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Prediction on thrust calibration slope based on
FIG-SVR for attitude control rocket engine
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Abstract: In order to predict the trend of thrust calibration slope for attitude control engine space
simulation test, a method of time series prediction based on fuzzy information granulation (FIG) and
support vector regression (SVR) is proposed in this paper. With the method of FIG, the thrust
calibration slope is mapped as fuzzy information granulations (including minimum value Low,
medium value R and maximum value Up) to reduce the dimension of the samples. The extracted
parameters mentioned above are applied to SVR for proceeding regressive modeling. The prediction
result shows that this method based gn FfG-S{}R can effectively predict the trend of the tl;rust
calibration slope.

Keywords: attitude control rocket engine test; thrust calibration slope; FIG-SVR; prediction

WHEEH: 2015-01-12; fEEHH#A: 2015-02-05
EERMT: XX (1987—), o, WL, RSSO K E & sl IeimisE AR



1104 , kOBF O 201546 A
0 3= SES, HEEMSBREZESTURTE R
= IR RE Mo H R A AR R SE i A B
HELEERESESHEBRB T, BHEEN  stef s, IS ERERRnE
EPYMERMRBSHZ —, RSHNBESWE o, gRAE 2SR, MRAH 0 ST

KE—BRERET 0.5%2, KT MEHEEY
HE, FERRAERG AR RS HT
ZEBRERHE, USmEMERER, #IR
WX SR RERNRIE, RATERSI
ok iy, ENHEANBEEEN TEYEER
WESHNRENRIRAERY, EHiL, #EH
HEHRERRH LGS, M THRESNERS
REUEGRRE TEZRGEXNENNERSEN
FMAREER L,

T BRI R IR S B R HE IR R 4L
PR RIS R R R R IE . TN ER
BREMER, AEHOR. . TZ2EK.
REPE, BH&EHABRMGZEFEBRRYIEL
%, RENERAENEZmERAITEL, B
i, ST UER AT B RGO R A

SZFFmBEEEHL (SVR) 2 H Vapnik % AR
B B — R ST AE ST T ) BRI FNEE H XURE B /ML
R Feml E RIS E DT BRI T Mercer
. Wb EFSTEA, BAEFTRHEAR/N, 4
MR, AR ESMILR, ) EMNAT
BEFGN AT, B2, HFEERMBE RN, SVR
BIERZALRE I ARG BE R KR T . BORIE B
L AL 7 i (Theory of Fuzzy Information Granula—
tion, FIG) E N TEEMIZHBITIAGEER LIS
b, B—MAmEEESENEIEZELE,
BE BN A LB SRR 5 PR, BT LB
KK, ARSI R R R S
Hithz b, ¥EK FIG F SVR M5 K B HE
RERE P, I REXTHE AR R A A
EEHATII

1 EF FIG-SVR [0 V375 im| a2 4
1.1 RS SR B AR

BRI BB R 2 R R B Zadeh HFFHE
L0, AR R I T R R B 1S Bk,
SN TR B . AR R B A R

BILD TR, R4 0 RRE i 4 B8 5 51 3
B— AT EEE, BNTEEREN -
Vel O BRI EA5 0 8 O AT RO A
B, BRI, RHEERILAE OB
[FEEHE RS X #TE a4, EBNMEOFE
bES—EHEEEME, HARS 2R
BARIX R E TR RERIMTT, RN A& i
REE SRR, BASRER: W TAENEEF
X UK G, TR EES—ERRF p,
575

p=x is G )]

HAFRHE — RS p=A ()3, A () FiR R
B BTENISE ¢ MRBRE. ¥ HANERR
FAZABERET . & RERLF Fi A2
RIEHIR T, ARIEH S RERREIENREE, &
CEFA=APEMRT, HRE R @)n=X(2)
BN

0 x<a
x=a as=xsEm
A=t * (2)
l?—;:; m<x§b
0 x>b
K v HEAMBEFS; o, m M b HSH,
St FEANERR TS, o fRKEENRBE

TR R /ME, m IR B R AR AR ER AR AL
BRI, b R )R LR A6 B AR AL A A
PN
12 ZFr@ERERNEHEER

SCfF Il T B A B2 T S it VO 4k
BIS M K R/NREEE (SRM) WA g ¥
Bk, HERRBETIARRE, HEEARRE
23 (8] B AR S Pk 1) RS DAy o R AIE 25 (B8] B R AL
Bl [T TP =R B S Ll

2. > k
gﬁﬁﬁﬁﬁji{xi’yi}nﬂ » %, ER , y, €R,



418 F 3

WE3CR, % ZTF FIG-SVR KB & ShLHE R HER R TR 105

SVR 1813 5| A BRI 5 pR B £ Sk Bk [ 13 [a)
B, FULZER AR £-SVR, B2 IR
MR R BN

y=flx )=(op(x ))+b  ¢:R —CweC ()
Kb AREE. FERAMATT RN, X
FrRBURAE

min.]:;—| o | |2+c§, (£ +£) @
15
yi—(wp(x) ) -b<e+,
(wp (%) ) +b-y, Set, (s)
£.£ =0,(i=1.2,..k )

K ¢ HESHET, HFEHLRRBME S
KB 947 0, € Bk X SO B L& B RS
ERE HMWET, BTSN S0,
e FITFH I8 iR 2 MR IS AL R 1,
ik, SHEmERR, EREhmE, A
i, OEFE @) R (5) REIXHER, 85

Wlaa )= 2 oo ) o)
(MM@@H+§@VQM%%) 6)
HARELER
w:; (ai_a )x
O<a.,o <C ©)
; (ai_a: ):O
W R4S H AT R A

S )= (-0, ) (@(%)0(x ))4b ()

i=1

R REE &) XPHAHREHE, B3
AOFELME SCfr i 2 RS s ROy

k

f&)=2 (oo JK (%% )+ ©)

i=1

B K (x5 )=(o (5 )p(x ) o MTHER
FELRMEIT E] P31 {2, 25,00, |, FIFHEHD x, 8957 52

BT «,,, , WIRTESZBRSS f:R™ R, W
x +1 =f(xt g 30005% (1) ) (10)
SVR ARG H AN A 1 BT,

B1 HEEEEAEHNEERSHE

Fig. 1 Structure of prediction model based on

support vector regression
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Fig. 2 Raw values of thrust calibration slope
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Tab. 1 Prediction result interval of thrust calibration slope
WHAEA XSm49 XSm50 XSmS1 XSm52
SERRR R 76.107 2 76.047 2 76.121 6 76.133 3
SERRAR K IE [Low R Up] = [76.0401 76.1144 76.1270]
Fm AR {67 R [Low* R* Up*1=[76.0450 76.1060 76.1416]
Low HAXTIRZE/% 0.006 44
R HHRIRZ/% 0.011 03
Up MIXT iR 2/% 0.019 18
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