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Abstract The extreme Fisher information (EFI) is originally a measure within the theory of extreme physical
information (EPI). In measurement activities, it is hard to accurately and efficiently identify and compensate every
effect in measurement and evaluate the incompleteness of the measurement results. So we propose to employ the
probability density functions (PDFs) derived from the EFI for estimating the boundary information of the
measurement results, that is, the associated measurement uncertainty. The proposed method can characterize the
measurement uncertainty more dynamically, with considering the different behaviors of the uncertainty effects and
the law governing the system under measurement at the same time. The proposed approach yields the possible
distribution of the measurement result in a more practical way rather than the pure mathematical approach, which is
more applicable. Finally, the effectiveness of the proposed EFI method is demonstrated by the numerical results of
two practical instances.

Key words extreme Fisher information (EFI);
estimation; reliability

information theory; measurement uncertainty; parameter

AED 2 R o A A A I R A5 R A RS I
P E TS oL, BIABETC PRI T . DN
TRHIE 38 1 Bk il 2 — 2 0 I A SR R AN 58 4 PR I A
P, B SR AT 2 VR,

DA PR PN Ji = 1) BEALRE (b
PURZE WIRYR) o AR [R] 10 BRI 261, 3
SIAT AN T T PR B TLFRY A ) 22 [ 2 71 3 3¢ 1
BEALEZ W . 2) RGEFLMI(GR IR A HIRIT) . HTl
AR PERE K JR BRAE X CLAN R GE RO R AN T8 46 A M2
XF RGN ) AL 5 D AR HN ) R GER M o

R FH: 2016 —01 —01; &[FIH#: 2016 - 03 - 04

B B o3BT U AN E
J%, GUM(guide to the expression of uncertainty in
measurement) 1 HE 77 1) 77 02— MR IR HELL R 1Y)
T35, BRI AR I AN E B AT TR ) R GE A
I CUAIT I HL A ). SR lox 28 4 5 i
(18 IEAE bR LA RE S, msEck, oA AR
D SCHRGE H— BE AR R TV, U R RSO A
RAL BRSNS WA R GEE 0, AH A HE LKL BB AL
JOT, SRR 7-10] 4 HH A AR BV AE SR (1) b
MHL—H5 K] 4% & (random-fuzzy variable, RFV) /7K1

REeUH: HEARFEHE4S(60871056,61371049); i 55 2 2R AUE TURMITHE 4:(20120185110013)s  H S i FE AR 55 2 4 T % 4

(267ZYGX2015KYQDO021); [0 )1 5 Fi Sl A 57 351 H (2013TY0058)

PEF IS WIE(1983 —), 2o, 1, FEZNSHR G BT SR 2 B A5 T7 1 RS



51 LR

DNEEANG R AN T A B 2 5 IR A5 D 779

SRR A B, v LA T A BEREHLFN R 4t
RN HBAFAE B — B O, AR Tk, TS
RO IRAT 5 U A RE A o 2 T AR B A,

MBI AR R, DS — oo & B AL
YT T 28 250 5% M0 15 | A PR e 75 0308 250 A0 0 0 5040 1
A IR X E, AR A AR R DR AL R i R AR
GRS 51 AN 5E A SRS A E— A 2 AR
S MRA(PDF) B HLAZ 5, SXANAN 58 A St A2
HEAE S

F5 b, WA B R R — N EE
DX JH], BT A B4 I R (W PDF SR T . Oy T 3K
I B, X DL3BE f Hh 20K PDF 4 L 45 BT A3 v g
R0 4 R R ON R, JF U SO R i 1)
PDF!?, 7 B i £ B ESRAG RS oL, AR 9%
AR5 E(EFD) v ] URIEAS [F 115 0L, 25 A 1
HINE AN A I [ PDF.

