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Minimal Rare Pattern Mining Method For Satellite Telemetry Data Streams
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Abstract  The pattern mining is an important technology applied to satellite intelligent monitoring
services. At present, the usage ration of frequent pattern mining is much higher than that of the
rare pattern mining. However, as far as the research whose target object is satellite telemetry
data stream, the results of the frequent pattern mining is not as effective as those of the rare pattern
mining in terms of the security monitoring, fault prevention and so on. This is due to the fact that
the frequent pattern mining can not reveal the potential faults and hidden dangers that may exist
in the components of satellites from satellite telemetry data stream, and it cannot also provide
preventive measures. Since telemetry for satellites is continuously carried out, the data stream on
satellite telemetry has the following characteristics: in the first place, it includes a large amount
of data; in another, its transmission speed is fast, and what is more, its data repetition rate is
high. If the common rare pattern mining methods are used to mine satellite telemetry data
stream, although its mining speed is faster than the mining speed of the frequent pattern mining,
it is still slow on the whole and cannot meet the needs of real-time monitoring for satellite. What
is more, the general rare pattern mining mainly takes static data as the object of the research. In
order to find out all the rare patterns, the strategy of generating all candidates and then pruning

is usually adopted, but which may be leading to the problem of combinatorial explosion and the
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speed of algorithm is slower. With the development of the big data and the technologies of cloud
platform, traditional storage devices have been unable to keep up with the speed of data transmission.
Therefore, if static data is still used as the object of the research, the storage device may easily
lose data when storing the data. In order to solve the above problems, this paper proposes a minimal
rare pattern mining method that can quickly discover the hidden information in the satellite telemetry
data stream. It has the following advantages: First, the algorithm proposed in this paper, that
is, the minimal rare pattern mining algorithm, does not require knowledge in the satellite field.
Second, this paper references the sliding window technology and objectifies the subjective parameters
(that is, window size) so that the algorithm proposed in this paper can process satellite telemetry
data stream in real time. Third, the algorithm improves the mining efficiency by only mining the
minimal rare pattern, instead of all the rare patterns. Fourth, the algorithm uses bidirectional
traversal techniques to improve the speed of the algorithm. Ten key features are selected from the
satellite telemetry data stream of some orbiting satellite to verify the proposed method in this
paper. The experimental results indicate that the algorithm proposed in this paper can effectively

mine all the minimal rare patterns from satellite telemetry data stream., and the speed of the
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proposed algorithm is faster than that of the existing methods.
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B A EA 1) i Sk SRR AT T I, T iELRR 52
AHIE AR B AR S s Do R ARZS R IR Ly TR
R R T 1,00 R m DR  MRP R0R 55 /M
AR FP R BB > RO IR 45 A
Wi i bR R, e 4 N3 2 A T B A A
S/ AR cevad Fl od. LA, T SCHFE R
0 A2 B AT 92 B 7 50, BT DA AN 3R J5e 2 1) 42 9 245
RS SRR 0 AR, DR L 5 5

W B R R A R L 0] DL — A Ak
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@EE T
@F= STz e
(VRN

[ et

F1 dme/ i A AR A2 i I A T

ok R I S A B NN OB ANy R E =V vk 2
e B E 1 MR 1 2R,
&k 1. MRP-TB.
A DS H 5 5
| SW I . H sl 0 R
& Je/IN 3R B
it - MRP . /N A
1. C,<{1—itemset}

Countsw (i)

| SW|
MRP, < {i€ C, | Supportsy <o}
FP,<~{i€C,|Supportsy =5}
FP,<sort{Supportyy (FP,)}.j € FP,

