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DYNAMIC TEXTURE ANALYSIS FOR JET FLAME
ABSTRACT

As the key technology of scramijet, the Jet Flame model has great research value. However, as
one of the most complex turbulence, the characteristic of high nonlinearity leads to the difficult
description of traditional modeling method, and the existing jet flame model is embarrassed by the
analysis method, it is difficult to solve this problem. In this paper, data mining is based on historical
database, using PCA technique to analyze the linear correlation of flame data, the Flame State
identification and feature selection were carried out by using SVM, BP neural network and
stochastic forest. The specific work is as follows:

1. Based on the existing Jet flame model, the linear relationship between the components of
the Jet flame is analyzed by PCA, and the dominant component of the Jet flame model is obtained,
which is consistent with the theoretical deduction and experimental consensus in the field of
computational fluid dynamics. The standardization of the feature makes the data every a
dimensions have 0 mean and unit variance, which facilitates the next machine learning.

2. Flame state identification (carbon monoxide flame with different jet velocities and methane
flame with different jet velocities, total four), using SVM to identify four kinds of flame states,
using Dropout neural network and default test set trained by complete training set to verify the
sensitivity of classification results to each characteristic, the random forest simultaneously
completes the feature importance sorting and state recognition and verifies with each other the
sensitive characteristics obtained by Dropout Neural network.

3. Both the training set and test set only preserving the sensitive features obtained by Dropout
neural networks or the important characteristics of random forests, then classifies by BP neutral
network and compares the classification results with the complete data. The experimental results
show that the accuracy of classification doesn’t decline obviously, which proves the importance of

extracting feature, and it is expected to reduce the burden of Jet flame experiment greatly.

Key words: Jet Flame, data mining, feature extraction, pattern recognition
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BL RIS B ST B 4, R AT AN 1 BRAIE % 1 ke i R L) i S A 358 T LRI TR IR A
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KAEHHE . P OGBS IR EIET PCA :4E, 8. X TR JIEEEET = — %
B ES o5 £ A T CO JMGEIET =, TDNR (55 S 0K P KOG EE 240
EAFMEENA IR BIEEN S, WAE—IEE 5T SO, SRR
JEREAG, AR TP .

1=}
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F=EF HTF KNN 5 SVM B A ERZES RS

K-f 128 (K-nearest Neighbor, KNN) 532 FERI&EAHL (Support Vector Machine, SVM)
PP Z L) 73 2R28, FREA IR, S RIE IR Al T AU T IR AR R A S
BN RNBOE AT, PP R SRR 380 F T IX AN 1l @, DRI 1 e 2 IR P R o e 4 o

3.1 KNN 4148

KNN 2 Z a2 40 i w R i BiE 2 —, B Kio4h, st s iiar K ME8kE, e
FEMREA H H BT K MR R g . KNN BUERRZ O BRI R . R — AN REASAE SR E
AN R ERARAR REA AT K MR ZEUE TR —200, MR WE T1X N800, JF
B AR AFEA P

- (I
N
. ass
N
\

\,

——————— \

\

N \

S \
\ \

1 / \
1] ’ \ v
] 1 2 .
I ! \ !
1 1 | '
X | | 1 !
1 1 ! !
1 \ 1 ] [
\ \ 1] 1
| * . / /
\,

\ N S ’
’

— / /
k=3 /@
~ prag ’

—— ,
’

B 10 KNN &k R
KNN LR B E R . T Bbss (RRREXS) M5, WERE 3 MR 4h,
W) PE B R 1) 3 A s B M N — 4%, 1Z S U BB — 2, SR 7 AN AR AT,
ZRBIE I 7 A BRI =4k, Z A KB, BAREIEHES T

# 5 KNN ZiE7ifE

LR EM—HIRSE K

2BAEEHA, KEMRIEHAZIFIEMANES, FRHEM K MERRNS.
38 KNRIERR A 5 BRI GE R A

4FFFERIEA, EE 2-3

SHEIEHRER, AR KEEERIE, RIEHRRANKE.

