00162 4
0.0107 2




M3 341 deiudansusigh binsdivas Multiple fixed observations lugUing CEP G0%

It 3

CEP 50% (km)|  aoudt
EKF 0.0062 5
MEKF#1 0.0037 4
COMERRRZ | 00016 1
MEKF#3 | 00023 2
MEKF#4 | 0.0070 6
MEKF#5 0.0025 3

a

G 3.42 SINUMANNLNUEN LIRSS Multiple fixed observations 11;37)%@& CEP 50%

Tunsdift 4

CEP 50% (km}|




TN 3 43 ST binsdiuas Multiple nxed observations Tuthing CEE 8%

Tt o

| CEP 50% {km) Ao

_EKF 0.0087 5
MEKF#1 0.0042 1
MEKF#2 0.00538 4
0.0057 3

0.0115 6

MEKF#5 0.0044 2

.| |

IR 3.4 ddumaNaue binsdiias Muliple fixed observations Tu3Ua8a CEP 50%

Tunseidi 6

CEP 50% (km}| a'w?uﬁ_,_ J
0.0652 6 J
0.0409 5 ]
0.0100 1
0.0291 4
0.0132 2
0.0171 3
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Sana3inuag MEKF #

i
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Sana57uuas MEKF

EKF
EKF
EKF
EKF
EXF

4718 %

28.56 %

mnmmﬁmmmamﬁﬁa MEXF # 1 Ienansiushdanniign waz EKF Iieay

1%
Ao &
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PN 3.38 mmmﬂjmmwummu Wasidua st
Fano3uans MEKF # 1 Wansuwiueniidanaiiumag
Fano37nwns MEKF # 2 Wiansuwshehndanasiiumag
Fanasiuwas MEKF £ 2 Wanuusiuensanasiuea
Fane5¥iuvas MEKF # ¢ Wamasueiniisana3vinaes

SanaShuges MEKF # 5 Wenuusuennsanasiuead

EKF
EKF

.EKF

EKF
EKF

36.81 %
57.03 %
70.89 %
37.88 %
49.34 %
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FanaSfinmns MEKF # 4 ianssuenniidanavinwny  EKF 711 %
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Fana5vineny MEKF # 1 biamausuendans5famns  EKF 11.76 %
Fana5tinns MEKF # 2 Ienausiugnidanadfismns  FKF 43.14 %
Fanasfinwns MEKF # 3 Wanuusuhnhdanasfiueas  EXF 53.92 %
Sana3finees MEKF # 4 Wemuumehnihdonadfinas  EKF 20.59 %
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%Extended Kalman Filter in Passive Position Location

%Associated files: ipu.m, fekf.m

MARNWIN

clear % clear all variable values
xe = 15; % Exact emitter location : (xe, ye)
ye = 15; % Exact emitter location : (xe, ye)
x1 =0 % Ist DF (observer) location
yl =0; % (x1.y1)
x2 = 20; % 2nd DF location
y2 = 0; % (x2,y2)

XYk = [x1x2 ;yly2]
b1 = atan((ye-y1)/(xe-x1));
b2 = atan((ye-y2)/(xe-x2));
MSD1 = 0.0175;
MSD2 = 0.0175;
MSD = [MSD1 MSD2J;
DF1 = [x1 y1 b1 MSD1}’;
DF2 = [x2 y2 b2 MSD2}';

R1 = MSD1A2;
R2 = MSD2A2:
q22 = 0.02502;
Q=10 0,0 q22|;
Phi = eye(2);

Steady State = 1;

% Observer location at state k
% Exact bearing from DF1 to the emitter
% Exact bearing from DF2 to the emitter
% Measurement noise Standard Deviation

% Measurement noise Standard Deviation

% DF1 data in vector form
% DF2 data in vector form
% Measurement noise variances

% Measurement noise variances

% Process noise variance, can't set Q = 0,

so set 22 small as possible
% Transition matrix, 2x2 identity matrix

% Define steady state point

Observations = 40; % Number of observations

Monte = 100; % Set Number of Iteration
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t1 = clock; % Start Timer
for s = 1:Monts . % Set loop tor 100 Monte Carlo Run
randn seed’ s); % Ser seeds or cach un
Runs = s
[X00,CovXY| = ipu(DF1,DF2); % Initial Position Uncertainty
P00 = diag(diag(CovXY)); % Initial Covariance Matrix

N1 = MSDl*randn(Observgtions,l}; % Measurement noise ~ N1(0.R1)

N2 = MSD2*randn{Observations,2); % Measurement noise ~ N2(0,R2)

B1 = b1+N1({;,1): % Add noises to DF1
B2 = b2+N2(.,1): % Add noises to DF2
Bk = (Bl RZj; % Measuremen. at state X