2. Supportsy (C))= 1€ C

- w

ul

6. C,<{len—itemset})
7. Supportty (Cp) = %;;,\(k)
8. RP.,~{k€ Cu,|Supportlsy <5}
9. FP,<{k€Cy, | Supportly =6}
10. RP,,, < sort{Supportsy (RP.,)}, rERP,,
11. FOR all S; in RP,,, {
12. FORall S, in FP, {
13. MRP, .. < BT(S; . S,)
14,
15. }
16. MRP < Filtering (MRP, UMRP,...)
EEE 1. BT.
BN Sy : T IAE J8 FHA RP.,
Stotom TR JB FHEE FP,
8 I /NS AR I B
i s MRPe « 18 > 1 (9 55/ A B
1. BT (Spoom »Siop 4

s k€ C

9 mid— ’7]7()tl‘()77;+ top—‘

3. IF (top—bottom <1){

4. IF (S,uiom is rare) {S,,, does not belong to MRP, }
5. ELSE IF (all the subitems of S,,, are {requent)
6. {MRP, xS, }

.

8. ELSE {

9. S,.ia < generate middle items between S, and S,,
10. FOR all S; in S, ¢

11. IF (S; is frequent)

12. BT (S;.S.,)

13. ELSE

14. BT (Spouom »Si)

15. }

16. }

17. RETURN MRP,,,,

18. )

MRP-TB 53R 3 M S 8UE M A - 3555 5%
i DS WS 1R [ SW I/ 3 B B E 6.
HEg AR B A B MRP. 5%, ZIE T A K
JEN 1R R O ARG Cr R AEUCD IR
Co BT A A Y SC3F BE S AR5 5K (20 $ i Br 5 s A5
B T - A FAE AR = T4 T DL L H A
(1 1-I50 5 0 foe /N A A7 B G IR BT
MRP, s SRJE 5 F R B EE 1-TATEA FP L IR
SCRFEETHFHER . O R P K Len (len S
P A5 A TR FR) A 280 B A8 2 R A SR 45 C - 2R
Ja R A CO BB AT SR RE AR X (2 Fl )
DX 73 A A A5 R A B L R 0 A 1Y Len-TAR TR
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o
-

NS RP ., HIEN len WETIALE R FP ...
J5 s LMES RPN TR A& FPy O JIEHER . 8 FH AL a]
I8 7 K BT (Bidirectional Traversal) %} i & K
JERT 1 Wi/ AR 855 85 MRP, B th i
Ky R MRP. BT s BOCR HI5E 0L 1 A 4b PR 45 R 4R
RP., M FP AE A i 85 2R 2 REERT 1 1%
AR MRP,.. BIRIZ R B P72 A FOE
TBEVFEAEF 2 0t Z b ) 4 By 2 2 408 R (AR i
J& — V0O EACHRAEAE M — B 5 (14 v (B 35T, T BT bR 2L
Yk A A AR H T] 2T 4R 1 (i A 4 A G R 0 E
e BRSP4 AT . O Bk A R A
BT e b HORE A E 5 %k A AR i v 1) 14 1 1<
J& T TGV Wl R A R v ) 4R A LR (AR
Hb BT pRECTESE 10 A I A B H2R i 2 B
BT A OB A BRI A5 1 R O B — A =
o f/ A B I BT s 802 4~6 47 .
3.3 MRP-TB EiE RS

M 3. 2.2 5B 1 7 o3 B i AR n] DU S X )
AL MRP-TB Hids 3 8 il LA 36 3 /N A
B ad, 7EE 1 o ] MRP 38R, 20 2R A 2R TR n]
I3 % o T e T B ) g g R L IR 4 B3 MIRP-TB
SR SRR, TS DAL 1 RSN A ad i)
T TR SR FH B ) s T A AR AT A AT

(D LA B T T Py o . 565 1 20, B Sk
FeiT 5 abede Y SCHFIE I W7 HOE 5 02 Wi A A0 5 46
2 2%, Lk abede g A e e 2. i a0 SRR
ERE 2 A, B abed fl abee; 25 3 25, LA
abed il abee Bl A= OB I M 1B 4. FE S AR
T bR A B R IR AT AT Y BT AT SR A3 A
PLEAASH AR A B BEAT CRRD . 358 abed 2R
B R i BE AR 0 S R FE L AT LAAR B 3 AR A B B
abd.acd Fl bed; 25 4 2. LA abd KRl Az 5l Aok 2 4
ab Fl ad. THEH SRR W] DI BIR A ad; 55 5
AL UL ad BT A e 4R a A1 d ISR EATRY S
FRRE G AT AR E a F d B B0 556 6 20 WA
M A7 A R R S /N A R ad.

