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Abstract: The performance evaluation of positioning resolution based on Kalman Filtering is an ef-
fective way to improve the performance of satellite navigation system. As the traditional evaluation
methods can be influenced subjectively, the paper proposes an efficacious evaluation method which
combines fuzzy logarithmic least square AHP method with fuzzy comprehensive evaluation (FCE)
method. The uniqueness determination conditions of fuzzy weights are deduced and the fuzzy
weight vector determined by fuzzy logarithmic least square analytic hierarchy process ( AHP)
method is defuzzified. In this way, the unique and defuzzificated weights are available to synthesis
for FCE method directly. Taking the performance evaluation of positioning resolution based on
Kalman Filtering for a numerical example, based on some simulations carried out, we draw the
conclusion that, the weight vector achieved by the proposed fuzzy logarithmic least square AHP-
FCE method is superior to that by the fuzzy AHP method based on either extent analysis method

(EAM) or apriori rule mining (ARM) when applied to performance evaluation of the positioning
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resolution based on Kalman Filtering.

Key words: Positioning; Kalman filtering; Performance evaluation; Fuzzy AHP
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Fig. 1 The proposed fuzzy logarithmic least square AHP-FCE evaluation method
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Fig. 2 Hierarchical structure for the performance

evaluation of positioning resolution
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Tab. 1 Fuzzy comparison matrix of the main index(A)

Bl B2 B3
(3/11,1/3,3/D
(3/7, 1/2. 3/5)
Bl (1,1, D (2/9, 1/4, 2/7)

(2/3.1,2)

(3/7,1/2, 3/5
(2/7,1/3, 2/5)
(3/2,2,5/2)
(3/4, 1, 3/2)

(5/3,2,7/3)
B2 1,1, D
(1/2, 1, 3/2)

(7/3,3,11/3)
B3 (7/2, 4, 9/2)
(5/3, 2, 7/3)

(5/2,3,7/2)
(2/5,1/2, 2/3)
(2/3.,1,4/3)

1,1, D
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Tab.2 Fuzzy comparison matrix of the algorithm complexity(B1)

C1 C2

(3/4, 1, 3/2)
(3/2,2,5/2)
(4/5, 1, 5/3)

C1 (1,1, D

(2/3, 1, 4/3)
C2 (2/5, 1/2, 2/3) 1,1, D
(3/5, 1, 5/4)

R 3 EAIE(B2)R R W5 L

Tab. 3 Fuzzy comparison matrix of the positioning effect(B2)

C3 C4 C5 C6

(3/8,1/2, 3/1)

(1/3, 1, 5/3) (2/5,1/2, 2/3)

C3 1,1, D (2/5,1/2, 2/3)
3/2, 2, 5/2) 3/7,1/2, 3/5)
(3/5, 1, 3
(3/5, 1, 3) (2/5:1/2. 2/3)
C4 1,1, D (3/8,1/2, 3/0)

(2/5,1/2, 2/3) (3/55 1, 3)

(4/3, 2, 8/3)
G5 (3/2,2,5/2)
1/3, 1, 5/3)

(1/3. 1, 5/3)
(3/2, 2, 5/2)
1/2 1, 3/2)

(4/3, 2, 8/3) 1, 1. D

) (3/5. 1, 3)
(3/2,2,5/2)  (3/2, 2, 5/2)
C6 @/5,1/2, 2/ 1. 1. D
(5/3,2,7/3)  (1/3.1,5/3)
(2/3.1. 2
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Tab. 4 Fuzzy comparison matrix of the algorithm stability(B3)

C7 C8 C9

(3/7, 1/2, 3/5)
(2/5, 1/2, 2/3)
(3/5, 1, 3)

(1/3, 1, 5/3)

C7 (1,1, D
(3/2,2,5/2)

(3/5, 1, 3)
C8 1,1, D

(3/8,1/2, 3/4)
(2/5, 1/2, 2/3)