% Start EXF algorithm
% K(klk) == Xkk
% X(k-11k-1) == Xk1k1
% X{klk-1) == Xkk1
Xk1k1 = X00; % X(111) = X(010)
Pklkl = P00, % P(k-1lk-1) = P(0I0)
count = Q; % Count for total number of cpservation.
for obsv = 1:0bservations

for df = 1:2

count = count+1; % Increase number of cbservations

vk = XYk(2,df); xk = XYk(1,df); % observer locazion

DFk = [xk yk Bk(obsv,df)]" % DF data at state X

[Xkk Pkk] = fekit(DFk Xk1k1 Pk1k1,Phi, MSD(df)); % call EKF function
% Update statistics for the next state; k = k+1

Xk1kl = Xkk ;

Xkk1 = Phi*{Xk1k1};

Pk1k1 = Pkk;
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yekkl = Xkk1{2);

xekkl = Xkk1(1);

% Compnte error statistics
ErrorX(count) = xo - Xkk(1);
ErrorY(count) = ye - Xkk(2);

% ErrorXY(count) = sqrt(ErrorX{count}?2 + ErrorY({count)A2) ;

MErX(s,count) = {mean{(ErrorX))»2;

MErY(s,count) = (mean{ErrorY)A2;

MErXY(s,count) = sqrt{MErX(s,count)+ MErY(s,count));

xCepkk(count) = Xkk(1):
yCepkk(count) = Xkk(2).

MxCepkkicounti = insan(xCepkk);

MyCepkk(count) = mean(yCepkk);

end % Dr' loop
end % Observation loop
% Steady State Average Position Error of each run
XYcep(s, 1)=mean{MxCepkk);
XYcep(s,2)=mean(MyCepkk);
end % Monte Loop
% Compute Simulation time
SimTime = etime({clock,t1)/60
AvgMErX = sum(MErX)/Monte;
for « = 1:1*Observations
AvgAvgl(i) = sum(AvgMErX(1:4))/i;
end
% Plot error graphs:
figure
OBSV = linspace(1,1*Observations,1*Obssrvations);
plot{OBSV, AvgAvg,'t’)
xlabel{'Observations’)
ylabel('MS Position Errors')

cepb0{XYcep,[xe yel)
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% Modified Extended Kalman Fiitar in Passive Position Location

% Associated files: ivuam, tfekim

clear % clear all variable values
xe = 15; % Exact emitter lceation !
ye = 15; % (xe.ye)
x1 =0, % 1st DF (observer) location
vyl =0 % (x1,y1)
x2 = 20; % 2nd DI location
y2 = 0 % (x2,y2)
KYk = [x1 x2 ;yiy2l; 5 Observer location at state

b1 = atan{{ye-y1)/(xe-x1)); % Exac: bearing from DF1 to the emitter

b2 = atan{{ye-y2)/(xe-x2)); % Exact bearing from DF2 to the emitter
MSD1 = 0.0175; % Measurement noise Standard Deviation
MSD2 = 0.0175; % M\ easurement noise Standard Deviation

MSD = [MSD1 MSD2};
DF1 = [x1 y1 bl MSD1]": % DF1 dz:a in vector form
DF2 = [x2 y2 b2 MSD2]": % DF2 daz:a In vector form
R1 = MSD1A2; % Measursment noise variances
RZ2 = MSD2n2;

q22 = 0.02512;

Q=10 0,0 q22]; % Frocess noise variance, can't set Q = J,

so set 22 small as possible

Phi = eye(2); %Transition matrix, 2x2 identity matrix
SteadyState = 1; % Define steady state point
Observations =40; % Number of observations

Monte = 100; % Set Number of Iteration



t1 = clock; % Start Timer

for s = 1:Monte % Set loop for LU0 Monte Carlo Run
randn(‘'seed’ s); % Set seeds for each run
Runs = s

[X00,CovXY] = ipu(DF1,DF2); % Initial Position Uncertainty
P00 = diag{diag(CovXY)); % Initial Covariance Matrix
N1 = MSD1*randn(Observations,1); % Measurement noise ~ N1(0,R1)
N2 = MSD2*randn(Observations,1); % Measurement noise ~ N2(0,R2)
B1 = b1+N1(:,1); % Add noises to DF1
B2 = b2+N2(;,1); % Add noises to DF2
Bk = [B1 B2 | % Measurement at state k

% Start EKF algorithm

% X(klk) == Xkk
% X(k-1k-1) == Xk1k1
% X(klk-1) == Xkk1

Xk1kl = X00; % X(111) = X{010)
Pk1k1 = POO; % P(k-11k-1) = P{0I0)
XK1K1=X00;
PK1K1=P00;
Xk1=X00;
count = §; % Count for total number of observation.
for obsv = 1:0bservations
for df = 1:2
count = count+1; % Increase number of obserations

yk = XYk(2,df); xk = XYk(1,df); % observer location

DFk = [xk yk Bk(obsv,df)]"; % DF data at state k
[Xkk,Pkk| = fekft(DFk,Xk1k1 Pk1k1,Phi,MSD(df)); % call EKF function
[XKK,PXK] = fif(DFk XK1K1 PX1K1,Phi MSD(df)); % call KF function