KNN B =ATFER A D FRgmfEe, 5seml, HEalgdi. 2 IF -1
240 (hyper parameter) , &5 EIHMLME. 3) EHTEZHIME (multi-model, Sk %
PR o (HEAPIAER A 1D FEARBEA PRI KL R, Wim TR Ao
REMABERZMN K. 2 HHEER, TERBHEABTAFEANER, FIEERE

1170 £33
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) SHANGHA k0 TONG UNIVERSITY SERAMERH SRS
O(n2). [ LM th 3= 07«

EAE KGR B b, T HR Nk, SRMARE % (B 7500 , B
AHOERED> (A 3000 4N o HEEEARGHBANE (A 176 48) S FUILERIS X p Mk s
AR, FTLMEFXA 53 285 2K

3.2SVM ' 44

3.2.1 £ty

XT3 R AR PEA T 43 W, SVM & —Fs 3280775 . SYM 2T
SER A /MU R BRRT VC 4B, B TH B 2E 2], EA MU /AR, JELRME. Mg
SFin) R, WIH T EAEESE R R, 1995 4F i Corinna Cortes Al Vapnik 55 & /e fg .

SVM [P% 0 JEAE SR AE A AR AIE 2% [ SORE AR AAE B S 17 s 14D s 4 2 ) ) i — (1) o 68 ~F T
ASTA5 AN [F) S PR S A A 1) I~ TR PR P 320 S A A e 380 1) A~ T PR3P 9 e K o P S
) B, SRR AR AAE 25 (8] N A SRR IR A 55, A3 P9 ELAH AT 1R T TS A5 SR ) B 4
SR AE X T A T T L, (1] o 0~ T 0] 45 22 P AT e s A1 T v ol 443 ST T ) B2 2 e K

[18]

¢

o AR
TEEE
Q =mas

B 11 SVM B E#
AT BAIX— B BE P A RIES5,  SIN LT TR RN & o 63 v 24 2 18] Y 18~ T

fX)=w'X +B @y
B p B H LR 1 PR B8 AT LS AR
d =y x 52 () W AFRIES ) @)
WERLSywTx +b) =1,
PRGNS SN R P
max (ﬁ),s. t,yiwlx;+b)=1,i=1.... n (3)

HAC I — DA LI



SR KM ZS SR A

: f i
0 0 00
O ' o

B 12 BERRE

3.2.2 RN A

SRTAE R ZEUHIL A FIFEARFIEAL MR 4, WK A, FEALEE— N1 m) L 5E 6
SPTFTRREAR . FEIXFEILT, FRATSI NS B, 308 3t A il S 0 2 4 2 ) S PR 2 4k T
Sy e B) o ARk, SEAEMRMESS AEAT AL, P SR ey s B e A 1),
A T 4 25 ) P D 36 o 1 B T T SR S PR M 4025, 161 AB 2 A5 H4e 1 Lt S -

A A AR (g, X, o

OV A R (LA R R — RS BRI — IR R B T AR IR A

A X X2+ a, Xx3+az3Xx;+a,Xx, +asXx; Xx,+ag=0 (4)
AR IAT L
7y = X1,2p = Xp,23 = X{, 24 = X3,25 = X1 X Xp ®)
NS |
Ya;Xz;+z,=0 (6)

T3 IE A& — A L4 23 6] (R P TR 7 R o 3 m)iiiadd, FRATTHE 42 (| Py — AN R 2R (1) (] B
it T 2 £ Ry T 24 25 1) Py — TR SR T T, X st m DARY FHZRPE 23 28 iR A ORI, o 4%k
T RS 31 L S (B N, R I SR ) B A 24445 31 [ B R T 10 o

ER X WAFTE — /N1, 2 SR v 4, WS 2 JE 50 v T 24 R 5 ok = 4R,
Wi 2 JE B L WA 2 S R R R 4 B B KT AR HON K B B TCEIE H . X I RAT]
FINAZEREI Ao % BREE SRR LR SRR (IR EAFD -

k(x;, %) = (@(x), 9(x;)) = ()T (x) (7)

RPN AR B AE AR AIE 25 1) PR LS 45 T B AT IR SR R AR 4 2 B h & I i A% sR B0 B 45 2R, X
FERI R DAPE ARG 25 (8] P 11 B80T AN 00 55 H v SRR AIE 22 (] P () PN RS SR S AN s SCmT R A B
5 XL T — MR ZR “EAERARAARE 07 BIRHEZS 8], IR LS S AR A% ek B

w5 ILIAZ B R A

x 6 FABRREFIR

B FiER S
ZIMAAZ x(x,y) = (X, y)+c)* ZIMAAKE d
= ”xl X ” & o

=T k(xl xj) =exp| — g7 S #t%™w o
R R K(xo %) = exp <_ “"12;2"1 ”) R AT B Ao
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R o6
Sigmoid 1% k(x;,x;) = tanh(Bx]x; + 6) B>0,06>0