(2) Lh A b oy . 55 1 20 T Y 1-35
Erh iR A R AR B T Rl DUANE AL e
NIRRT 4 IR ISR 56 2 45, L
AT a Ry Fp 5, A i 4 abLac.ad Fl ae. Horf
ad Fl ae HHi A ) .ab Al ac I ER 55 3 4, ab
Ry A BT 9 4 6 4 abeabd il abe. HoHr abd 1
abe JEMi A Y abe ZIME s 25 4 25, LL abe ¥
A AR e 4 abed Al abee. 5 BTG S5 FE AT DL

EENARARBERLE 5 2 NI A A Bl
)t R /N A RS ad.

I F R g3 A a2 5 P 1 )R L Ja) g g B
AL 3 A AT & B fie /D A A 5 ad s T BRL )
T T 07 35 5 52 6 40 Bl 19 [ IS 1a) b O vk
540, AR nl 3 ) MRP-TB 5 i (19 5508 B @40 T
P [e 34 I
3.4 MRP-TBHEEREST

155, o0 MRP-TB 583 i i (] 52 2% 2.

(D 5 MRP-TB 5 1~4 17l T X0 A
1-TAR FAR B 1- T4, o ST 50 4 A A S HF BE
PRI, 53 MRP-TB B 55 1~4 47 W I | 5 2% B2 o
OCwN) . H w 55 B985 N = 55 48

(2) 53 MRP-TB 145 5 17 MM % 1-04E 1Y
HeHEF o B2 A, B3k MRP-TB (1955 5 17 19 1 [A]
AR OGnlogym) . Form it % 1- 548 i) B it

(3) Ak MRP-TB B2 6~9 17/ T X 43 #i A
Len- TG AR TN B Len-T50 4 Clen J2& BT A A [F] 3119 >
B.E1H len=5,B4 a.b.c.d.e X 5 A AY
BO. K w2 Co R — R EA
O B A A L DR R I T UG SRR A
SERE N Len BT S RE N O By 45 0, )
B Len—1 FF H SCHFEEAS g O B 76 A7 T A 30T
SRAES B ] FF 88 8 O(wND. H It , 5535 MRP-TB
25 6~9 17 AY S PRI [A) 52 2% B2 O O(wND.

(4) Bk MRP-TB W55 10 17 H# A Llen-Ti
B AHMEHE P AR PR B9 MRP-TB B 55 10 471
] A2 24 B2 o8 O(nlogy ). Hovht n N A Len-TH4E 1

(5) ¥ MRP-TB 588 11 ~15 47 0 4 i &% /)
i A7 B A A Ho 5 13 A5 R 0L pa ke o R
] &2 2% B2 R OClog, ND g #E H 3% 11~15 1)
i IE] &2 4% B8 A OGmnlog, ND . BE 5 16 47 R 1 UE pRi
B, o e 2 2R B OCD).

i, 5575 MRP-TB B 5 /Y G I ) JT 85 4
OQ2wN-+mlog,m+nlog,n+mnlog, N+1).

ZJ5 o3 i MRP-TB 57k i %5 6] 52 22 J&

(1) F¥k MRP-TB 945 14715 6 17 0 1w
GBI FE 2R 3~4 AT MIEH 8~9 FT 2 i i M AT
T R BT ok R R s R A A S R 5 A
HEAMELR BN ON).

(2) 53 MRP-TB (55 5 477 F%6 10 172 HEHE
J 3 A P o i B s ) 9 S22 B D OCD).

(3) NeREL BT 55 10~15 47 AT WL BUJa] 3 JJy 75 v
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SR R R O B UGE A #2848 i mid.
BT BT s AR EE R Olog2 ND | [H I bR %k BT
(23 1) 5 2= i Sl OClog2 N . 3 T 4 3 35 MRP-TB
55 11~15 4723 [ S 242 B OGmnlog2N).

