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Algorithm: R=Fault_Sep(Score,p,Testdata,L)
Input ;

1) Score : 1553 JE 4

2) p: EILAEL;

3) Testdata . 9" 4k J5 o9 IR B

4) LY 4N

Output ;

Rﬁﬁﬁﬁﬁ%?ﬁfgﬁﬁﬁﬁﬁﬁﬁﬁkﬁﬂz [ Rl 7R2 5t vR(J]
1. for each dimensionxjin Testdata do:
2. compute Cg,,, s.t. Formula(15)
J
3. for i=1:9 do
4. O_Cont; =0
5. for j<9(L+1)do
6. O_Cont;=0_Cont;+C,,
'
Jj=j+L
8. end for
9. i=i+1
10. end for
11. end for

12. compute R; s.t. Formula(16)

22 FitE/NKBEER

AR RGN AR 25 22 45 PCA/KPCA GEitaly
M X PN EICHE Y e T R AT 25 MR T LA Ak R
(R BRI TR AR T AR SO R /I e 25 W 5

2% DKPCA Seitit b 4T Ab Bl $2 5 HoAE UAV s
W RS N /NI B MR DA NI AR 4 Ry
Bl — A E S B =, MRS S AR L /N o i
J AR RE FARAE & (o &) 5@ s 5
(A0 o) AL T A E S WRHE, (105 B
1 {F Ak 380 7 2 2 R A5 0T i v X MR S TR A K Y
B IT A AT S, B AT 58 W6 46 15 5 19 25 e 4
U A F S BIES FAT (1),
2.3 ETF DKPCA ) UAV M EiZHT 5B
2.3.1 SRR

FET DKPCA MRS Wi 2 70 A 25 4 B
FELIZWT 2 NPT BE, B EA DUB O TR A B 4
MBHHEHERM4 T UAV TG ©AIR
DB AREA 8 2% > #5745 T.0LEY DKPCA 5
B2 WA | FECH B T e T i IR, 7Rk
B2 W 9 B, ARSI e I 5 it T 3 )
PRI ZRGT 0 0 28 I 28 43 25 25 A7 TR VE L, 45
X T30 A I 5 B, 358 S i 4 1 i FAL
W FAT BEAT /1N 25 W8 b B 5 560 107 T 5 42 1 PR &2
HEATLOXT . 5 & AR R D ik 2 e e oy g R Y, O
PR BRI, B AR AN 2 R,

AR L
B B R o RN 7

(ANES 4 F-—- 4
@ﬁvﬁﬁ ) (ﬂiﬁ'ﬁﬁﬁ ) S B

[HazHa )~ HE K] Wi 8 S |
|Iﬁ§3§6}*ﬁ#———-|liﬁ1ﬁfﬁi&%ﬂ|

B

K2 UAV B2 Bk iR

232 BERER
TE B AR BLBY B8 U EE AL IRINE
S1RAFEE WAL PE
S2 : AE AT /AT R SE Aty b ff 2 B R T R



%34

W7 S BT DKPCA B E 3 TG AN L T 00 AE LR 512 Wi - 623 -

HeHN T L ATEIN GRS W E D, 1A D %4
BESME 7 22 314 (2) OB BRI

S3 . f#i ] k-mediods * A B0 M D B, 15
B4 T B

S4 A FHER LS AN R pp 2 25 53 28

S5. % (3) T B K TR K, 147 (4)
Ak, B3 K,

S6: %F K A5 , 1 (6) 2XIH— L RFAE 7]

ST 1= 2ol (e(d) 0 (d) .

S8 (14) XIHE A& T F FAI FIH &2, K45
Bt T BSARTE ARG
2.3.3 ELIES W

UAV BRI FEL IS B BN F .

ST MHE s FilAb B
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3 IRLEE

3.1 RIEHE

R T RAS SO A B AT B AR UAV
MBI BE AR T — IR e #E 50 R, 33t 14 757 A
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Online Fault Detection of Fixed-Wing UAV Based on DKPCA
Algorithm with Multiple Operation Conditions Considered

. 1 . 2 . 1 1
LIANG Shaojun', ZHANG Shirong”, ZHENG Xing , LIN Dongsheng
(I.School of Ordnance Sergeant, Army Engineering University, Wuhan 430075, China; j
2.School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China

Abstract; The mission execution process of a fixed-wing UAV has multiple phases and multiple operation condi-
tions. Its parameters are nonlinear and dynamic. These characteristics make its online fault detection rather compli-
cated. To carry out the fault detection, this paper selects nine key parameters of the transverse, longitudinal and ve-
locity control loops of the UAV to characterize its real-time conditions. The core parameters are dynamically prepro-
cessed to construct an augmented matrix so as to describe the dynamic characteristics of the UAV. Then, the im-
proved k-mediods * algorithm is used to cluster the operation conditions of the UAVs by means of augmented di-
mensions. Neural networks are used to achieve the online matching of operation conditions. To overcome the nonlin-
earity of the UAV, the fault detection is performed by using the DKPCA algorithm ; the fault monitoring is conduc-
ted through constructing the compound indexes of SPE and T°, notated as FAIL Furthermore, the fault separation
algorithm is proposed to specify the variables of fault from the augmented high-dimensional data set. In order to deal
with the erroneous reporting of faults due to measurement errors, the paper conducts the wavelet denoising of FAI,
the compound indexes of the DKPCA algorithm. Finally, the data set collected from a real UAV flight is used to
verify the effectiveness of the DKPCA algorithm for operation condition clustering and matching, fault detection and

wavelet denoising.

Keywords: fixed-wing UAV; fault detection; DKPCA algorithm; operation condition clustering; multiple

operation conditions
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