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A treatment method of flight data based on singular value

decomposition and wavelet analysis
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Abstract; Through analyzing the characteristics of the unmanned aerial vehicle (UAV) data
recorder parameters and the reasons of the outliers, a method using singular value
decomposition and wavelet analysis is put forward with the existence of noise to detect outliers
with the combination of comprehensive, namely first use singular value threshold de-noising
algorithm of signal to noise reduction processing for flight data. After processing with wavelet
analysis method for noise reduction of signal detecting outliers, the resulting signal sequence
can accurately extract the unmanned aerial vehicle (UAV) recorder by the received signal. The
simulation results show that the method can not only reduce the noise but also accurately detect
and remove outliers existing in the received signal.

Key words: the data processing; singular value decomposition; the wavelet analysis; the data

recorder; unmanned aerial vehicle(UAV)

B4 2014-02-24
EZR: b #1990 , Lo WA 58 AR , NP3 I 5 WA 5E . E-mail: 541753227@qq. com
BWEE: T/ 96255 58 61, TN EE N H 5T . E-mail: nhshaoyun@nuaa. edu. cn



%55 3] M 2 T AR SR A MR RN BT ) R AT RO B (2R A A B i © 395 -

51 &

TR GA L HAT B P AT AT A TEE P RATPREE A S 2R MR A A5 2R A TR s R A 1)
BRIZEN AL ST AR 1 TARARZS SRR T3 G bt 35 B0 M 1R 22 RIBE B 2% A il A P 2™ A —
SEAR RIS S . PRI B AR S RO T A0 AT Rt AT AL B, LATH BR B 10 53¢ A% i aod e
IR FER 22 D9 WL LARARZS S B0 70 B IO FH S IR A 1 52 10 e o i X

TETC ML QAT & 308 SR 7L A B 2 — B 0 SR A0 79 SR R e 1 A 2 ORI 0 58 A 4
5o (R BURIC A B 2 BT IR0 I HAEIZ AT B B8 2t TRl 5 o i A A 5 A L
g5 i DL AT B v SR A BHERAATE, B XS5 Sy R S AR EEE .
TIXLEAF T A I A MR A S A I ol A2 A S PR X

N IITAE B B SRS U AR B RN AE 55 AT S s A S T ARG OR . (H
Wit e P A R (EL P [ N B B AE AN AR A 17 0 T BRI 75 155 B2 IR . AR SCR TR 5 19
B S S AR R AR S (e R A A 1 A AL 0 A TR o 7SR /DN 43 B e 0 e BB {1 45 ) 14 o
Lo At .

1 ESHFRESBEE

HIAE PR, 21 FH 5 (singular value decomposition, SVD) & —FliE 38484 , % FAE—AM 7551
SRR AR I AL 388 3 0 A A 53 T AR e — A TE S HE I WK D R R e Ak R — % A LR

LM A o Xon Wy SEHE B WAEAE m Y B RE U Rl BB RERE VL 45 A=U « S x V', Hh
S=(diag(1+8:5++:0.).00, H 61 =0 =+-=06, =0 NHFE A & FMEH, EN1H A ME—#x, A

II. O
r:mmMLWS:[O(joE%A%ﬁ%ﬁﬁﬁ%ﬁﬁ%ﬁﬁ#%ﬂ%%ﬁ%%%mo

2 NS
AN o B 9 BRI 0 L R B Ry T BUGR SO L B8 0% .
90 € L* (RO LI 258 ) WL AFVEHE A A
L‘”:Ji‘w‘ H @) | 2dw << o0 D
I C 798 5 A N 51 3 N N 60 T [ gCode = 0,80 30) = 0,

RS B R AT NS s (0 = [l () ot R F v 7 0,6 R
KF SN ¢ 10 S N
W) (@) = foun) = |al ¢(t;—”)dz )

AT AT Y B o AU IO R b RV SO0 B AR R R RS RSN B B @ BOBE N
ST 1 Bt 2 3K RIVIRF IS 3R I R B4R e DRLIEE /NI A R B BB 45 f) i 3k o
PEATRE TR AT RE 37 » o ] UG B A5 -5 rp (RIS o 1A 06 0 1) 20 B o A 3 AR B 1) g 383 350 20 A o
P AER G A5 5 BHE R E L S