(5/3, 2, 7/3)
C9 (3/2,2,5/2)
(1/3, 1, 5/3)

(4/3, 2, 8/3) 1,1, D

o190 A B TR B oy B 9 FAHP J5 ik 6T
ARM ) FAHP J5 ¥k 1 2 T X 8 fe /b = e 19
FAHP J7 155025 500 ) W7 R 1 A B EE 1) e AR
o] B A TH A5 R ANk 5~k 8 iR,

£S5 EFHES(ABFERNEW,—W;)
Tab.5 Weight vectors(W; —W; ) of the main index(A)

TigtR EAM ARM FAHP-FCE
Bl 0.1144 0.4210 0. 2221
B2 0.7043 0.2218 0.4672
B3 0.1813 0.3572 0. 3107

Fxo6 HEERE(BLHFHERREW,—W,)
Tab. 6 Weight vectors (W,, —W,, ) of the algorithm
complexity (B1)

FHEhR EAM ARM FAHP-FCE
C1 0. 6375 0.5277 0.5313
C2 0.3625 0.4723 0. 4687

®T EMHRE(B2)MFIHBIRE (W, —W,)
Tab.7 Weight vectors (W, —W,, ) of the
positioning effect (B2)

FIa bR EAM ARM FAHP-FCE
C3 0.1432 0.1228 0. 2459
C4 0.0 0. 0380 0. 0948
C5 0.3035 0.2832 0. 3334
C6 0.5533 0. 5560 0. 3259

8 HEARTEM(B3) K FIERNE (W —Wsis)
Tab. 8 Weight vectors (W3, —Ws; ) of the
algorithm stability (B3)

FHE bR EAM ARM FAHP-FCE
C7 0.2311 0. 2901 0. 3086
C8 0. 2157 0.1977 0. 2252
C9 0.5532 0.5122 0. 4662
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3 5 AT LLE A FREE ST FAHP M1 0 0 0 0

FEERE T8 4% B2 F Bl BOALEE 4> 51K 0. 7043 | 0.55  0.45 0 0 0

0. 1144, —F 2 2K 6. 156 5 | FH 3 T % $ &k /1y ©10.633 0.287 0.08 0 0

3y FAHP J a5 210 1645 B2 F1 Bl AL E | 0.45  0.55 0 0 0

AR 0. 4672 1 0. 2221, —H Z A K 2,103, T
M 2% 3 W15, L RZX 4845 B2 FIF4845 Bl Z A1
AR EEPEHIW A (1/2, 1, 3/2)F1(5/3, 2, 7/3),
Xof HbIX P A O R TR B 4R AR B2 1 B1 A AL
2L, AT UL TR RO /N R i FAHP 77 145 %)
F A G TC 45 2R T R AR 3R A& 46 b 2 8] 19 AH X
FME, AT ARM Jr ik A3 2 £ 45 bR B1.B2 Al
B3 BYALHE 43 5 A 0. 4210,0. 2218 F1 0. 3572, % )7
PG B RE R (B2) AR 2 MR AL E (B3 B KT
BILE 2 (B, 5L PR A X &l TREA R
/b EL SR 1) 0 D00 B e /S S AR B R o 7 4

FE R 5~ 8 Al LUE M, /i WA 5 ik
THRAR 20 1 45 48 A A TE BH 584 K 580w /)N » BIIZ 7
AR B A E 25 RO AR TR bR Z H
AR TP T 5 T SR/ 3 1) FAHP J7 4%
) (1 A EE 245 S D0 A X B A B

FAh R T A LLE I, R R TR A T Y
FAHP J kit 5380 7o br C4 BIALE N 0, RIFE
WATIRARZE A B T 38 bR C4 B 1R F K Bl 20 W i, 3
WARER A HAY, 3 T B0 /N R ) FAHP
T E VA AE X )

L DA P T LA A AT T B /N
Ty FAHP J7 vk AL E T3 45 A T 58 TR E 4
Mrit) FAHP J5 ik M3E T ARM 1 FAHP J5ik.