% Update statistics for the next state; k = k+1
XK1K1 = Xkk ;
XK1kl = XKK;
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PK1PK1 = Pkk;
Pk1kl = PKK;

% yekkl = Xkk1(2);

1

% xekkl = Xkk1(1);
% Compute error statistics
ErtorX{count) = xe - Xkk(1);
ErrorY(count) = ye - Xkk(2);
ErrorXY(count) = sqrt(ErrorX{count)A2 + ErrorY(count)A2) ;
MErX(s,count) = (mean(ErorX))A2;
MErY(s,count) = (mean(ErrorY))A2;
MErXY(s,count) =sqrt(MErX(s,count)+ MErY(s,count));
xCepkklcourt) = Xkk(1);
yCepkk(count) = Xkk(2);
MxCepkk(count) = mean(xCepkk);
MyCepkk(count) = mean(yCepkk]);
end % DF loop
end % Obssarvation loop
% Steady State Average Position Error of each run
TotalAvgls) = mean(NEy), % Grand Mean of Average Posttion Errors
XYcep(s,1)=mean(MxCepkk);
XYcep(s,2)=mean(MyCepkk);
end % Monte Loop
% Compute Simuletion time
SimTime = etime(clock,t1)/60
AvgMErX = sum(MErX)/Monte;
for 1 = 1:1%Observations
AvgAvgli) = sum(AvgMErX(1:1))/i;
End
%Polt MS error graphs:
OBSV = linspace(1,1*Observations,1*Observations);
plo;(OBSV,Angvg,'k')

cepb0(XYeep,[xe ye))
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% Modified Extended Kalman Filter in Passive Position Location

% Associated files: ipum, fekf.m

clear % clear all vanable values
xe = 15; % Exact emitter location :
ye = 15 % (xe,ye)
x1 = 0; % 1st DF (observer) location
vl = 0; % (x1.y1)
x2 = 20, % 2nd DF location
v2 = 0 % (x2,y2)
XYk = [xi x2 ;yivy2l % Obsarver ocation at stats k

bl = atan((ye-y1)/(xe-x1)); % Exact bearing from DF1 to the emitter

02 = atan{{ye-y2)/(xe-x2)); % Exact beanng from DF2 to the emitter
MSD1 = 0.0175; % Measurement noise Standard Deviation
MSD?2 = 0.0175; % Measurement noise Standard Deviation
MSD = [MSD1 MSD2};

DF1 = [x1 y1 bl MSD1]": % DF1 data in vector form

DEF2 = [x2 y2 b2 MSD2]': % DF2 data in vector lorm

R1 = MSD1A2; % Measurementi noise variances
R2 = MSD2A2;
22 = 0.02572;
Q=000 qz22]; % Process noise variance, can't set Q = 0,

so set q22 small as possible

Phi = eyel2); %Transition matrix, 2x2 identity matrix
SteadyState = 1; % Define steady state point
Observations =40; % Number of observations

Monte = 100; % Set Number of [teration



tl = clock, % Start Timer

for s = T Monte % Set loop for 100 Monte Carlo Run
ranan{'seed’ sy % Set seeds for each run
Runs = s

[X00.CovXY' = 1puiDF1,DF2); % I[nitial Position Uncertainty
P00 = diagldiagiCovXY)): % Initial Covariance Matrix
N1 = MSD1*randn(Observations,1); % Measurement noise ~ N1{0,R1)
N2 = MSD2*randn{Observations,1); % Measurement noise ~ N2(0,R2)
Bl =Db1+N1i.1): . % Add noises to DF1
B2 = b2+N2i:.1); % Add noises to DF2 .
Bk = iB1 B2 |: % Measurement at state k

% Start =X> zlgorithm

% Nilk) == Xkk
% Xik-1ix-1) == Xk1kl
% X(x'x-1) == Xkkl

Kk1k1 = X00; % X{111) = X(0l0)
Pk1k1 = PO0: 9% 2{k-1lk-1) = P{0I0)
XK1K1=X00;
PK1K1=P00:
Xk1=X00:
count = 0; % Count for total number of observation.
for obsv = 1:0bservations
fordf =12
count = count+1; % Increase number of obserations

yk = XYk(2.df): xk = XYk(1.df); % observer location

DFk = [xk yk Bixiobsv,df)]"; % DF data at state k
[Xkk Pkk] = fekft{DFk . Xk1k1 Pk1k1,Phi, MSD(df): % call EKF function
[XKK PKK] = fekfs{DFk.XX1K1,PK1K1,Phi, MSD(df}): % call KF function