1 EFIAE

Fisher{& B A A A A B —NIEE, 7615 5
Ak A2 W o Fisherfis B 5 24 H Rtk 52 2%
724, HTESEd. arlmsH i,
Fisher{ S FEAE AR & TE 20 “Fisher(s B 407 ik
SER RS BOEN T, e SCHR[18] . EFIR &
/M Fisher{& 558 — I H B B PR AL F b o (HE
EFL AR T VPRI B R PERE . ASSORE BY H SOk
(1114 H BRI V6 A o Wl B AN o i

EFL L] LA B A8 h - R AR T8 fs
SIIPDFH, f/MEFisher(s BN [ PDF 48 > 5
75 L AWPDFAH [F] 45 S (B $5 7 Fisher {5 56 Y 1)
PDFAL & [R5 5 T80 2 T HAWPDF). KA ATA]
— AN R TR ES S KT EHET
Cramer-Rao%t, 1M H 45 /MEFisher( 5724k v 1132
JiRZERENSIL B Cramer-Rao 5, Kk, EFIG S
(IPDF T A &5 45 5 22 T 845 T A AT HE I PDF .

R —ANPDF f(x) 70 Bl ge il &0 x, LX)
Fisher{5 S 4 & XA

1= 0| o ax 1)

FECARIFRISE AR B AR T, BT I Ad T
REMPDF, 18 HIEFIX N (¥ PDF AJ LLSRAS 5 4 (R il -

LRSI T B2 e E B, e

D) A HE—EE 2) &S B
f—Bras 3) WA e RS
T RIPDF ARG .

A TAERFPAHCR , SRAGHE I (1) X F Fisher
5 EEFT, 20K ] — i B — OB A b s B H 5
T G G NS A H B0 — R AR B
H ek 3k 43 . I o] DL 4% B SCHR[20] H Levenberg-
Marquardt J5 1J:75 81| — g 21,

TESERRHY, RG] S G R FR 1S
S EE A IR FRATEDL2), BT AR S
[FIPDF RJ LA B #2273 o 25 AH OC IR il

2 EFIF A% 8IPDF

46 E WS TN AT 4 R A EFI ¥ HE 82 PDF
(N, 4R 3 T3 30 PDF 1 7% 2 2L pk ik L i
P BRI

EX 1 H f(x) £ —ABEHLA E X PDF.
A () H ¥ Fisherfs B ] LA R A«

(PPN
11 Lﬂ@U“”“ @)
A rf, 1 =Support] £ & S 4 A [ 52 BEAE . (B
£ T, HE IS5 () 2ELE R TR
P b Fisher {5 &2 7™ 4% M bR 20, T g (o) Rilr(x),
2 2e(0,1)f:
MMAg+(A=D)r]< Ag]+ 1A= A)I[r] 3)

ARSI I RR AR E — AR R I A,
SR AR YT T AR AL 1 B (VP):
I(uy=inf{I(f):Supportl f1=1./ € D,E[f]= 1} (4)
A, I(u) Fos — AN 52 K3 b 43 3 U EFT
B inf{} F0 (3 WBME: DRFFTA KI5 1

ELF] 367 W2 B SRRV PR B o T 7EFT 40
b RV 4 514 2 00001 2 R S 0 F 1 — A
Mo AELE () OME R LASRAE, BRIk B 1] 1] 2
MU, A ELL = o SRS A R
B 24752 BT AN ) RSB T, — SRl
WL CAE 2 ), UAEDS 15 5038 (4) e
2.1 EFIMS AIERT

BT AR N 1, B3I f(x) =2 () »
FELEEFTH S H v(x) TIAE £(x) o

w1 W f(x)=v(x), Fisherfi B.n] LI
Sk

11£1=4f (V()yde 5)

APy V() 2 v(x) B TR diarEl, VPA(4)
AT LA
10 = int 4] (/0 dx: [ v(0dv = LED (0] = 4

(6)



780 R N

545 %

KT IR v(x) 2 AN S AR A IR E
TEIL TS A B SEPE, M ER R T 1 =[a,b], &
wa) =v(b) =0 3R, VP (6) P B H BR %L

L(v;a, ) = Il(v'(x))zdx +a( I V@)de-1)+

B 7 (e)dx = p) )
A, aflBor il H— A RS R A 29 R 4%
PR h R B H S0, HSCHk[24], RiEAZ 0 2EE, 2
(7)1 B ZNME ] DA 3 SR A Rz —h7 4% B H 7 21

iu ’ ﬁ:
oL _i(ﬁ_Lj ~0 )
ov dx\ov
2153
V'(x) = (o + Bx)v(x) =0 )
2.2 iEfiR
il 2 M SCHR[25], A AR R pR L
a+pBx=p4"y (10)
v(x) =q(») =q((a + Bx)/ B7°) (11)

