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Abstract

With the rapid development of aerospace technology, the volume of spacecraft telemetry data has
been growing explosively. Efficient analysis and mining of these massive, high-dimensional, and com-
plex time series data are crucial for spacecraft health monitoring, fault diagnosis, and operational
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mode identification. This paper proposes a Segment Centroid Iteration Method (SCIM) for central
sequence mining, specifically addressing the characteristics of spacecraft telemetry data. The method
first preprocesses telemetry time series through feature representation and hierarchical clustering,
effectively reducing interference between sequences from different operating modes. Subsequently,
an iterative optimization process, utilizing segment-based matching and centroid merging strat-
egies, achieves rapid approximate solutions for central sequences. Experimental results demon-
strate that the SCIM method retains the main features of the original sequences while significantly
improving the efficiency and representational capability of central sequence computation. This re-
search provides new insights and technical support for in-depth analysis of spacecraft telemetry
data.
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1. 5|8

WIRBAEAE R SR RS, HAS TR I S 18 28 5 RS 6ET48 55 B BT AT R R 2% 1) 22 4
BOCE L, MEIEHE R NURSSAEPUSAT IR 2 AR RS S HER R, B8 TRE. R, Bk, HiR. 1
R RBFEZ M SHE R X EEE DU [ P A R e L5, BARIRE R, 4EfEm. et vEa.
Nk P T 2 DA SR X 20 1 S5 o ) 3K A g R KA AT IR N2 IR AN 23 A, BEAS AN IR 38 5
TR AE R AR TARRE, AT TR SR I s B . SRS TR A 25 A I (S Be S 1]

A8 G0 T K 4 208 W 50 23 W 3 2 A T RS AN T BRIAE, e DA 7 3000 & i e/ Xl K
IRZABM TR, A REER N TR REOR PR &, HARZIR B AR R X —Bh 3R 4t 13
AT . I IE] T F AR T2 3R A A EAR P2 I8 SR ) — AN B3, B yd T AN Ta) 5 2 $HE o R A 0 AR
K BHAMENR, KA. EI7. TPl SS90 0BT B35 k(2] [3]. KT []F 53R 12 38 BoR B
F TR 2828 S 0, Refie A A T Eui A BRI B S AL AR ReA /KT, AT SERG v . e b DR B AT
RBEPZEIBT.

JUL R 25 2 U KA 42 S ) B 7 2 AR rh e S WA I L B T BRI TN S T T . R SR
ASEIN 75 T, T2 D S ) S R RN 4R, AR SRR B T G 25 R VB AT AT A AR PR 31 B2 2% 1) S i A 2
AR, BT HLE 5% S FIUR B 2 ST 7 VR80T ORI S #40S, filtn, R SCREmIENL(SVM) [4]. IR
#(Isolation Forest) [S]55 BIEHAT S8 s b UM o BEAE, X0 18 MU ACHRE i) (] 7 7, —2epf IR &R T
TN 8] 2 AR AR B2 B (%) 7 R A I e, BB AR 81 5 SR T R )l R R T
[6][7]. TERFIAIF A EARIZH8 T, RIS Mriniss 2 CHEEMN MO, Rk B AT AR & 7
TNV —2&, T a7~ Bt o e ) S5 M AT o B[R] 7 31 SR 2R D7V KRBT 70 =38 BEAA [A]J7 1) 5%
By TR HIRIAIRT [a] S5

1) BRI R 7 A 582 4 4F 2% 58 BE B I R] 7 ZUAE 9 — N Bt AT SRS . XK I7 VR R TE 74
AR A EGES, F T IR R TR FTR R R H . B0 B R IR s . AR
i AN R BRI IR B (8]
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2) TRHVRIE: WEAK IS 8] 575 h 521 P 5 AT R3S, B AR ILF A1 b P B el e % B
TR AR #3247 T A S 308 S Bl s ST U R S [9].

3) WA AUEESE R I 8] 41 Hh o S B TRD At ) B o G TR RO ARACL A, 3 FH T 3000 B 4R R AR AR 3R
~[10].

TEACLE P 5 T, WK G EE B8 (Buclidean Distance, ED) 1825 i 6] 25 i (Dynamic Time Warping, DTW)
Fe PR 75 . BREQEE B THERL AT B, (EDRE 3 20 RN i 7% 028 DTW U REAT 244 22 16 [ /7 41 1) 9
LA, AR R R R E1].