3.2.3 AR E A4

(B2, TEESCEERY, WA IRAAAEME f n) Bl a 2 B R S . W N PR, — N ETFEA
TONAEAT S A ZRAE 0T 43 1) 1 80 SRR A 2 AN 0T 93 o A 3R A T il ~F T 7 56 6 Rl 0 B 140 7
T TR, DA e B R D B A T B ORI SA T, T N RS IR AN . IR SN

AR RIS, B SR VE 8 AN R 0 SR EE R TR A SR BT s 2 0 B IR Oy At
E—”g: ” [19]O

O Gl ]
ZiFEE
Q zEas
B 13 WA ER SVM
R IR B I A ek 20 R
yi(WTxl- + b) >1- 61' (8)

A2 SVM [PIHEAL R EAE Sy
min|lw;|| + C X, 6;,s.t, yi(wix; +b) =1 —-6;,i=1...... n 9)

s oA AR &, C R jj@?’ﬁl? ST T IR/ B R s (I E AU, C k),
AL EHE A, COBROR B HE s 20 R A 2 K

FEASCHE N R ARG I0AEF, 5INAE XIGIF WS o 28 XRHIE 2412 b — R FH 1R
G i — Rz AGRE T IRUE TV, AR B AR R DI H s TRV T4, BRX
T — AT ERIRUE AR G AL TSR, 43 BIRR AR RN 58 . 22 X0 75 ZL 2 A~ 2%
fF: —RRFERERENL, NZGEMNRER S Ai¥s: —RNGELGEEm, 2O0FES
HEIEER— . —PAEMWMRZXIRUET R —& KIrg XEHIE (k-fold cross-validation)
RRs £t SEBEALUI R A kK ANFEARBCEA R EEE T4, B k-1 T ENZR G H —
ANTFEENR, W EE KK, B K RNERI 2R P AN R & B R, RH R
iF (least-one-out cross-validation, LOOCV), EJ4F/kAL B —/MEEAII, ﬁﬁﬁﬁ%ﬁ—zﬁ’ﬁ)ll
2 MR VPR —FEAR S 5/ IREIE, BRI R A RN 4R 71, HA X IRIE
HFREAZ RN 5w, SV THEE R EN S (RTIFEREST, AR K 3538 Xk

#
=
=
b
&
=
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3.3 XL

3.3.1 KNN =25

SFFALERF M5, G SMRER AL 2 2 iR K, PRI AT Lk
T RZEFEAE 3004 400, 500, 600 1~ CYIZREEFLTT 1200, 1600, 2000, 2400 MEA) , 5
Z 0 RN SR A 2B RE AR 450, 350, 250, 150 AN CilliXAE3tit 1800, 1400, 1000. 600 4
FEAD , —3k 4 NS2aG LR SRR 5 MR AR B 0T KNIN B3R 1EAf 2 R 52

FEXTT KNN BEM S, 5 F SHALRESECO R AN K, ISR PR 7 K
B 1-20 I (BRI IERf % o 59 ANl AR AR R A — e s, — i — Rl 4 7 =X
BT AR . Bl AR 5 B BRI BN E b . Blr AR R 5 0 S R BOT Rt . A
B E A T = A L7 SR B IE R R R . 4 A SEIG IERR YT B

Y1k 230050 it B 450 RIKNNIR B 45 R
T T T T T

07 T T

RAERRR

/
063
062 —BEENE |
HHNE
—HHFANE

061 ! L | ! L L ! L :
o 2 4 B g 10 12 14 16 18 20
RIEAH

B 14 YIZEE 1200 MEAR KNN RFIEFHR

Y1k £ 40030 5% B350 FIKNNIR 5 45 R
T | T T T

071 T T

0621 \\/ — REE%NE |
. EMANE
e i : i ; i i i i EHHTFANE

10 12 14 16 18 20
RiE4BAH

B 15 YIZEE 1600 ML KNN RAIEFHER

#
&
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b
&
=
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Yl FEs00iM it FE250RIKNNIR B S5 R
e T T T T T T T T