Ty 75 R EO) AT LA 5 4 S Aoy 7 R (Adry’s
differential equation):
q'(»—yq(y)=0 (12)
WY AR

2/3

a+px=0"y=
ﬂdx:ﬂ2/3dy:>d_y_ ﬂ :ﬂ1/3 (13)

dx _,52/3
R B AR A X (1) 5 5 15 31
! —ﬂ:ﬂd_y:ﬂ 1/3:d_q 1/3
M@—ﬁ & dr @ﬂ @ﬂ (14)
TR
V'(x)= i(ﬁj = i(ﬂjd_y -
dx\dx/) dy\dx/dx
i % 1/3 1/3: " 2/3
dy(dyﬁ Jﬂ 9P (15)

FRA0)F X 15N ZI K (9) P By 15 211X (12).
i 3201 4oy R (12) il T LA s
R BAIG)RIBI() 2 PE4] &
q(») = Ai(y) +¢,Bi(y) (16)
A, o Moy E. UF I o
4 RO EA LN ER:

v(x) = ¢, Ai((a + Bx)/ ) (17)
Hf 2596 1 s0(4) I PDF 42t :
f(x) = cAV ((a + Bx)/ B°7) (18)

A ARG ot H A

HEIH . A 6)H iy S B pR E861E K (9) I i
AR TE B R PR AE R o S R BBi(y) (K T
JE TP N,

Bi(y)

1 vy 5
=——|1+—+—+0 +
3“%(2/3)[ 6 T1g0 OV

1/6 3 6
3L Y o0 (19)
T(1/3) 12 504

A, T() FRGammapk $;  O() A2 1] LLZBS IR =
Briile 557324 y — +oo IS BT T 55 o KAZAR N
SEATRU, HRERA16) T e oL E TR =AY
Ha%, HARAHQo)FRADRIAT A2 ((17). ¥
F(x)=v(x) FRAEI(17)# 2]X(18).
E18)H, BT af R B R an R AT AT
i, ATRAATBA4 a=0. S50 BFIcrT LA il th— i 4
PERVA— A4 A E— 1
23 EXEEHHEME—TETCERFELR

BIER
el 5 WA A AT (6) IR A1 N
S (x) = cAi* (B x) (20)
Kb, e 31/21—~6(1£3) s 35T (1/3) . T() FE o5
(6mu) 61U
GammaP& % .

UEB: ARPE (@) P X R A A R A
J':f(x)dx 1= j:cAﬁ(ﬁ“x)dx 1=

j:AP (x)dx=4" /e 1)
j :xf(x)dx —u= j :chiz(ﬂ1/3x)dx —u=

j :xAiz(x)dx = up*" e (22)
MICHR[27] 7 A 401

J-:Aiz(x)dx - m (23)

j:xAiz(x)dx - ﬁ (24)

FI8). :@D~R(24), BT

5/6 14 1/6 12
f(x):cAiz(,B]/3x)=3 r (1/3)Ai2 3T (1/3)x
6Ty 6Ty

(25)
; D) HAi()

. 3°T°(1/3) 35T (1/3)
A T
o3 )3 7~ Gamma BRI FURT X L pR AT
24 EXEETEWERE—T=EGRIER
Al 6 WAL A6 MR A R -




51 LR

DNEEANG R AN T A B 2 5 IR A5 D 781

f(x)= clAi2 (c,x) (26)
K, AIC) RN RS o Moy i i i A~ 25
K

j b AP (n)dx=c, /¢, 27)

[
j XA (x)dx = pc? /¢, (28)

UEW] s HRPEXSBER AT () HIARAEAL LR, A

FH R 1 AR A
Z=0,X (29)
(CEIP
j " frdx =12 J' " AP (ex)dr =12
[ 4 AR (2)dz = 1= | AR =c, /e, (30)
@a C, oa

[FJEE, ARPEXT £ (x) B — B H LR R 2029) T LA
335(28).