% Update statistics for the next state; k = k+1
XK1K1 = Xxx
Xk1k1 = KKK,
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PK1PK1 = Pkk;
Pkik1 = PKK;
% yekkl = Xkk1{2);
% xekk! = Xkk1(1);
% Compute error statistics
ErrorX(count) = xe - Xkk(1);
ErrorY(count) = ye - Xkk(2);
ErrerXY(count) = sqrt(ErrorX{count)2 + ErrorY{count)A2),;
MErX(s.count) = (mean(ErrorX))"2;
MErY(s,count) = (mean{EtrorY))A2;
MErXY(s,count) =sqrt(MErX(s,count)+ MErY(s,count));
xCepkk(count) = Xii(1):
yCepkk{count) = Xkk(2);
MxCepkk{count) = mean(xCepkk);
MyCepkk(count) = mean(yCepkk);
end % DF loop
end % Observation loop
% Steaay Staie Average Position Error of each run
TeralAvgls) = mean(NEy); % Grand Mean of Average Position Errors
XYeep(s, 1)=mean{MxCepkk);
XYcep(s.2)=mean(MyCepkk);
end % Monte Looy
% Coinpute Simuation time
SimTime = etime(clock,t1)/60
AvgMErX = sum(MErX)/Monte;
for 1 = 1:1*Observations
AvgAvg(i) = sum(AvgMErX(1:1))/1;
End
%Polc MS error graphs:
OBSV = linspace(l,1"Observations,1*Observations);
plot(OBSV, AvgAvg,'c’)

cepb0(XYcep,[xe vel)
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lifsunsumsssniana MEKF#3 Asoii 1

% Modified Extended Xaiman ¥ilter in Passive Position Location

% Associated files: wpuam, ki

clear % clear all vanable values
xe = 15; % Exact emittar location :
ye = 15; % (xeye)
x1 = 0; % 1st DF (observer) location
yi=0; % (x1.y1) :
¥2 =20 " % 2nd DF location
y2 =0 % (x2.y2)

XYk = [x1 x2 :y1ly2]: % Obsarver location at state k
bl = atan{{ye-y1)/(xe-x1)): % Exzzt bearing from DF1 to the emitter
b2 = atan({ye-y2)/(xe-x2)): % Exzzt bearing from DF2 to the emitter

MSD1 = 0.0175; > Measurement noise Standard Deviation

MSD2 = 0.0175; % Measurement noise Standard Deviation
MSD = [MSD1 MSD2];

DF1 = [x1 y1 b1 MSD1]" % DF1 data in vector form

DF2 = [»2 y2 b2 MSD2]": % DF2 data in vector form

R1 = MSD1A2; % Measurement noise variances
R2 = MSD2A2;
q22 = 0.02512;
Q=1[00.0 q22]; % Process noise variance, can't set Q = 0,

so set 22 small as possible

Phi = eye(2); %Transition matrix, 2x2 identity matrix
SteadyState = 1; % Define steady state point
Observations =40; % Number of observations

Monte = 100; % Set Number of Iteration



t1 = clock; % Star: Timer

for s = L:Monte % Set loop for 100 Monte Carlo Run
ranan('seed’ s): % Set seeds for each run
Auns = s

[X00,CovXY| = ipu(DF1,DF2); % Initial Position Uncertainty
00 = diag(diag{CovXY)); % I[nitial Covariance Matrix
N1 = MSD1*randn{Observations,1); % Measurement noise ~ N1(0.R1)
N2 = MSD2*randn(Observations,1); % Measurement noise ~ N2(0,R2)
B1 = b1+N1(:,1); % Add noises to DI
B2 = b2+N2(:.1); % Add noises to DF?
Bk = (B1 B2 | % Measurement at state k

% Start BKF algorithm

% Xiklk) == Xkk
% Nik-1%-1) == Xkl1kl
% X(klk-1) == Xkk1

Xx1k1 = X00; % X{111) = X(0I0)
Pk1kl = P00; % P(k-1lk-1) = P(0I0)
XK1K1=X00;
PK1K1=P0C0;
Xk1=X00;
count = 0; % Count for total number of observation.
for cosv = 1:Observations
fordf = 1.2
count = count+1; % Increase number of obserations

vk = XYk(2,df); xk = XYKk{1,df); % observer location

DFk = [xk yk Bk(obsv,df)]"; % DF data at state k
[Xkk Pkk| = fekft(DFk,Xk1k1,Pk1k1,Phi, MSD(df); % call EKF function
[XKX,PKK] = fekft(DFk XK1K1,PX1K1,Phi, MSD{df)); % ca&ll KF function