HOL T FIAZHR A I 6] 5 50 0 A i — AN AT 5%, B — AR I 8] 77 271 T 4R 31— 2k i FARER
PERIF Ao 30 TR 0] A L SRIBURFAE B Dy e W dar i () B e B 2 . HEl, HoL A sE
SCFITHEINE M AT S — e, FEAFEE TSP FH T S mEs). ETEARNF
FICA S T FE B FFF[12] [13]0 £ H0FHIMTHE, OfF —SElak, ks THEZ UL R A5 ME
1L JERT NLAAF (Non-Linear Alignment and Averaging Filters) /775, UL RFETEIRE FHH) PSA (Prioritized
Shape Averaging) /7 {5[14]. SR, X LTy VELEAN TR Ry 4t . KRR [ /3 0 ELHR Iy, A9 T I T S5 R0 2 A At
PERIBE K - 140, NLAAF W] GeS8 IAA A8 A oE AR FE, 107 PSA 7E 2 s VUL m] RS BUK B I AR T,
FRIFHIEAFRHE. DBA (DTW Barycenter Averaging) {8 —F & /IO P85, BARRAER
TP, AR LSS SR T HI46 PP A Rk #%, BN RUAR[15]. A 1 BEARIN (8] FP 51 i 4 B A &2 20 i, — 2
T3 SN i B P A T R SR IR R 4, SRS AR TR R BT AL A AR . LR IE R R T
A B YEIE fl(Piecewise Linear Approximation, PLA) [16]. B #U{# B i 25 #2(Discrete Fourier Transform,
DFT) [17]. B EUNEASH(Discrete Wavelet Transform, DWT) [ 18145, XU 7 :Rets A ¥UE 4 %E, B anfT
BRI I RHIE R 7R 7 DL AT i DR R IE 7R REE 78 70 DR B AR P A1 OGBHE R, X RT7 VR I Pk
ko TR, BHAEIRFEZ I HEARMIKE, BRI Z MR IR R A 22 X 25 5k 2% 21 B (8] 7 21 i 3R
INHREAT A 2R . BN, PRI (RNN) [19]. KA HICIZ M 45 (LSTM) A Transformer [20]
SR GRS RS B[R] 7 91 ) B2 e AR R AR OC 3R o IR BE 5 2] VA AE AL B RS . & 2% i [) 1 1) 2508
J7 RIS BRI /), HE TR ER B MAMEEIR AT 2R,  H BB n] SR AR N 2

A BAERE P A H B B AR 28R M HE O PP B2 D738, DS IR 7 VA AE AL 3 AR
52 RE AR I TR PR . AN FEA 45 G I B SRR IE R . R FEARIRAL BOR s B
FF BRSSO B, R R 2% 18 W B0 1 Be b A T B R S HE .

2. SCIM ¥3%

BT R 2838 D 5 0 7 S 2 88 A ELE BT 816 R 1) ORI TSR0 ) i, AR T — i
T4 B 0% 4R (Segment Centroid Iteration Method, SCIM) [ H 0 7 F1l¥2 4 771 . SCIM BLyETE H iGN 28
P B EERS B, BINT FAIB UL EES, JRES G IEAIUASEES, SEIL T rhoO 7 S PR LR i .
SCIM 5Lk BRI &l 1 B

SCIM Sk FEAHE LT S EE:

1) RN SRER R : 5, BEMEHURZEN N 87 7B A . R 257 5 K
ME M, A THREESAENE, AR 2RSS 8 IE RN 5 B2 M1 {(Global Information Entropy
Adaptive Piecewise Linear Approximation, GIE-APLA)SykXt R 46 7 ZI AT R fiER 7~ . GIE-APLA BERS A 4L
MK SR AR IS 8] P 5 R 468 — RN P A B, [EINORER P A1 TR ARHE, 5 SE R AR 5 B R 3R 34y
PrB0E £ il GIE-APLA fEA% 48 PLA HUZEA L, SIAT “2)R(E BM 7 BB, CAseBl B B & pitk .
15 B 2 B8 B i 48 AR, LER 551 40 Bodr, ] LA T PPl AN FE 23 B U Re Al R B AE B
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Figure 1. Flowchart of the segment centroid iteration method (SCIM)
1. DB RUERESCIM)RIEE

B 2 B> A E . GIE-APLA HIAZ G REAER: EFHT 5 Bet, BES VRN AN A 7 B s 0o 54N 7 41
SRR . — AN ERARI > BUS MK RE S e KA o B TR AIE B, BeE U, A B
S B SR AT REMBIREAIE B — A, T AN [E] 3 B T A 7 B Sl (e A A AL, s X M7 5, GIE-
APLA REWS F & N E 73 B s, AR AN B A SE 4t el 512 S 40 e 0 1) R B ARRAGE ]IS DRAIE 4 SR 1)
&R K R ME