3 FRMERNERE

WH NGO A5 T A SIS A PR D0 - — B AR 5 AERE— I 20 P R (R A AR R A8, SR AR 5 1
AL R A A R AKE L HE — BT A [ W s o5 — Bl AR S SN EARSE IR B R AE  (HOR (5 5 1Y




. 396 - k¥ B % 36 %

— B> A AL BB R AN R SE Y Bk R 2 S LA [A] BT

HH A TG 2448 80" (Lipschitz) Ak sRE Jay il ar S

Won B —AEAREE nla<n+ 1, QUERAFAE M D EL B ho >0, S n IWE TP, () o (453 XA &
h<<ho 394 : | f(xo+h)—P, (W) | <B | h |« FR () TE Sz, N Lipschitz ao W15 ERXXT A 20 € (asd)
WG, Hao+h € (asb) JJUFR f()FE(asb) Fjd—3 Lipschitz o, BR, () FE 20 £S89 Lipschitz o ZI|1H|
T RRETEIZ S I IE DU B A BRER /() FExy sSJ2 Lipschitz o, Lipschitz o $8E08C, I s BB T 5 pR%L
TE— RS AT WIFEZ A3 Lipschitz o $880H 15 BREIE — sUFT 5 10 S0 FUH AN I 20, Lipschitz o
TEEOE IR 1 AR f()TE 20 WY Lipschitz o<1, WIFR BT E 20 SRR I —DTE 20 DESHHA R 1)
PR I Y o FEECH O,

4 FRESWEEEER

RITEA R T 27 SEAE A A s A AR T, B B AT 140 s B AR R E S0 #E b i) i 51
P55 S=(S,,S.,++.S,} . HA A=As T Ay, HH P As JRRIR1E S BT 5 1 19 Hankel
JEFE, Aw R HIENZE 722 6% IS 5148 ) Hankel 55 B ((EUZ X FIEA B E W EIEE5 7
G A HATEPMEACAL D . ey NXom BrkEfeE .

S, S, - S,
ae |5 S s o
Ss\’ S N+l °°° Sn NXm
K om=[+D /2] KREB; N=nt1—m, Fxt A #ITHRFESMA=U =SV, Hh.U 2
N X NHRE V2 m Xom JE R, HAR R IE AR

S _ { H Xr Or><(m~r) } (4)
NxXm

O(J\'*V)Xr O(E\'*V)X(m*r)

it':'js err - dlﬂg(61 9(3\2 9"'78;-)9H8i(i = 1729"'9}") %%E%A%%E/‘Jﬁﬁ'fﬁmj 9H6] 282 2"' 28; >O;

r << min(N,m) 2564 A Pk,

(BRBIRE T R T AR A T B E AR (MR 3] wa S SRR RS, [R)RE Y, 35 A7 1
P A5 R 7 41 b I R R, B r=m, 38R FH I — AL B AT SRR R B R 4K & A MEL, AT
Bor—k D HEE IORE R A BYHT £ A8 5580 KR W& R EEE, 11

S, _ { Hka Ok><(m*/e) } (5)
NXm

Ocvewxe Ocv—orxam
s, TT,, = diag(s 280280 o RN THEE R A LB OB AN U6 IR . PR3 B0
M AT A 135
SRR ACH
S.S, e S

A =Ux8 xV = (6)

S/\ S fV+1 S:z Nxm
X A" ST R SROP I E T AR B SO S A 0 6 P 50 e 1 AT PR S 2R S 1 e T
X R BRI SRAGE T i —/ N E 5 1
P 1R — B A A R AR R 5 8 18] 2 Ay S E 0 Ak R S A 5 5 1781
ML AN 2 sl DU H S 38 AR ST Ay 57 (870 A 5 1 e M i ORI L OF A S8 15 5 P81 A R 2R
A RFE TR i — 2tk



%55 3] M 2 T AR SR A MR RN BT ) R AT RO B (2R A A B i « 397 -

500 440
420
450
400
400
380 [
a i
= =
350 360 [
340 [
300 [
320 [
250 . 1 . . 300 . . . .
1100 1200 1300 1400 1500 1 600 1100 1200 1300 1400 1500 1600
A /s IS TE] /s
Bl SARENRRBES B2 ZRIHRESBEREHNES
Fig. 1 Original signal with noise Fig. 2 The signal after filtering using the

singular value decomposition
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