3.4 EMREEEFEITESER

Xof SE O iR B B R AT 150 YR B2 4% R B 0 18k
B, IF ARG DA 15 b A AL DA b o 6 0 SRR B
PRI, SR A SR B B i 5 SRR AT

DBI Mg FHE N LT HEFEITTER v R
ANFHRWE § AR E TH b DA SR
)

_7‘111 Y112 113 114 115
|

| 7121 T2 T2z T Tigs
[0.76 0. 24 0 0 0

" 10611 0.246 0.143 0 o}

B2 MREFEN

_7’211 o2 V13 V214 7215

T 221 V292 V923 T 294 T 295

Y231 T232 T3z 1234 1235

L7241 7242 7243 To2aq  To4s

3IB3 WRE THEN

(ran a2 Fas o s Tais
R; = |rss  7s 7Tas  Taa T
| 7331 T332 iz Tz Tass
[0.55 0.13 0.22 0 0
=10.92 0.08 0 0 0
0 1 0 0 O

3.5 ENBEEEESITHER
ST AL PR AL X E KAE R a0 R 9 Fis .,
X9 FEEEUXERMER

Tab. 9 Quantitative interval distribution of evaluation

B E ARG B A% B 2

EAXE  [90,100] [80,90] [60,80] [50,60]  [50,0]

MR E X B /N R FAHP J ¥ 3k T #¢ Ji
A3AT I FAHP J7 3245 51 5 ) 2 AE ) 5, o] 315
38— HE IR B, WF .

DB i — A AN

B, =W, «R, =[w, wy,]-

_7"]1] 112 113 Y114 7’1]5}
=1[0.5313 0.4687] «
[0.76  0.24 0 0 0
10.611 0.246 0.143 0 OJ
=1[0.6902 0.2428 0.0670 0 0]
2)B2 B — BT AL 5 R
B,=W, «R, = [wy wy» ws

Wy | *
ron 912 T o13 o1 215
201 T 992 T 923 V904 T 995
7231 T 932 T 933 Vo3 T 235
241 T 242 T 243 Togy T o45
= [0.2459 0.0948 0.3334 0.3259] «
1 0 0 0 0
0.55 0.45 0 0 0
0.633 0.287 0.08 0 0
0.45 0.55 0 0 0
=1[0.6557 0.3176 0.0267 0 0]
3)B3 1Y — B VAl 4Ry



%551 — B TR R 2 R I Y S 7 SRR R B TR B T 1 81
B; =W; « R; :[wzl W32 w%a:l ° %‘EE/‘J FAHP ﬁ/ﬁﬁﬁﬂiﬁﬁ%%%?ﬁﬂﬁﬂﬁﬁﬁ
_7’311 Y31z V313 T3u 315 /fﬁﬁ“ﬂl%ﬁ(fﬁl‘iu E"J%/ﬁ'@ﬁgﬂz’ﬁiéﬁ%ﬁ%/ﬁ\li
Y321 T322  T323 1324 T325 m{%o
| 77331 Y332 1333 T334 1335 4 gél:i/l’.\.
=[0.3086 0.2252 0.4662] .

[0.55 0.13 0.22 0 0
0.92 0.08 0 0 0
| 0 1 0 0 0
=[0.3769 0.5243 0.0679 0 0]
W — PSR VT 25 SR M B B DR R T R
W A5 BN LR 4 TE O ) iy
B=[W, W, W.].[R, R, R,]"
=[0.2221 0.4672 0.3107]
0.6902 0.2428 0.0670 0 0
[0.6557 0.3176 0.0267 0 0
0
0

0.3769 0.5243 0.0679 0
=[0.5767 0.3652 0.0484 0]

MERG P 1) 1 0] LA YL 58 A 5 5k kg
J& F AT A (SR 8 B2 0.5767,0. 3652,0. 0484,0,
O+ MR8 f5e K S Ja BE DU L 5 A6 A A R RE SR R T
R4y,

[l L AR AR 2% 4 B0 SR T2 R A B AR EE 1)
B2 (] LN, AN SEAS ) 3 TR B2 20 B 9 FAHP J7
HERIET ARM ) FAHP J5 i 19255 WAl 25 31, OF
B e 07 45 2R 5 42 A9 X0 B de /) 3 FAHP-
FCE J7 ik M5 R AT X L, sk 10 s .