H L, 23 MRP-TB BF @ By 5% Bh 28 8]
O(N—+1-+mnlog2N).

4 LWEERMSH

T VPG AR SO A T X ] 3k g ) e N A
B A2 48 Bk MRP-TB /A 20 i F 2015 4 4
TR E 52 D B AT B e, A SR R
3RSy, BIER 1 AR R AL B 5 26 2 W R
2 BBCHR A PR O B AR AL 5 T BT 9 B0 B A 50 L BIIE
BB m] DL J /N A RS MIRP; 56 3 3843,
Tk T b S 5 36 I i i AR ) KR
4.1 HETALE

SRR TR 2015 4R (138 0 Ak dhs . R
80 MRHIES KL FATTHEUIR 2015 4 3 7 1 H ~2015 4
5 71 30 H ik — > ][] Be i) 32 0 504k AF Sy AR U S 5
) B K0 - 29 1600 5 Ak 3C . ol T 0 A2 3 00 45 4l
ARV 2 TUAR KBS BT L FRATT K 3k 26 50048 10 5% LA
Lmin Sy B0 847 T 45 SR 5 B — 48 /N 25 Bk e
A DT AT LK J5E 46 90 S) e 46 129 13 T 2R s i
S AR R 4 5 2R R R . TR D TR B AR
i AR SRR A 4 R Rl B AT A 2 — BE I A Y Y
BE 2 AR [ By sloAH I Y. R, 2 B Efb b B S
X SR R T[] X [R) 2 WS 3 ] — g L
MRS AE R — K [ SW] B 1 b A m A B
DS REE S G SRRV o S C R (=N 8 I 3 G o G =1
mtn BB | SW| R4 Support (1) =
m /| SW| ABBELE RN p% ALK H 1 A2 17
FE4i )5 BUH 1 SRR Support (1) = Gn X pYo)/
LGm+n) X p%—+( ‘ SW‘ —m—n) . HT m+n LR
B | SWLED | SW| —m—n #aT 0.8 LAC| SW| —m
—) X pU AR F T 0. I, Support (1) = (m X
PV /Ln+n) X p% + (| SW| —m—n) X p%]=
m /| SW| . BF LA AE 3% Bl HF 3 09 B0 b 0 A X F
4 7 A 2 U I H Y SRR WA 23 T A A
KXHAE. LG LKA SCHR30 ], i &L
Tmin S 5057 X0F B0 S8 A7 58 5K 09 15 4 A0 3. e A i
T 4 R AL 80 AN ARAE S B, I it
g SN Ji e A R AT B 4R AL PR R R AR s — 7
AT B 15 1 M RE A2 B R 2 808G 15 . X T[] —

ANBEE R UL B B AR B 1R S R 5 1 A
e ORI NN (T @ R e S E e - N S S
TR AV ENRFIES B S THRAE L W2 I AOCR.
DR b 7 25 3ok e A ke 9ol /D SRR W TR S — i T
B3 B AR 2 U R S5 TR IIAR SO 1R
AR LA Ak fa BAH I AFFE B RO RS T
X SO B R A A A AL A 8 Ak B A L IR Ot
ANt AT E TR T AFRATT 8 A K DG HE 4y B DA
80 ANFFAEZ: B b 3 B 10 AN AH XT 4 37 119 O B RRAIE
SEIR S YL L LA B S T B TT AR S8 AR IR S
5 A R AE N8 3 TR