2) MRS ERIEE: ERIIFIBRERE, 2N FH AR A AT 8. BT HiR S
TE W HCHE AT REAEAERS (8] b ARSI T AR, A e i BR PR 25 3 DAVE R B AR DL . PRI, FRATRAH Bi&
I 5 A0 (8] 25 #h (Adaptive Dynamic Time Warping, ASDTW)HyE K i+ HFFI B2 A HIER . ASDTW &
DTW [ —Fhisedt, Bef® o e Ab 38 7 41 AR 2R A0 55 ) fi o 56 TARLBE R RS, FRA TR Z IR B KT
X HNHAT R . JZIRIER R TS AU T 58—, A R0 A R TARRR T 71 2 [ 1A B
e, B G 1 TR SRR AN AR

3) NI S TR O R AL SR FEREUGRRTERE, BMRAGE T — 4B SR [ 551 . X T4
AR, AT EILE DI O T A AR R Hhade £ 5 7% 9 HAth 7 21 R S R0 B /N B0 7 B4R
ERERIWIAE O P o IX PR IR £ SR IS BE 8 T DR AV UG T O P B R B AR, AR SRR AR A SR A
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RUFHIE £
4) BERRARAL: A SCIM SUAN RIS, BB RIARE ST R AR 05, 44
fRe A TR

@© VLRSS K2 aTh O 8 5N BT A N 75118 — 25T 5 T e S B UL RS . 5144810 DBA
B R ILRCANE, SCIM FEAI 41 BO#ATILAS, KRS 75 0T 44 . UCRCIEREd, o N aEL
Z A VLRSS S, XS B T Ja S G A1 B T .

@ LA R PR RIS R, R A 55 I SR SR BB 1l L R A
XA R K 7 BE S A ROs /D = B a I 45 RIS, (45 BB 0 e 41 B AR R A A1)
BIRES.

5) WA S 25 Rt IR RR R AT, BB H0 O A1 S SRS ) O R A1 TR R S N
TP B, Bk BSOS AR I B 2R Bl . SCIM S i 4% H
BN RIER L SIS

Zi LRIk, SCIM HE AT

Algorithm SCIM(Dataset D, Threshold epsilon)

Input: D: Wi K #5568 I [5])/7 7Y 20 4 5
epsilon: YCELEG1E
Output: C_final: FF 1 FENT R0 )7 75 &
1. C_segments = {} // 7 1#EF 17T GIE-APLA J7 A Z 7
2. For each time series S in D:
3. S_segments = GIE-APLA(S) // {&/H GIE-APLA H#{r##1FZ
4. C segments.add(S_segments)
5. Similarity Matrix = Calculate ASDTW Distances(C _segments) // 115/ IIE.Z [H]H] ASDTW #:/5
6. Clusters = Hierarchical_Clustering(Similarity Matrix) /| H1T/ZKFHE
7. C _final = {}
8. For each Cluster C in Clusters:
9. S center current = Select Initial Centroid(C) // £ FE#4GH1L0/7 7Y

10.  Repeat:

11. S center_prev =S center current

12. Matched_Segments_Map = {} /| 1715 BF 1110 )7 5 BEXT BT VLI /721 ¢

13. For each S_input in C:

14. Warping Path = ASDTW _Align(S_center_prev, S_input) // /7 VLA

15. For each matched pair (P_c, P_i) in Warping Path:

16. Matched Segments Map[P c].add(P i)

17. S center new = Update Centroid by Merging(Matched Segments Map) // Ji 1> 5 7 7
LSFY

18. S center _current =S _center_new

19.  Until ASDTW Distance(S center _current, S center prev) < epsilon
20.  C final.add(S center current)
21. Return C final

A B e B A
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GIE-APLA(S): SEILA RS B & RL Ay BLZ M A%, K R) 7 51 S B 7 1 BL B o

Calculate ASDTW_Distances(C_segments): THE AT A B A Z K ASDTW FEE, A2 sUHLE
TR

Hierarchical Clustering(Similarity Matrix): &MU HEITEREI, REEHES.

Select_Initial Centroid(C): A% C Hid % 5 1% Py HAth 77 41 55 85 A S /N PP B4R ) a6 vl 7 41

ASDTW_Align(S_center, S_input): & H0FH 5HNTHI 2 [H K] ASDTW SAxf 74, ik
INWEISH

Update Centroid by Merging(Matched Segments Map): HRAEILEC(E S, KRR A0 JF 51 BT B ) 4
NFFHIBGHAT BLO-& I, ARG L1 .

ASDTW _Distance(S1, S2): 15 H %752 [A][1) ASDTW FEES.