069 — =

068 — —

067 — \ =

i 066
= v
065 =

y
e

084 / -
063 \ —EEENE
HHNE
—HNFANE
082 | | I I | I I I :
0 2 ] 3 8 10 12 14 16 18 20
RIEAE

B 16 YIIZkEE 2000 MEZ KNN HFIIEFHER

1145 S2600M i 2150 FIKNNIR B 45 R
T T T T T

iz T T T

14 068
3
S
& 087 -
086~
085
064~ — EEENE |
FHRE
—ENFANE

10 12 14 16 18 20
RIEABAH

B 17 YIRS 2400 MEAR KNN RFIEFHER

HAETT LA 1R, B KNIN B AR SO KA EAE R 70 BORAME, Berm IR 24N
W& T 70 %, —METE 60%3 70% 2 (MYl FIRIEE ISR 5 L IEARE I B2 IEA R,
JEHAE B G — R I CA TR I ZREE 5 L =i iA 80%, SR 1T PR IEAf %A SR 7E 64%
F) 71.2%2 8] ARG, Rl ARAS R J3 i =y 2R TR A R AR e KRR, R 25
PR = Rh i AR A L 7 AR IE R RS & T B, BB AN Ehf se o Tt
#i, WLLERIEDGKET, BEEBITASAEN 1 FHE] 20, HRAEME KL E T 8%3|
10%. R A N E eSS H, BN N O A RETCIR $Em ERf %, 4 ANSEIGT 12
IR i 2R A LE S AR AN 20 A AT B X, FEARELE T0% A Tt

gi b, ATRACN KNN BVEATE T ARSI JOEEEE R, SR8 s R B 24 &
F BT TSRS m B 2 . X AT RS F KNIN TR IOAR R w5 (1. 7T DAR BRI B
FEA TR AR A BRI (R 5, R ERAEAR AT T2 A 20 S, 33 it — SR AR IR o0 A
N A, NREE AR BT IR TR 528 0 T o A R RE SO B FE AR 43 A7 75 [ R R B 2
B SE AR R ] LA — AR A, HIRTRIE, A AR X TN %

3.3.2 SVM =256

Q) 1E T AT ar e

W BSOS, RIGEEE T Ethad 00 4R, PRTF I AR KA, X AL I-ANEH
AT REAETEAR S 2 (e e RIS R A T “HRIAIRR 7 AT 5050, Sk LA R A% 41 5 7 X6
FIEH IR . A T SN Se ot v BoeE S (B4R, EHL T Sigmod, BTN T C S REL

316 71 $£33 1L



) SrNGHAL )0 TONG UNIVERSITY SHR NS BB S
240 gamma &5 A R IR SRS, TEIX— Mg SRR S 2

EASZIGH, ¥E C=0.05:0.025:0.5,gamma=0.03:0.015:0.3,  FLiE 4T 7 — FI 415206,
BT E m 2 W R

FREARTSHRNSHNAKERT
03 T T T T T

157] RNEINEIRY.. SRUR - S—— NUT——— Y- - 2 s b ]

T T i Seovsnn s b e gl
2 : 50 : D o
f% : et i 0 e

g e i

R s PTG

01

B 18 AREITHEF SR 5 R IEFHE

ALEH, SMETE, IR, ZRESEEN, SR ERREERE. HuE 5N,
FRIEFR R, EIFETR 05, ZRBSEN 0.03, HmKIEMZN 97.67%. itk
ATDAMR 2 HT SRR AR, TR R U B HOR A, (HEEE AR, 5E4nT A
A7 P AEE DB 232K

b) TG4 51} Rl 7 5 58

AR 7 RERgsEm e, SRR, BRAMSE . X T SVM IS, 55
IEFR FBEZYGERDN ZREF, EBIHED. BINESSHESH . EARTLR T,
RVCR T AR FE AR S A B 2 1/2, 1/3, 1/4, 1/5, 1/6, 1/8, /10 #4T7T-L
Hms . —HE T B MR (S 20, =2 i, U 2, i
N 05, 1. 2 Ei%, BLJ Sigmod 7. #BRE Sk 0.03) o IR EE IR,
FERBEALEAS F N SRR, 19 3 1 SE 56 IE A R B IR CF3, BRI