R0 =ZMIFRHTEERIEE
Tab. 10 The comprehensive evaluation results

obtained by three methods

AL O EAM ARM FAHP-FCE
EAERIREE [0.5911,0. 4154, [0.5445,0. 4050, [0.5767,0.3652,
(b1 by sessbs]  0.0375,0,0] 0.057,0,0] 0. 0484,0,0]

T S5 2R Rir Rt Rar

MR 10 AT LLE H, =5 1645 210 00 SR 8 B2 22 51
AKX R R T =Ry kA TR AR bR SR R
8 AR AU R B B 1 45 R R g/, LR
L FRESN FAHP FiE RIS, fS, 1
BEMEZE, MAZRENHEZEEZ W, f kA
Hh B AN BEAR 2R 45 IR 38 22 () A4 A X = 4 i
PATHAS B0 AL 1) 42 JF AN & et iy . Ak, e
FTARAREE A I, SO 38 bR 10 52 Wi 9 220 W, 2 1 B —
FERIRZE 13T ARM A9 FAHP J5 3 £ 0 451 i 5
PRI, 2 5] R e 22 . I, 2 T 6 8 /b —

AR S A 0 T B i /N R FAHP U5 ik
M FCE 7 IR A I 45 G 5T RR 2 W0 E
PR R RE VP AN 1 R AL B T — i X 8K
/N3N FAHP-FCE #Ffh ik, DIk LR S
FIC 28 B 1Y 22 07 T A0 T B DR A S S L 94
BLAT AR L W 0 T 2 T i R AT R LG, A5 DA
LT

D 3T X/ — e i) FAHP-FCE J5 754 %%
FIFH T FAHP J7 ik f FCE J7 352 3% 1 b BEAL R |
AN B 0] L) I A5 A R R A BT 5 R A BT 2 (] A
ST HRER . TRV ORI IE AL O 2 B A B 1 25 AT
FIGE ST R FAHP J7 i 52 K 0 10 38 br AL L B
e I N 7 R s A SR =

AL G X B e /N — R ) FAHP-FCE J7 % By
FH TV B8 P e 77 7 AE AN P — P RSS2 )
M 3 F % B/ e ) FAHP-FCE 7 i, i i 44
HE SR J DT R A R S e 2 A L B R B — A
LR WA AR bR 2 18] 9 2P )L fRE T 8
— AL AR AR (] Y E— M e A, R CSCF 7 i
Xof AR AR E i) ik A AT 25 AR 1 Ak B, AT 45 38 T ik
FCE J7ik HIEL A2 F M AR BRI A E (A .

3) RV =Rl A9 2 0T SRR 25 R A,
A FETRE ML FAHP Jr ki 548 20
FUEE i) 5 5 AS 2 B 0 9, L 7 0 47 R B b AR
T HEARALE N 0 TGO X BT 2R B 1T A 45 2R
B 22 5 T 25 T ARM B9 FAHP J7 1 23 07 i i 750
YRR, 25 51 A R 25, 3 3 ) b, 3 8
ey FAHP-FCE Jr ¥ 5K fift 1) KU EE B0 £ & % W
SR

DR I S A SCHE R 366 T X B0/ — 3 i FAHP-
FCE 7775159 81 1) 5 1% 1 BE 17 Al 45 2R AH X 57 o 1
CIET
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