* 3 XESHHLEHR
Feature 1D
1026
1030
1031
1049
1053
1054
1058
1076
13395
13396

—

S © N> G w N~ D

—

ID %75 JF %5 » Feature 1D 378 FRAE 2 % i 7 1)
T BT X EE B B 18 2 50 S AR i 2 E
HEAT B EA AL Ry T TR TR B A 2
SR 5 Ry 26 v o TR 0k 45 9 B R 3 15 4 T B ) 70 0 G
00 2 B O SR T T R R R R 4y AT LU
WL B T 4R B o3 A DL, AT S R A
SR PR 7E 2 R A3 A I LR A SO A
SRR AT R R G AR5 A R R e
AT 73 Ry 224> K BE S 55 18 AN R 28 DX T) s DT A
) 10 M SE B R ES
4.2 ERMHEEEXEZESHW

HY T 5 30 15 A 52 BR L Tk i ] B S i TR AT
S FRATTHE TR T I 5 A A AU RS R AR A S B
A A A A R AE 4 UT & 3185 Eclipse B
SEIHY  RAFETE S 2 JAVAL 4 %% 2% % ] JDK 1. 8.
FIRTE— B MRS & LigdT . BB E 40 F < Intel (RO
Xeon(R) CPU E5-2620,2. 40 GHz CPU,64 GB RAM,
Windows Server 2008 HPC Edition 64-bit OS.

A GHTACHT R E L MRP-TB 78 K S21)
T EEHE (R K Real Data) f1 UCI 28 FF £ 4 5 (1 iz
716 . oA, 2 JF B s 48 4 45 : Breast Cancer
Wisconsin( f&j # BCW) , Contraceptive Method Choice
(fAi #k CMC) I Mushroom. 3 2 %} o $ # 45 BCW
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I CMC WB 1T 45 5 - vT LA H 2 B A [R) B, BT 42 55
P7E BCW By ] IR 45 /8 T 48 CMC | 8 15 fia] IF
8. X2 BCW [ s ic s 80h T CMC [ 8
ISR EL XS H B Mushroom #1312 52 54l (Real
Data) (i 745 8. o] LB H /R4 Mushroom f9id
SRARBOI /N T TS BCHE 1 0 SR B (A T ER BRI
Mushroom I [ B[] 45 H) K F 46 B 52508 b 0 B
[E] FF4H. X A& P o Mushroom A %5 e (1) 4E 2. AUt
PNFE A4 T, JIr Bk ) e TR T S R AR Il R Ak
BOREE 4 A G HF HAl A B 2 Y
AT R Y B ) e 22
x4 MRP-TBEEESIHIEELNETER

/N A i i) e

L S S o,
BCW 699 9 12 10 6. 406
CMC 1473 9 43 15 7.406
Mushroom 8124 22 54 73 9. 938
Real data 132480 10 7 58 10. 129

AR AR S A 3 KR A
X Apriori-Inverse Bk % B L T2 4 5¢ 4

i A 155 3 s CORT B3k % 58 1 FH T 42 40 4 A 5 3k 30
£ s MIP-DS B3, ] T2 48 B /D A i =L & 2 e
AN TS AN ES T F A g 0 R A B B
i B 3Ca) ~ () 4rJldiR T 5 AN s td 0 i 1
B E AN, Hd, LRRKER i B8
K. N 2 7] DL A SO 4 50 ik 32 0 1 4 A A =X
BB /0 F Apriori-Inverse 83 fil CORI % .
I T DA E Fe /N A B SIS R R R e T
/A B IZ B k. Joh . 455 ' 2 fE 3 )
DAFNIE 76 A A2 0 B0 A B 40 A b I 0503
MIZR 2, R 5 B/ A B 92 38 5 i MIP-DS A
. R, w] DA E A SCRT 8 MRP-TB 5.9 A7 8%
SRR R

O Apriori-Inverse DCORT
8 MIP-DS OMRP-TB

lAllzn mlen BHEn HHHH HHHH
1 11 111 v A%

puzsar u|

2 Fi A R 2 A

n] oml,gl,ol,0l,;