£ 7 RRABHT SYM 43R IERHER

Wk &E ZHEW =HEW MHZH SHk— SH%Z  S#H%=  Sigmod

=129 EXA BN EX %

1/2 99.10 95.83 95.33 74.47 52.73 38.63 99.90
1/3 99.60 96.53 95.53 76.17 54.9 38.87 99.93
1/4 99.77 96.83 95.37 77.37 56.67 39.77 99.90
1/5 99.77 96.90 95.27 77.47 56.70 39.37 99.97
1/6 99.77 97.37 95.33 78.07 56.73 39.87 99.97
1/8 99.80 97.40 95.47 77.90 56.63 39.43 99.97
1/10 99.83 97.53 95.20 77.70 56.67 39.57 99.97

#
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M ZRT AT H AN TRIINC AR K/ INRIAN [ % BR B00S ORAS 73 FEIEB (R52i» 15 5
ST ITA R E INZRER A BRI AR o EB b, SR BT 5 2 R IE R 8, XAF AL
I REAE AR R, EE BN, ASFER RO o R K . = A e A e 5
I R R 22, e 7 R IEAA AR i ity SR X 0.5 1Y) 78.07%, XAV EE KNN 5% 1
TRUFEE RIE LT, AT LA s e B AN IS S A S KB 7 2K . Hkig = A 2 0,
JoHAE R 2, IR R BE IR G B KT AR P 3R T, SmiAE] 99.83%, Ak
B4 99.10%, A=HBAE 99%LA Lo Xt bk =i 2 IR AT DU B 22 0k, Kbt e Jse i I 2%
AR, BEES B EFR TR 2 D E A BT DS, KORER B 45 Tl RE S —MIREY
oA, DRARBY 14 22 3R S T T A SE e S i A 38— S e P B ) 70 FR 2 ) o B SRR
72 Sigmod &5 K. — &I, 1F SVM 43381, 1R/> 3 Sigmod %, SATIAEAS 5 sizg
Sigmod % [ 73 FRABCR BT, LB BEIIZRER & LLFE T A 99.90% 3% =1 1] 99.97%, J L%
100% I IEAR . T AN, Sigmod A% bR &N 24 1 foeid A A O 7 RN A% bR B

3.4 KRE /g

X BT R SIS 5 21 23 SR KNN R SVM X @RS BEAT 7096 %k
IR T PR TR, O p AL o 5] SRS rh BB 2 (KNN SR IE 4R % K, SVM
AL R EORRS) IIME I SUPE T B s Ui o X T KNIN B2:, ZEAS R A IR 4R o L
K dE R A BT T 5206, 193 AN RITH SRR R U SO 70 2R 5 RICRE I, 88 K &8N H0mT A
e IEARHEEREAR, B2 KNN SEAES TAK KEEdEE. T SVM ik,
ARG TR 8] B 2 SRR R A, A5 R O AN AR Y SR B R B AR A ]
B8 Lt AN [ R O 7 AR i, 15T Sigmod % B AT SVM BLIERT K AG
BRI BRI, A EM R EE 99.9% LA o AFTTHRH T4 3 KIAIRE 207
%, RONT B IKIERHEIE R SR T 2%
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SBOE &T BP MEMBEHRASIRA SHHEERE

BP #£:%% (back propagation neutral network, BP NN) /& H R NmAT 0288, H.
7 Dropout A2 X 265 T DU SR F A s AN B I B 2V, [RIE AR R BP 41148 X 268 5% K 0
IRASHEAT /02, 8 FHAY Dropout A8 28 ) 28 1F R E 6 ¢

4.1 MEMBZFEE

4.1.1 PRE M 28 JF B

P2 MZ% (neutral network, NN) (1943 0322 5% W.S.McCulloch FIEHZ 4R 225K
W.Pitts B/ 57 AU, BN MP A5, 1986 4, Rumelhart, Hinton, Williams $¢ i
T AR R M4E3% (back propagation, BP) #yE My T BP #h& MY, Bp #4 /M 4%
ST MR ZE T AR RE I 2 Z AT 2%, BRI 4 A\ -Fil R U B 3 5% 2, T o RE -
fon R LI TR AR . BP PR 2 SR BE B N IR, 303 I [l 3 SR A M 18 288 o) 245 v 8- A
PR TG A AN RP T RE R AU, 3 9 283 H -5 I SRS TR s 1% 22 7 7 e/ 1989
F Michael Nielsen iiE#], BP 128 X 45 & — > J3 e i@ ek 45, B P X 6] 9 AR AT SE S ek 4
HATLLHESE — RS RN BP AR TEIRIELT, X/ BP M4 M4 eIl AT AL
ST s . — AN BP MM B AERINE (input) . [2Z(hidden layer)#il
HitH 2 (output layer), &5 Fy i B Frx