% Update statistics for the next state; k = k+1
XK1K1 = Xkk : |
XK1kl = XKK;
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PK1PK1 = Pkk;
Pkik1 = PKK;
% yekkl = Xkk1(2);
% xekkl = Xkki(1);
% Compute error statistics
ErrorX{count) = xe - Xkk(1);
ErrorY(count) = ye - Xkk(2);
ErrorXY{count) = sqrt(ErrorX{count)?2 + ErrorY{count)}A2)
MErX(s.count) = {mean{ErrorX)"2;
MErY(s.count) = (mean(ErrorY)}A2;
MErXY({s,count) =scrt(MErX(s,count)+ MErY(s count));
xCepkkicount) = Xkk(1);
yCepkk(count) = Xkk(2);
MxCepkk{count) = mean(xCepkk);
MyCepkk(count) = mean{yCepkk);
end % DF loop
end % Observation loop
% Steady State Average Position Error of each run
TotalAvg(s) = meaniNEy); % Grand Mean of Average Position Errors
XYcep(s,1)=mean(MxCepkk);
XYcep(s,2)=mean(MyCepkk);
end % Monte Loop
% Compute Simulation time
SimTime = etime(clock,t1)/60
AvgMErX = sum(MErX)/Monte;
for i = 1:1*Observations
AvgAvg(i) = sum(AngErX(lzi))/i;
Ead
%Polt MS error graphs:
OBSV = linspace(1,1*Observations,1*Observations);
plot(OBSY AvgAvg,'m’)

cep50(XYcep,[xe ye))
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lsunsunistssnaana MEKF#4 nsaisi 1

% Mocditied Extended Kalman Filter In Passive Pesttion Location

% Associated files: 1cn, feki

clear % clear all variable values
xe = 15 % Exact emitiar location
ye = 156 % (xeve)
x1l =0 % 1st DF (observer) location
yl =0 % {x1.y1)
x2 = 20; % 2nd DF locanon
y2 = 0 % (x2,y2)
XYk = [xi x2 vyl y2l % Observer location at state k
bl = atan{{ye-y1¥{xe-x1)); % Exact bearing fromm DF1 to the emitter

b2 = atan((ye-y2)/(xe-x2)); % Exact bearing from DF2 to the emitter
MSD1 = 0.0175; %) Measurement noise Standard Deviation
MSD2 = 0.0175; "y Measurement noise Standard Deviafion
MSD = [MSD1 MSD2j;

DF1 = [x? y1 b1 MSD1]"; % DF! data in vector form

DF2 = [x2 y2 b2 MSD2|"; % D=2 data in vector form

R1 = MSD1AZ; % Measurement noise variances
R2 = MSD2/2;
22 = 0.025A2;
Q=1000 g22; % Process noise variance, can't set Q = 0,

so set 22 small as possible

Phi = eye(2); %Transition matrix, 2x2 identity matrix
SteadyState = 1; % Define steady state point
Observations =40; % Number of observations

Monte = 100; % Set Number of [teration



tl = clock: % Start Thner

for s = 1:Monte % Set loop for 100 Monte Carlo Run
randn('seed’ s). % Set seads for each run
Runs = s

[X00,CovXY| = ipu(DF1.DF2); % [nitial Position Uncertainty
P00 = diag(diag(CovXY)): % Initial Covariance Matrix
N1 = MSD1*randn(Observations.1); % Measurement noise ~ N1(0,R1)
N2 = MSD2*randn(Cbservations.1); % Measurement noise ~ N2(0,R2)
B1 = b1+N1(;,1): % Add noises to DF1
B2 = b2+N2(:,1); % Add noises to DF2
Bk = [B1 B2 |: % Measurement at state k

% Start K algorithm

% X(kik) == Xkk
% Xk-11k-1) == Xk1k1
% X(klk-1) == Xkk1

Xk1k1 = X00; % X(1!1) = X{(0I0)
Pk1k1 = P00; % P(k-1lk-1) = P{0I0)
XK1K1=X00;
PK1K1=P00;
Kk1=X00;
count = 00 % Count for total number of opservation.
for opsv = 1:0Observations
for df = 1.2
count = count+1: % Increase number of obserations

vk = XYk(2,df); xk = XYk(1.df): % observer location

DFk = [xk yk Bk(obsv,df)]"; % DF data at state k
[Xkk,Pkk| = fekfs(DFk,Xk1k1 Pk1k1,Phi, MSD(df)); % call EXF function
[XXK PKK] = fekfs(DFk XK1K1,PX1K1,Phi, MSD(df)); % call KF function

% Update statistics for the next state; k = k+1
XK1K1 = Xkk ;
Xk1k1 = XKK:

117



PKIPKT = Pkk:
Pklkl = PXK;
% yekkl = Xkk1(2);
% xekkl = Xkki{l}:
% Compute error statistics
ErrorX(count) = xe - Xkk(1):
ErrorY{count) = ye - Xkk(2);
ErrorXY(count) = sqrt(ErrorX(count)’Q + ErrorY{count)A2) |
MErX(s,count) = (mean(EH'érX))AZ;
MErY(s,count) = {mean(ErrorY))A2;
MErXY(s,count) =sqrt{MErX(s,count)+ MErY(s count));
xCepkkicount) = Xkk{1);
yCepkk{count) = Xkk(2);
MxCepkkicount) = mean(xCepkk);
MyCepkk{count) = mean(yCepkk);
end % DF loop
end % Observation loop
% Steady State Averaga Position Error of each run
TotalAvg(s) = mean(NRy); % Grand Mean of Average Position Errors
XYcep(s, 1)=mean(MxCepkk);
XYcep(s,2)=mean{MyCepkk);
end % Monte Loop
% Compute Simulation time
SimTime = etime(clock,t1)/60
AvgMErX = sum(MErX)/Monte;
for i = 1:1*Observations
AvgAvgl(i) = sum({AvgMErX(1:1))/i;
End
%Polt MS error graphs:
OBSV = linspaca(1,1*Observations,1*Observations);
plot(OBSV AvgAvg,'g')

cepb0(XYcep.[xe yel)
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% Modified Extended Kalman Filter in Passive Position Location