=L,0L,5L,0L,0L oL,

@25
ﬁZO
= 15 0
.L10 6
T 5 4
= lan I 2 Al
Apriori- CORI ~ MIP-DS MRP-TB Apriori- CORI ~ MIP-DS MRP-TB
Inverse Inverse
(a) I (b) II&E M
i %2 =L,oL,aL,8L,0L; uL,oL,aL, B 87;
w14 &6
=12 =5
10 )
T 4 4 &2
® 2 2 ®1
] i
0 Apriori-  CORI MIP-DS MRP-TB 0 Apriori-  CORI MIP-DS MRP-TB 0 Apriori-  CORI MIP-DS MRP-TB
Inverse Inverse Inverse
(c) NIED () IVHE M (e) V&M

B3 A B o A

5 A H T MRP-TB B ILTE 5 FOR Rl L~
(R AT P2 AR EE . [ SW | Fe7m M sh &7 1 i Rk, step
TR E O £ K minimum sup port 3218
G SW R B /N SCRF R R /D SRS B E
& 1Yy —Fp o I 3 SR AR 96 3 (3D B (5) i 4+
R4 75 0 ke, Bp 8 X | SW . No.x window (x €
NP FRF o MW shtd O G sh i D 45 N 1 FF 8.
rare count FRLEWE I E O &8 /N A R

AL E. MMU (Maximum Memory Usage) 3% 78 7
T2l e 1 B Y d R N A T B T S B R
MB. T F/R1E# ) 1 H 5335 0 X 337 B ], 5
f22h ms. MRP K- 75 3 & 1 & 30 0 fe /D W A
153X, Support Count FK/R 721 3 & H 42 & 88 K
MRP F) 3 S50 FLAE AT AR 48 =X (D Y 3 2 SR 5K
Count T RS ZMET R P F 1~10 5T A
J& T 4 BRI L e R TR R AE S BRSO
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R S5 MRP-TBEZEESMARBRE THEHIIZEREER

| SW| = 1440 minimum support =144 step=10

No.764 window rare count =7 No.795 window rare count =7 No.817 window rare count =7 No.1680 window rare count =7 No.1882 window rare count =7 No.2026 window rare count =7
MMU=13.60MB T=22ms MMU=15.59MB T=24ms MMU=15.14MB T=24ms MMU=23.32MB T=22ms MMU=12.81MB T=26ms MMU=19.36 MB T=27ms

A A
(3) 71 (6) 2 6) 9 (6) 1 .4 1 (2.4) 71
6) 9 {1,4) 2 (8) 73 {1,5) 55 {2.4) 60 {3,4) 64
11,4} 129 {1,8) 2 11,4} 129 {2,5}) 55 {3,4} 53 (4,7} 126
(1.8) 73 (8.9} 139 {4,5) 98 (3.5} 55 (4.7} 109 {4.9) 98
(2.9} 98 (8.10) 90 {4,9) 91 (5.7} 55 (4.9} 78 {4,10) 90
{2,10} 93 {3.9,10} 110 {4,10} 80 {5.,9} 24 {4,10} 79 {5.6} 7
{8,9,10} 125 14,9,10} 80 {3,5.9.10} 129 {5,10} 25 {5.9,10} 134 15,9,10} 95

| SW| =2880 minimum support =288 step=

No.76 window rare count =8 No.1031 window rare count =8 No.1085 window rare count =8 No.1220 window rare count =8 No.1614 window rare count =8 No.1618 window rare count =8
MMU=33.21MB T=25ms MMU=18.14MB T=25ms MMU=16.82MB T=23ms MMU=8.60MB T=24ims MMU=18.10MB T=22ms MMU=7.04MB T=22ms

wRp SRR e SR e SRR e SR e S e S
(1.4) 129 (6) 3 1.3) 269 (6) 5 (5) 3 (2) 251
(1.6} 9 (1,4} 161 (1.9) 162 (1.4} 118 (1.4} 140 (3} 149
{1.8) 73 (2,5} 75 (1,10} 172 {2.9.10) 213 (1,9} 254 (5} 182
{1.10) 286 {3.9.10) 285 (3.9} 175 {3.5.10) 257 (1.10) 242 (1.4 140
(4,6} 7 {4.5.9) 257 (3.10) 191 {3.9.10) 173 (4.8) 123 (4.8) 123
(5.6} 9 {4.5.10) 260  {2.9.10) 219  (4.8.9) 184 (8.9} 246 {1.9.10) 193
(4.9.10) 263 {4.9.10) 264  {5.9.10) 284  {4.8,10) 145 (8.10) 237 {4.9.10) 224
{6.8.10) 286 (1.5.9.10) 172 (6.8.9,10) 189  {4,9.10) 213 (4.9.10) 224 {(8.9,10) 195