3 %X I

K 8 3 445 ) FH V9 A SI2 56 1) 50 A &5 R o 1 W BT
D5 R IE A R b
3.1 I

B, EHGUMEE 147043 87 [ —ANMol 718 N
BIEREEF L VA AN VI S AN 1 P R
AR LS v BB Sl AE 20 °C 2k ME U IK R
. HGUM, % ABIMEE HD=16.52x10° C ™",

FEGUM, B/l fEfE N 16.40x107° C™', &%
KATHEME 416.92x107° C~' s LR BT LLBAE—ANBE
PLAZ X

{D-d <X<D+d,}=
{16.40x10° C' < ¥ <1692x10° C'} (31

X, d=0.12x10° C'; d, =040x10"° C'.
2 J5, A LU EFT v R146 52 15545 Bk Ah v
A E JE - 2 XIHPDF A f(x) » Fisher{s BIE1

=" w9 e @)

R I 2 4 Ak d /MU Fisher (5 5., A
[ e

[ o

SEE

f(x)=(10"/15)Ai*(20 053 162x/23) (33)
X, D-d <X<D+d, . 5JHI95%% i X A]
[D-d_, x4 ] PTG F T4 2]

j " r(x)de=0.95

16.40x107°

MR X, =16.78x107° C', FREH& XA
[16.40x107°,16.78x107°] . &% GUM 1 i 7 [ [X i)
A (31), AT LABGUFEFT5 2 U AN 2 5 DX R A v
AR
3.2 3KIe2

SEH6 230 3 o F BELY T 2R LR T AN
FERIAN R TH S T7 v AR BB, PR P sy R 2 3
II'NI-16Bit-USB 6251 High-Speed M %% T fig %
PR AL R, L FEAE S Agilent 34401 A 7 R

K1 sl g e

32.1 TSM7 ik
an ESCpTIA,  HUBH Y H R OE ik 22 T e e SR AR
R4, FBHBRAE A T SRS . M ECA 503, H
FHIME 4119.906 9 kQ. Wl (X #FAgilent 34401A 6
2 HEAS 5E D (1AS SRR 2 100 kQ):
Accuracy = £(0.010%reading+0.001%range) =
£(0.010%x119.906 9+0.001% x 100) kQ  (34)
IR TSM A%, BB A 3450 53 Aii s R
BELAELAH G AN 2 S «
u(R) = Accuracy//3 = 0.0075 kQ (35)
FEL BEL P P S () A 2 5 A -

N
E(V,) :%ZV; = 48514713V
i=1

N

D V—EW)Y

oV, =\~ =0.002917 442821387 V
! N-1
u,)= 05%) —130.082 345964 914 1 pV

Hop, VORI oRoRTi 2 udoR AN E .
HRPENT 625x BEWI 45, 2 DhREEE R (1 ANy
SEPEIRUIT -
AbsoluteAccuracy=Reading(GainError)+
Range(OffsetError)+NoiseUncertainty



782 R N

545 %

o,

GainError=Residual AlIGainError+
GainTempco(TempChangeFromLastInternalCall)+
ReferenceTempco(TempChangeFromLastExternalCal)
OffsetError=Residual AIOffsetError+
OffsetTempco(TempChangeFromLastInternalCal)+
INL_Error
X3 SN AR 1004 i, A7
NoiseUncertainty = RandomNoise x 3/ J100

eI 2, MR LB (-5, 51, HAbsSLIR 24
BEEWIT
TempChangeFromLastExternalCal=10 C
TempChangeFromLastInternalCal=1 ‘C
Number of readings=503
CoverageFactor=3 o
GainError=70 ppm-+(13 ppm/1°C)x1C+
(1 ppm/1°C)-1°C=84 ppm
OffsetError=20 ppm+60 ppm(21 ppm/1°C)x1°C=
101 ppm
NoiseUncertainty = 3x140x107°/ J503
YT HERAFE Dy
4.8514713x84 ppm+
140x10°°
503
BI85 oA, HRBIEAN & By«
u(Vy) = AbsoluteAccuracy/\/g =537.657 7wV
(36)