% Associated files: ipu.m, fekf.m

clear % clear all variable values
xe = 15; % Exact emitter location :
ye = 15; % (xeye)
x1 =0; % 1st DF (observer) location
yl =0; % (x1.y1)
x2 = 20; % 2nd DF location
y2 = (O % (x2,y2)

XYk = [x1 x2 ; y1 vy2]; % Observer location at state k

b1l = atan((ye-y1)/(xe-x1)); % Exact bearing from DF1 to the emitter

b2 = atan((ye-y2)/(xe-x2)); % Exact bearing from DF2 to the emitter
MSD1 = 0.0175; % Measurement noise Standard Deviation
MSD2 = 0.0175; % Measurement noise Standard Deviation
MSD = [MSD1 MSD2J;

DF1 = [x1 y1 bl MSD1]"; % DF1 data in vector form

DF2 = [x2 y2 b2 MSD2]"; % DF2 data in vector form

R1 = MSD1A2; % Measurement noise variances
R2 = MSD2A2;
q22 = 0.025A2;
Q=[0 0,0 q22]; % Process noise variance, can't set Q = 0,

so set q22 small as possible

Phi = eye(2); % Transition matrix, 2x2 identity matrix
SteadyState = 1; % Define steady state point
Observations =40, % Number of observations

Monte = 100; % Set Number of Iteration

t19
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t1 = clock; % Start Timer

for s = 1:Monte % Set loop for 100 Monte Carlo Run
randn('seed’,s); % Set seeds for each run
Runs =3

[X00,CovXY] = ipu(DF1,DF2); % Initial Position Uncertainty
P00 = diag{diag(CovXY)); % Initial Covariance Matrix
N1 = MSD1*randn{Observations,1); % Measurement noise ~ N1{0.R1)
N2 = MSD2*randn(Observations,1); % Measurement noise ~ N2(0,R2)
B1 = b1+N1(;,1); % Add noises to DF1
B2 = b2+N2(:.1); % Add noises to DF2
Bk = [B1 B2 | % Measurement at state k
% Start EXF algorithm
% K(kik) == Xkk
% K(k-11k-1} == Xk1k1
% X(klk-1) == Xkk1
Xk1k1 = X00; % X(111) = X(0I0)

Pkikl = P0O; % P(k-11k-1) = P(0I0)

XK1K1=X00;
PK1K1=P00;
Xk1=X00;
count = 0; % Count for total number of observation.
for obsv = 1.0Observations
tor df = 1:2
count = count+1; % Increase number of obserations

vk = XYk(2,df); xk = XYk(1,df); % observer location

DFk = [xk yk Bk(obsv,df)]'; % DF data at state k
[Xkk Pkk] = fekfs{DFk Xk1k1,Pk1k1,Phi, MSD(df)); % call EKF function
[XKK PKK] = fekft(DFk XX1K1,PK1K1,Phi,MSD(df)), % call KF function

% Update statistics for the next state; k = k+1
XK1K1 = Xkk ;
Xk1k1 = XKK:



PK1PK1 = Pkk;
Pklkl = 7KK
% yekkl = Xkk1(Z:
% xekkl = Xkk1(i
% Compute error statistics
ErrorX(count) = xe - Xkk(1);
ErrorY{count) = ye - Xkk(2);
ErrorXY(count) = sqrt(ErrorX(count)A2 + ErrorY(qount)/\Z) :
MErX(s,count) = (mean(EmorX))A2;
MErY(s,count) = :mean(ErrorY " 2:
MErXY(s,count) =sqrt(MErX(s,count)+ MErY(s,count));
xCepkkicount) = Xkk(1);
yCepkk(count) = Xkk(2};
MxCepks.count) = mean(xCepkk);
MyCepkk(count) = mean{yCepkk);
end % DF loop
end % Observation loop
% Steady State Average Position Error of each run
TotalAvg(s) = mean(NEZv); % Grand Mean of Average Position Errors
XYcepls,1)=mean MxCepkk):
XYcep(s,2)=mean/MyCepkk);
end % Monte Loop
% Compute Simulation time
SimTime = etime’clock,t1)/60
AvgMErX = sum(MErX)/Monte;
for i = 1:1*Observations
AvgAvg(l) = sum(AvgMErX(1:1))/i;
End
%Polt MS error graphs:
OBSV = linspace(i.1*Observations,1*Observations);
plot(OBSV;Angvg,‘b')

cepb0(XYcep,[xe y2|)