B 19 BP #2045 JH 3
BP #iZ M4 (1ia SIS FRIR M B, 0 N IE AR R i IR I AR . IE AR R FE
IAEVT i 1 AT R Z (B BUE w9 RUIRME by, BT RS A A, TR
T g AR ARYE B2 m AT s AR LS RT A E B m AN S RUE N Y
RIS 25 IR AR AR B e B R ST . AT SR AN s g g R

S; = Xikst wijx + b, x; = £(S)) 1)
1E AL 3 ek Rl A 4% R H 8 3. 78 BP Mg rh, BRINEIME N 0.

S AR RE R A e R 28 B % Lo ABCBERRT R R 5 | N1 R AE D, MR ZZ RO

#
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E(w,b) = 2 x X123 (di—y)? @
SR i3 — 5 22 B 0N BT MO S 4
Sy =y X3 X T iy ©
8ij = (di—y) X f'(x), f' () R WE R E T (4)
a]::;(‘,vv:'jb) = x; X 6jj (5)

TEHBISHIG, BHRBEE R, WLUEBIME 22 | A BB A
Fy iR P AL A A 2L

Wij =Wl~]~—£ij><6ij><xl~, ,ﬁétljeu%%ﬁﬁﬁ (6)

IXRER AT DL 22 V% AR SR A 45 22 P 2% T SR E AT AR I FE 4Rk B 8

4.1.2 iR

P BP MR MM RER EESHOFRS EES. MR R AR T A
W eI s BRSO 2 SRR R B LT B BT FOE a3, — i =, &
& R EROR S 4y ORI, (HAEA e Serh, Bas R EEOME 2 KRR R M. £ R —
Trseibrh, YEHL T 1-10 JERA A 23R HLI 42K A 26 o 0 R 00— A 45 LA R Do i 52

R 8 HIBIERIGIR

R E B FR R EEAT I
S ek EX Sigmod
o(x) = 1T <ox)<1
W S FEEEL Tanh ~ 1 .
G(X)—1+e_x— (-1<o(x)<1)
RelLU B %X Max(x,0)
Leaky ReLU B& %X
S o) = {5 S Nk~ 10001

S k%L Sigmod S& 7 BRI A L A FHECAT V2 BB R AL, 4 AR RAT B N A
F 0~1 28], JNHZLR/MMEGEILT 0, TIRAKMIEHEIET 1, X80 2KmE T
DA R R AR ST 3 B BRI 3 (0 FD 1) 3T ELAT Bz A R0 B 2RI RE %, TI7E
22 I 245 A 22 0 B0 5 AR IR AS & — AN B ) 2R A, (Rt Sigmod 2 f L
1T R AR

WS T %L Tanh M5 Sigmod J54LL, AN RN ISR 14 N WL 20-1 F0 1, IXFE4
MIMERIN 0, XA FIT R — B IBEE T B SEI R Al A5 4

ReLU b& 30 I BAHE N A A EDRGEE AT 10 B0S s 2. M NE KT O I, fan il B 5
KRG, HENEDNT 0B, HHh 0, A TATABERE. EEIGIRER, ReLU &%
YRR, — 7T AT DM SR BN R, 55— TS [ A I 2R bR 501 R e Rz L AR 2
PEM¥ Sigmod A1 Tanh fij #. SRR SIRIE, KZHEME0—HXH, SHukiEkh 0, A2
FRBENLRIBAT

Leaky RelLU pR US43 43% 7 ReLU BB A, Jlsb T e A8, M ANE N T
0 B, s BRBRR N —ARIRB N RE, RE T — e fim AR, ART TP,

320 70 £33 10
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4.1.3 T

BT AN LR SRR T R B TR I 0 BV AR I 24 AL B A 4t
(BB R I OB BE 7 ) HT 3R, U0 R 1l — 8, 4R 2B s BEUs 19 7 1) 3 AR T AR X — i A,
LR B 4R E A, G T RS AR R B S T AN . i TR MR T S, W3 HARER
ORI R AL B REAR B 4 R AR

B 20 BEREET RREE R
BAEE R R BRI R

R 9 BETHEEREERE

LB BRBAIARES, SABE FROSK a.
2T BRI B A E ] (6)

3H KT E ST FHIERa x -/ (0)

ATEG—MEENTEERES/NT B TEES . MR/NT, FUTEHMBL .
WMRFNT, HEFES,

5IHHMMAIES = 0—ax—)(0), EESB2, 3, 4.