AbsoluteAccuracy =+
5.101 ppm+3 x

HAL s (R O B B b HEAN M o B -

u(Vy=u>(V,)+u*(V,) =553.1702uV  (37)
P=V?/R=48514713/119906.9 =196.292 uW (38)

S, A AN E B 0] AR R A

oP V ) opY’ 2

P — el V + | — R 39
" \/(GV] o (612} e
E(V).R E().R
A,

OP 2V _2x48514713 ¢ 0514107 (40)
vV R 1199069

2 2
5_P:_V_2:_M:—l.6370><10'9 (A1)
oR R 119 906.9
FIFHZ(39) AT AT 21

- (8.0921x107°)” x (553.170 2x10°*)* +
u = =
(1637 0x10)* x(7.5)°

4.6416x107° =0.046 416 uW (42)
1€ Dy Z I PDF iy 101 R A, A1 EAG 7K1 4195%
T, AIRAfS 2]
P=P+U(P)=
P +1.96u(P)=(196.292+0.0910) uW  (43)
322 FHEFET R
FIFH G HAT D H I S F RIS B B, 5 2%
(P 45 A -
P =(196.292 +0.088 2) uW
323 RRWET &
R0 5 50 4 PR B R AN 2, D38 I B K m]
fie {5 4 196.3670x10° , #x /N W fE H N
196.2450x10°, 4 .
d_=196.292x10"°-196.2450x10° =0.047 0x10™°

d, =196.3670x107° -196.292x10° =0.0750x10°°
FE SRV 217U PEL A 3 V0 T 6 ) A
I

4.562 66x10°
p(x)= .

ot 66x10°x0.122 0x107

—4.562 66x10° (x—196.245 0x107%)

(44)
TR 195% 7 1 X [7] [196.245 0 107°, x, 55 ] 1 LA
Sl

J.;:]:.5245 0x107 p(x)dx =0.95 (#5)
JIT LA A95%% 1) 5 2% IX ] Ay «
[196.245 0x107°, 196.354 5x107°] (46)
324 FEFlFik
FR Ak A 617
250 5
POx)= 11.47&069210 (Aiz(&lgox)(;.n)) *7)
M

J‘::zoo 1x107° p(x)dx=095=
Xy05 = 196.402 496 7x107° (48)
95% EAS X[ Ay: [196.2001x107°,196.402 5x10°°] .

B EIR LR T4, RS XA 4 95%0, EFLS
FAF R 45 R 546 G071 NMGUM T iE MR R i
TR — 2
4 T i’

MSEBE I FA P R F, BFUTVEIRME T 59— 255 &
Brbn e A A R ) v SR S AN s FE R T v B
LR, EFD A T B EE Bl A RO E I &
A EATERE . MMM ARG, A&
FEHR & —ME B o e . —BokSt, BTl



51 UfHE, A5

T AN RE AN T R B 9 5 IR A5 0 783

25 NS 3280 (messenger effect), 15 BRZE Y
Fk, BIASESEI & S 8O T S A G B IATE
o FTUAMIRAN T SC B, Bl 5t (1 (AN A2 4l
SR, A I W O SR 2 R R RO % T 3R
PRI, gl A N ) G S A T e ox 3 S R )
(CRINITET AP

{EEFUT A, MAA4s R 545 B B REas
A5 BN FE (Y Fisher 5 E R E 1) . BT LA EFL %
Ak I AN B SR TR A R S Rk A
e 5 S At 5 W) DR] 3R 11 L [R] 40 BE AL (1) 27 T 2
Pk T — R BRI &, B e s e
JEME—IK), (EEFIRIFEBN T, IXMPIE & 1 Fi P55 1) s
{5 BT LI AZ e ok, RN I R R AN
SE FE Al TH B AR 1 2 R AT 5