Associated files : fekft.m

function [Xkk, Pkk Pkk1,Skk1.vk| = fekft(DFk Xk1k1,Pk1k1,Phi,MSD)
%PFEKEF  Extended Kalman Filter Function (Bearing angle function)

%Initialization

R = MSDA2; % Measurement noise variance
q22 = 0.02512;
Q= [0 0,0 q22!; % Process noise variance, can't set Q = 0,

180 set q22 small as possible
Bk = DFk(3); % Measurement at state k ; contaminated by noise
% Start EKF algorithm
% X(kik) == Xkk
% X(k-1lk-1) == Xk1kl
% K(klk-1) == Xkk1
Xkk1 = Phi*Xk1k1; % X(110) = Phi*X(010);
yekkl = XRkl(Z); xekkl = Xkk1(1);
yk = DFk(2); xk = DFk(1); % observer location
u = (yekkl - yk)/{xekk1-xk);
hXkkl = atan(u); % h(X(klk-1))
H11 = -u*((1+un2) * (xekkl - xk))A(-1);
H12 = ((1+un2) * (xekkl - xk))A(-1);
HXkk1 = [H11 H12|; % H(X(klk-1))
Pkkl = Phi*Pk1k1*Phi' + Q; % P(klk-1) , error covariance extrapolation

Skk1 = HXkk1*Pkk1*HXkk1'+R; % noise corresponding covariance extrapolation

vk = Bk - hXkki; % Estimated noise

K = Pkk1*HXkk1'*Skk1A(-1}); % Kalman gain

Xkk = Xkk1+K*(Bk - hXkk1); % State estimate equation
Pkk = (eye(2) - K*HXkk1) * Pkk1; % Error covariarice update
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Associated files : fekfs.m

function [Xkk,Pkk Pkk1,Skk1 vk] -- iekft{DFk Xk1k1 Pk1k1,Phi, MSD)
%rEKFS  Extended Kalman Filter Function (Slope function)

%lnitialization

R = MSDA2: % Measurement noise variance
q22 = 0.025/2;
Q=000 q22|; % Process nolse variance, can't set Q = 0,

so set 22 small as possible

Bk = DFk(3); % Measurement at state k ;| contaminated by noise

% Start EKF algorithm

% Nkilk) == Kkk

% Kk-11k-1) == Xk1k1

% X{kik-1) == Xkk1
Kkkl = Phi*Xk1k1; % X(110) = Phi*X(010);
yekkl = Xkk1(2); xekkl = Xkk1(1);
vk = DFk(2); xk = DFk(1}; % observer location
1 = (yekkl - yk)/(xekkl-xk);

hXkkl = atan(u); % A(X{klk-1)

H1l= -u/{xekkl-xk)/xekkl;

H12=1/(xekk1-xk)/yekk1;

HXkk1 = [H11 H12], % H(X(klk-1))

Pkl = Fhi*Pklk1"Phi’ + Q; % Ptklk-1) . error covaliance extrapoiaticn
Skk1 = HXkk1*Pkk1*HXkk1'+R; % noise corresponding covariance extrapolation
vk = Bk - hXkk1; % Estimated noise
K = Pkk1*HXkk1'*Skk1/(-1); % Kalman gain
Xkk = Xkk1+K*(Bk - hXkk1); % State estimate equation
Pkk = leye(2) - K*HXkk1) * Pkkl; % Eror covariance update
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Associated files : fkf.m

function [Xkk Pkk, Pkk1,Skkl. vk} = fekft{DFk Xk1k1 Pk1k1,Phi, MSD)
%FKEF  Kalman Filter Function
%[nitialization
R = MSDA2; % Measurement noise variance
22 = 0.02572;
Q = [0 0,0 q22]; % Process noise variance, can't set Q = 0,
: so set 22 small as possible |
Bk = DFk(3): % Measurement at state k ; contaminated by noise
% Start EKF algorithm
% X(klk) == ®kk
% X{k-1k-1) == Xkikl
% Kklk-1) == XkKk1
Xkk1 = Phi*Xk1k1; % X(110) = Phi*X(0I0);
yekkl = Xkk1(2); xekkl = Xkk1i1};
yk = DFk(2); xk = DFk(1); % observer location
u = (yekkl - yk)/(xekkl-xk);
hXkkl = atan(u); % hiXiklk-1))
H11 = 0.5%atan(u)/xekk1;
H12 = 0.5*atan(u)/yekk1;
HXkk1 = [H11 H12]; % H(X(klk-1))
Pkk1 = Phi*Pk1k1Phi' + Q; % P(kik-1) , error covariance extrapolation
Skk1 = HXkk1*Pkk1*HXkk1'+R; % noise corresponding covariance extrapolation
vk = Bk - hXkk1; % Estimated noise
K = Pkk1*HXkk1'*Skk1A(-1); % Kalman gain
Xkk = Xkk1+K*(Bk - hXkk1): % State estimate equation
Pkk = (eye(2) - K*HXkk1) * Pkk1; % Error covariance update
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Assoclated files : ipu.m