| SW| = 1440 minimum sup port =288 step=300

No.155 window rare count =8 No.185 window rare count =8 No.213 window rare count =8 No.263 window rare count =8 No.265 window rare count =8 No.289 window rare count =8
MMU=38.84 MB T=24ms MMU=56.32MB T=23ms MMU=63.40MB T=2Ims MMU=9.40MB T=24ms MMU=42.71MB T=22ms MMU=17.41MB T=22ms

we S e S e SR e S e

{4} 244 {2,5,6} 211 {1,9} 234 {5} 180 {1} 246 {8} 47
{5,9} 186 {2,6,9}) 206 {1,10} 203 {1,8} 154 {3} 143 {1,6,9} 243
{5,10} 174 {2,6,10} 210 {3,8) 270 {3,8) 78 {5,6}) 2 {1,6,10} 238
{1,9,10} 286 {2,9,10} 234 {3,9} 183 {1,9,10} 216 {2,8,9}) 271 {1,9,10} 176
{6,8,9} 248 {6,9,10}) 239 {3,10} 154 {2,8,9} 271 (2 8. 10} 261 {3,6,9) 256
{6,8,10} 240 {5,6,8,9} 217 {8,9) 215 {2,8,10} 261 {2 0} 162 {3,6,10} 257
{6,9,10} 260 {5,6,8,10} 218 18,10} 183 {3,9,10} 188 {5 10} 190 {3,9,10} 284
{8,9,10} 202 {5,8,9,10} 267 {2,9,10} 184 {8,9,10} 202 (6 9, l()) 183 {2,6,9,10} 258

| SW| =2880 minimum support =576 step="960

No.50 window rare count =7 No.75 window rare count=7 No.107 window rare count =7 No.118 window rare count =7 No.121 window rare count=7 No.132 window rare count =7
MMU=97.95MB T=28ms MMU=15.92MB T=26ms MMU=76.56 MB T=25ms MMU=28.79MB T=24ims MMU=79.62MB T=28ms MMU=37.23MB T=25ms

we S e S we el e e e S e e

{4} 229 {3} 568 {5} 14 {1} 111 {4} 44 {3,9} 532
{5,9} 383 16} 184 {6} 490 {5} 484 {2,8} 349 {3,10} 526
{5,10} 378 {1,9} 450 {1,9} 441 {4,6} 479 {3,8} 252 {1,5,9} 520
{6,8,9} 357 {1,10} 456 {1,10} 403 {4,9} 533 {8,9} 454 {1,5,10} 485
{6,8,10} 324 {2,9} 512 {3,9} 373 {4,10} 493 {8,10} 427 {1,9,10} 346
{6,9,10} 274 {2,10} 536 {3,10} 344 {8,10} 552 {2,5,9,10} 552 {2,9,10} 407
{8,9,10} 360 {8,9,10} 372 {2,9,10} 327 {6,8,9} 319 {3,5,9,10} 525 {5,9,10} 396

| SW| =4320 minimum support =1296 step=1440

No.16 window rare count =7 No.23 window  rare count =7 No.42 window rare count =7 No.77 window rare count =7 No.83 window  rare count=7 No.84 window rare count =7
MMU=45.22MB T=27ms MMU=158.05MB T=29ms MMU=223.66 MB T=32ms MMU=89.90MB T=26ms MMU=198.37MB T=25ms MMU=213.16 MB T=25ms