AR AR 1, W 7R ()T LU
—H TR, WA FE R A AREZ TS
RS R FrAEFL A3 fE T A Db ——HAA
[F M P RSO0 AR AN [R) K B2 1 7 22 3 A A ot
AN PE IR IR AT

5 %45 R iF

ARSCHRE T DU AN S AN T () A B Fisher /5
7%, W PR Fisher(s BN 45 tH (M PDFHE % %1 i 75 A
iy 7 55 5 ) DR 3% DA R U R 0 TR BRI ) () 2545 1)
PN o ZITEBRANN T AR 3R G v R A5 B ()
TR, SORBYE T AEGEGUMIN AN R R R R
i, H AT REHE AN [ () 29 R 2% A 2l A b Ak T S AN A
SEFE o A EC S SN S B T AR IEMTE S
B . R IRECEFDO M. I PDF [ AR 40 1 1) 8, £t
T Fisher{s B3] 1 2440053 77 R, AR A Bl Ul 2
AR T AR AR 1 T LW XAk . 1oy o R At
RIS, MBS FORIE T 4 PR Fisher 75 v ] LASEEL
DO e N e - ORI P i 7 = o Y T )
AT, B9 T %O VE R SR

& ¥ X M

[1] FERRERO A, SALICONE S. Modeling and processing
measurment uncertainty within the theory of evidence:

variables[J]. IEEE
Transactions on Instrument and Measurement, 2007, 56(3):
704-716.

[2] BIPM, IEC, IFCC, et al. Evaluation of measurement
data-guide to the expression of uncertainty in measurement
JCGM 100: 2008[EB/OL]. [2015-03-15]. http://www. bipm.
org/utils/common/documents/jcgm/.JCGM_100_2008_E.pdf.

[3] BIPM, IEC, IFCC, et al. International vocabulary of

Mathematics of random-fuzzy

metrology-basic and general concepts and associated terms
(VIM) JCGM 200: 2008[EB/OL]. [2015-03-20]. http://
www. bipm.org/en/publications/guides/vim.html.

[4] MAURIS G, BERRAH L, FOULLOY L, et al. Fuzzy
handling of measurement errors in instrumentation[J]. IEEE
Transactions on Instrument and Measurement, 2000, 49(1):
89-93.

[S] MAURIS G, LASSERRE V, FOULLOY L. A fuzzy
approach for the expression of uncertainty in measurement
[J]. Measurement, 2001, 29(3): 165-177.

[6] URBANSKY M, WASOWSKI J. Fuzzy approach to the
theory of measurement inexactness[J]. Measurement, 2003,
34(1): 67-74.

[7] FERRERO A, SALICONE 8. The random-fuzzy variables: a
new approach to the expression of uncertainty in
measurement[J]. IEEE Transactions on Instrument and
Measurement, 2004, 53(5): 1370-1377.

[8] FERRERO A, RAMBA R, SALICONE S. A method based
on random fuzzy variables for on-line estimation of the
measurement uncertainty of DSP-based instruments[J].
IEEE Transactions on Instrument and Measurement, 2009,
53(5): 1362-1369.

[91 FERRERO A, SALICONE S. The construction of random-
fuzzy variables from the available relevant metrological
information[J]. IEEE Transactions on Instrument and
Measurement, 2009, 58(2): 365-374.

[10] FERRERO A, SALICONE S. Uncertainty: Only one
mathematical approach to its evaluation and expression?[J].
IEEE Transactions on Instrument and Measurement, 2012,
61(8): 2167-2178.

[11] FRIEDEN A R. Science from Fisher information-a
unification[M]. NewYork: Cambridge University Press,
2004.

[12] IUCULANO G, NIELSEN L, ZANOBINI A, et al. The
principle of maximum entropy applied in the evaluation of
the measurement uncertainty[J]. IEEE Transactions on
Instrument and Measurement, 2007, 56(3): 717-722.

[13] MAKALIC E, SCHMIDT D F. Fast computation of the
Kullback-Leibler divergence and exact Fisher information
for the first-order moving average model[J]. IEEE Signal
Processing Letter, 2010, 17(4): 391-393.