function [X00.CovXY NS| = ipu(DF1,DF2)

xe=15;
ye=15;
x1 =0; % store DF1 X coordinate
x2 = 20; % store DF2 X coordinate
yl = 0; % store DF1 Y coordinate
v2 = 0; % store DF2 Y coordinate
b1 = atan((ye-y1)/(ye-x1)); % store DF1 exact bearing to the emitter
b2 = atan((ye-y2)/\ye-x2)); % stoie DF2 exact bearing to the emitrer

msdl =0.0175; % store DFs' measurement standard deviations
rsd2 =0.0175; % store DFs' measurement standard deviations
NS1 = msd1*randn;
NS2 = msd2*randn;
NS = [NS1;NS2];

betal = bl + NS1; % Add noise to bearing

beteZ = b2 + NS2; % Add noise to bearing

theta = abs{atan2{(y2-y1),(x2-x1))); % DF line slope

a = sart{(x2-x1)"2 + (y2-y1)A2); % Dictance between two DF's
alphal = betal + theta; % Axis rotation

alpha? = betaZ + theta;

d = {sin{alphal - alpha2))"(-2);

F11 = -a*d*sin(alpha2)*cos(alpha2);
F12 = a*d*sin(alphal)*cos(alphal);
F21 = -a*d*(sinlalpha2))"2;
F22 = a*d*(sin(alphal))”2;

F = [F11 F12; F21 F22)
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llsunsunisyszatans MKF+TR

% TORRIERI's Algorithm: Pagsive Location Finding System
% Associated Files: refpoint.m, ipur.m
% Variable Initialization
clear
% Real Emitter's Location
xe = 16; % Emitter's X coordinate
ye = 15; % Emitter's Y coordinate
% DFs' Locations
x1=0:y1=0, %DF1's
x2.=20,vy2=0; % DF2's
% Real Bearing Angles
thal = atan2((ye-y1),(xe-x1));
tha2 = atan2((ye-y2),(xe-x2));
% Statistical Parameters' of DFs
Observations = 40;
Monte =100;

for s = 1: Monte;

std1 = 0.0175; % DF1's Standard deviation (In radian)
stdZ = 0.0175; % DIF2's Standard deviation "-----=------- B
randn('seed',s); % Set Seed of N~(0,1) Generator as 7
Runs=s

count =0;

for obsv = 1:0Observations
fordf = 1.2

count = count+1;



nl = std1'randn; % Noise for DF1

n2 = std2*randn; % Noise for D2

bnl = rbal + n1- % Add iwoise to DIF1
bn2 = tha2 + n2; % Add noise to DF2

DF1 = | x1,ylbnll
DF2 = [ x2,y2:bn2

% Solve for a Reference point
XYref = y;

% Start Torrieri's Algoritm Xernel
xo = X¥ref(1); yo = XYref(2),

brl = bnl - atan2(yo-y1,xo-x1);

br2 = bn2 - atan2(yo-y2,xo0-x2);

Dol = sqnt{{xo-x1)A2 + (yo-y1)A2);

Do2 = sqrt((xo-x2)A2 + (yo-y2)A2);

sinbol = (yo-y1)/Dol: cosbol = {(xo-x1)/Dol;

sinbo2 = (yo-y2)/Do2: cosbo2 = (xo-x2)/Do2;

mu = cosbol1/2/(Dol*std1)A2+coso02/2/(Do2*std2)A2;
Im = sinbol1/2/(Dol*std2)A2+sinbo2/2/(Do2*std2)A2;
nu = sinbol*cosbol/(Dol1*std1)A2 + sinbo2*cosbo2/(Do2*std2)A2 ;

% Compute for estimateé, Xe, and Ye

sx1 = brl * (nu*cosbol-mu*sinbol)/(Dol*std1A2);

sx2 = br2 * (nu*cosbo2-mu*sinbo2)/(Do2*std2/2);
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syl = brl * (Im*cosbol-nu*sinbol)/(Dol*std1/2);
sy2 = br2 * (Im*éosboZ—nu*sinboZ)/(DoZ*sLdZAZ);

Xe = xo + /(mu*lm-nuA2) * (sx1+sx2):

Ye = yo + 1/(mu*lm-nun2) * (syl+sy2);

ERR(obsv) = (xe-Xe);

. MErX(s,count) =(mean(ERR))A2;

AvgMErX = sum(MErX(s,count))/Monte;
avgERR(obsv) =sum(AvgMErX)/Obsarvations;

end % End Observation Loop

end

end

OBSV = linspace(1,1*Observations.1 *Observations);
plot{OBSV,avgERR, ')

xlabel('Observaticns’)

ylabel('MS Position Errors')
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