A SCIM FkEs & THRHER R . B CRBAIERRERAR, BAEM I T AR A HR
FUBE L S AR 2 18 DU A3 I T W P T SRS AHE A P PR . S AR SR8 RUUL BT VE AN, SCIM By A
HI GIE-APLA #4775 B R IER R, FHiEE ASDTW THEF I B Z IRIBE B, KKFRAC T iH I8
AN, SCIM 5k FH 7 91 B UL BE A BT O 5 FF SRS BEAT IR ARARAL , A3 R T R & Rk 45 R 5, A
P 5 b O 7 A T REAR SR A N 7 B B B AR TE 45« SCIM BTV 7E OR BE 546 1 41 36 BERFAE 1R [RI I, A Rcde
TET oGP HI T R R FNRAERE JT, IR 25 28 KA (R B2 40 B AL 13 i) BB R R SR o

3. RfIAR

AR R IR 251 M5 6f SCIM. BVEREAT SE8 40, DASRHIE FCAE SR AE B8 AN TH B85 7 Th A vk
Ao SCIREURRIFE T HAURSE 2023 4F 8 H & 10 HIHEIF Y2 2 5(TEDATA003. TEDATA006-
TEDATAO008. TEDATAOQ09)N JF£u#, HLit 158 %, B 167,013 NS gD s, fr
AR AT AT IEAT T i e A

3.1. FILFIITEHR

T EMER SCIM Bk O AR R, IRATUAEN 24 TEDATA006 12023 £ 8 H 8 H 9
R 10 A5 A R B N 18] 7 31 R B EAT 20 B 2 o T PSR R A 7 4 e Fl it SCIM B33 5 43
LRSI

wiE 2 BioR, AEMIEASRLS MRRMNKIEGETF, EAMERES R (B1E R AR g
Bz, BRI L NP R IA 75 2408 GIE-APLA F5 LR R G BFF1 B Il s (o sz 2k 3t T
SCIM BRI O RS, %m0 7 51l 2 S R e 51 B VSIS B G &R e . SEiRss ik
B, WEEFOTF ISR KRG T AR LTS EARFE—8, XVPPRIE T SCIM BIETELR B 467 51
FEAE R RME . AT ERZ, PIREEFSIZER DTW R 30.82, TitHE AR .05
FIEIP SR GG T A I BE RS 20 50 11.39 F15.24, HiE 2 AUVNTHF41IEF) DTW BEES . XA/ & H 0 74T
B R, BRI P ARG 5% N 781 BE 2 2 A /N T8
32, BRBRERMHT

PAZE 24 TEDATAO006 T~ 2023 4F 8 H & 10 H MR AE S 42 2605 ][5 510451, SCIM Bk & it
R F B 2 [ B EEEBS, AR ARBLBE AR RE AT 7 F I 2 IR AR 7y 18] 3 JRom 1 - R A5 R

JRRFRR UM RIE X R R IR, WIIERY BO S 7 5 — AN SR, B85 R OCKE BE B8 f s
PPN RS IR ML, FEMABIRERENES T, HITHEGIFAN N TBNESG. X THRSE
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Figure 2. Schematic diagram of merging two sequences
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Figure 3. Hierarchical clustering results

B 3. BIREBELER

BN P A IAAERI TS S, BREEEARER S BRI EW. O F e RN X
SR A UK . S IR AR T bR T R B R, AR, SRR, R
RrE MR T . B, g5 4 A0S TR IF, RN RABERARRIE: R, N 18, 21,
22, 25 MFEHINRI NE 2. [ 4 JEoR T X B 7 51145 10 SRR B 7 41 .

4 M R, RS R I T SRS RHE, XE—BIE T ASDTW SIETE T S kAU
PR IA R #5506 0 RN, SR B 7 55 a0 7 SR AR DL AR, B2 T ae2 ANl
ek T A, TEH QAR R BT AR BR A . Bln, S RoR T 95 R 9 MFSI, HIEm/ERms
HENFHIES, RPHIEEEHATFFIAF.

Bl s i, a2 hgms N 9 KPHIER, BOEMEX NS N4 KFHER. e il, 45N
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i A R0 R 2% DI 8] P 510 508 rh e I B AR A s

4. &g
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Xof S IR 5] 5 S HEAT A Rk 7o SCIM. SERIAZ O AE T HIBARIUAL LA, 3l 7 51 B UL e A BT O 5 9 5
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ARREGWEFETT R T LLELAE: 3 — 2B fiie SCIM SERITHEIERE, fH RE 5 KL T SE R AUBE A28 MM dls s IR
ZRF SCIM B TR0 R & ke o PN A fi B BRSSO 57 AR IR 2T BOR, $2T0t
HhC B2 I R R REAL KT

SE ik
[11 Z=E65, KEE. AR IREh TR 28 5o Rl T Bk A ok rp [ 23 (R S B EL R 7R [J]. #ANTR, 2021, 27(2): 244-
251,
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