[14] SONG Xiu-feng, WILLETT P, ZHOU Sheng-li. On Fisher
information reduction for range-only location with
imperfect detection[J]. IEEE Transaction on Aerospace and
Electronic Systems, 2012, 48(4): 3694-3702.

[15] YILMAZ Y, WANG Xiao-dong. Sequential decentralized
parameter estimation under randomly observed fisher
information[J]. IEEE Transactions on Information Theory,
2013, 60(2): 1281-1300.

[16] ZHANG Jiang-fan, BLUM R S, LU Xuan-xuan, et al.
Asymptotically optimum distributed estimation in the
presence of attacks[J]. IEEE Transactions on Signal
Processing, 2014, 63(5): 1086-1101.

[17] GUO Sheng-han. Analysis of data-based methods for
approximating fisher information in the scalar case[C]//The
49 Annual Conference on Information Sciences and
Systems. Baltimore, USA: IEEE, 2015: 1-5.



784 R N

545 %

[18] HUBER P J. Robust statistics: a review[J]. The Annals of
Mathematical Statistics, 1972, 43(3): 1041-1167.

[19] FRIEDEN B, GATENBY R, ROBERT A. Exploratory data
analysis using Fisher information[M]. London: Springer,
2007.

[20] DANTONA G. Expanded uncertainty and coverage factor
computation by higher order moments analysis[C]//The 21
IEEE Instrumentation and Measurement Technology
Conference. Como, Italy: IEEE, 2004: 234-238.

[21] FLETCHER R. Practical methods of optimization[M].
New York: Wiely, 1991.

[22] SCALES L E. Introduction to nonlinear optimization[M].
London: Macmillan, 1985.

[23] COHEN M. The Fisher information and convexity[J].
IEEE Transactions on Information Theory, 1968, 14(4):
591-592.

[24] GELFAND I M, FOMIN S V. Calculus of variations[M].
New York: Dover Publications, 2000.

[25] FRIEDEN B R. Applications to optics and wave mechanics
of the criterion of maximum Cramer-Rao bound[J]. Journal
of Modern Optics, 1988, 35(8): 1297-1316.

[26] WANG Zhu-xi. Special functions[M]. Singapore: World
Scientific, 1989.

[27] VALLEE O, SOARES M. Airy functions and applications
to physics[M]. Singapore: World Scientific, 2004.

(E¥ZEZE771R)

[7] K4, Deltaff T 2 a9 A5 454][D]. 7 R
I K%, 1998.

ZHANG Duan-jin. Modeling and control of Delta operator
systems[D]. Nanjing: Nanjing University of Science and
Technology, 1998.

8] HTH. FRIIERGEKRREZE AN 45T
2009, 8(11): 32-34.

PENG Ding-cong. Basic principle and application of
Kalman filter[J]. Software Guide, 2009, 8(11): 32-34.

[9] MIDDLETON R H, GOODWIN G C. Improved finite word
length characteristics in digital control using Delta
operators[J]. IEEE Trans Automat Contr, 1986, AC-31(11):
1015-1021.

[10] YANG Hong-jiu, XIA Yuan-qing, SHI Peng, et al. A novel
Delta operator Kalman filter design and convergence
analysis[J]. IEEE Transactions on Circuits and System,
2011, 58(10): 2458-2468.

[11] =&k, KsR, TE2H. AT % £ 5 Deltal T4

LMS & 3& B R R Sk [T]. #IBRE S A, 2009, 24(2):
189-192.
LI Hui-guang, ZHANG Shang-bin, WANG Mo-qi.
Adaptive LMS algorithm using forward Delta operator[J].
Journal of Data Acquisition and Processing, 2009, 24(2):
189-192.

[12] AR, Kiksk, Edde FRZEREHE-FMERE
M]. &% b Tk KR4, 2007.

QIN Yong-yuan, ZHANG Hong-yue, WANG Shu-hua.
Kalman filter and the principle of integrated navigation[M].
Xi’an: Northwestern Polytechnical University press, 2007.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