v SR e SR e SR e SR e S S
{1,9} 15 {4} 594 {4} 85 {1} 1240 {1} 500 {1} 486
{2,9} 15 {5} 1 {5} 749 {3} 1075 {2} 977 {4} 1184
{3,9} 15 {9,10} 718 {1,9.,10} 1103 {5} 692 {3} 508 {5} 637
{5,9} 15 {1,6,9} 831 {6,8,9} 1022 {2,9} 812 {4} 146 {8} 1027
{7,9}) 16 {1,6,10} 793 {6,8,10} 1028 {2,10} 840 {5} 880 (6,9} 959
{8,9} 16 {6,8,9} 636 {6,9,10} 871 (6,9} 1111 {6} 856 {6,10} 913

{9,10} 8 {6,8,10} 607 {8,9,10} 863 {6,10} 942 {9,10} 1023 {9,10} 1185
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ANIERL LA 5 RIS 764 % AR TE 1Y SR/ TR A AR th /N A B 20 MRP, B A4S 50 06 7 1 32 45 000

X A2.100 A H), T sh B RS AL JE M, R
2 2Ot 17 ) TR 0 R B SRR IR - PR
BTN & BE AR 5 1030 R i T 3R A
AR 13396 Fom i T FR A B T fe/ N A A
3 {1030,13396 ) , [ L% ik % P A9 3 4 A4 02 32
AR AT RE 2 R A S T B AT B A

AR S 5 AW Sh BT 10 AT A K B S ke 52
B A2k L TO A 3 Y0 KA . W BN E B R R Ak B
0B O 1) — AN T SR R A X R
S L, S s KA R W sh B O RSE R,
BR34BT 45 A B A, AR R BTG, DL TR K
WA — F RS IR B e 0 RF. i
AN AT AT T LAAS 8 TN S 80K 2 BURRE 1 5 —
JEIFRAE th 8 1440 2245, T AR IR 5236 18 2 8 11 1Y)
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Background

The research topic of this paper mainly solves the problem
of pattern mining in the field of data mining. Pattern mining
is an important technology in satellite intelligent service
system, mainly including frequent pattern mining and rare
pattern mining. So far, most of the researches on pattern
mining in the world are about frequent pattern mining.
However, there are relatively few researches on rare pattern
mining. Therefore, the development history and algorithm
maturity of rare pattern mining are far less than that of
frequent pattern mining.

The traditional rare pattern mining mainly aims at static
data objects. In order to discover all the rare patterns, the
strategy of generating all candidates is usually adopted, but
which may be leading to combinatorial explosion and the
speed of algorithm is slower. With the development of big
data and cloud platform technologies, traditional storage
devices have not been able to keep up with the speed of data
transmission. Therefore, if static data is still used as research
object, the storage device may easily lose data when storing
data. In order to overcome these challenges, we propose a
method to mine minimal rare pattern from satellite data
streams. This method can perform segmented mining on

dynamic data streams, so that we can obtain real-time results

BN, R, J . TR B2 48 Y s O T Sy
. R iR R 4 2 4, 2018, hieps://doi. org/10.
13700/j. bh. 1001-5965. 2018. 0334)
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feedback without causing data loss. We replace rare pattern
with the minimal rare pattern that can characterize all rare
patterns, so that the proposed method does not need to
generate all candidates, and does not also need to mine all
rare patterns, so that combinatorial explosion can be avoided
and the operation efficiency of the algorithm can be improved.
In the structure of the algorithm, the proposed algorithm in
this paper uses bidirectional traversal technology which
combines top-down and bottom-up method to search for
candidates, which further speeds up the algorithm. We have
successfully used the above method to mine the minimal rare
patterns from satellite data streams. However, the specified
value of the size of the sliding window and the step size may
not be optimal solutions, and it needs further study. In this
research, the hidden information of satellite data streams can
be mined from a small part of the data that has been ignored,
so the health of satellites can be detected in real time and the
life span of satellites can also be increased.

This research is supported by the National Natural
Science Foundation of China under Grant No. U1433116, and
the Fundamental Research Funds for the Central Universities

under Grant No. NP2017208.