H2, W B AR R AN T L BR O S, BREE R BRVE AR A 5 AN R s /M R
T RN R RS A JL#, 5N Levenberg-Marquardt S0 TR LM 53%). LM Bk
RN T AL SR R BEZ R —M 7%, RS BT X U RS EA U, RN
BRHUANZE 5 W 1 S5 B A M A, 3 A LM B33 N T L 2 ST 4, LM B e
LU

* 10 LM &

LIEBEVHRE, BIEWMERP, %itTEe, FHERFUL
2318 Jacobi 45FE )k TN = JiiJk + i AIEIBRIEATTTEN, - 6k = i ko
KL EFH HTEBEI6,
(1) fRlx — f (ox + G < ek, LPrs1 = P + Okco B ISk |l < e BEHTEIR, LR
B Susr = u/y, BEIDR 2,
(2) MRlx = for + )l = &, D1 = Uy, EFBIEESEMRTERES, R
B 1,

BN AT IR, K LR A T I
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\YHERALE
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f~R
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. SR KM ZS SR A

SHANGHAI JIAO TONG UNIVERSITY

4.2 BT BP #HEZ MK A KRS IR 7]

AT )26 3 B SRR FH AT ISR e N 48 AT KAGIRAS 4328, TEAR TR ZRAE AR AR
b AN F B B R BORAS R A 7 5O 2 I 2 P BRI 2 o ZEARTTH, S e IR T A
A% H N 400, 800, 1200, 1600, 2000, 2400 K44, FREEEHGEER T 1-10 &, itk
7 I EL 3 T KA FE T 35 A0 Levenberg-Marquardt 5%, NREB 5 NIGEREAN S, &
—ITAREEZE, RN REHRE (%) .

R 11 ETHRETRRERRESRA

S
i

1 [
TE

2 [&
=

3 &
TE

4 [
TE

5 F&
T2

6 [
TE

7k
T2

8 [
TE

9 [&
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100. 0
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100.0
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99. 08
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99. 72
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MERFTUE H, KZHAEI T HE M2

5%

RORIEARGF (1, 7 RIER R AR BIE

90%,,+L 2 7F — SE SIS BRI IR 2 100%. M FRUL, =IoEEm, JIZREE G EkoR, 4328
HERf bk E . U 400 MREARVE NIRRT, SRARER 2 A 52.23%M1 74.4%; 1Y 2400 4
FEARVE RN INGEER, 2IEMRAEE 99%LL |, X—ARFSHLEs = IR R, MK
FEERREmNT S, WHERHEEEE, MRS ZEZE0E R R . (BEDBE0
T, AR ZEZEIm RS, X T REEIR A SO DA G AR R, RI
PRI T RAFE R ZE R . fEFTHIGERAMHEME L, LM BRSO 2 T 5
PR, REREAERCET ZIM A T S 100% 5 KHERA . BRIk, RTRLUACH LM BE NG &
T K IEEAR AR 53 2 i

4.3 ET Dropout #1432 4% RUSFIEIREE

M =B AERE DY E 5 ] UG, JOEEEE FRES 7 R BONRI L, it e 24
FRZJE, SVM A BP i 28 Hn] DASEBLEGL L 2 IE 2] 100% AR IER AR, T251H T
AR EREARR R 176 DNYEEET, WRSAERE ARG . AR, RSN IE A AR AR
v T 3K PSR P 248 P g P AR A DRV T A AR A e S R T Y 3 I ER PR 2, X e
FERIERE T KIEHPIRES
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4.3.2 Dropout Ji ¥ 444

I o 2 ) 4% A 34 HH B TEE F)  E OERAS R4 B, TR B AR AR IR R I SR ER I 4 A
A, R FH 56 £ 2 P BN ZR IR 5P 28 X 4 o FH K — 19 20 I 28 7 R4 e o i f X 4 e i
M, FAE 56 2% 4R P AR AE EAO, PR o MBI T B, DAor SR 1 T B
% /0 [ WX e AR Y FE A 53 (1 B B s B IX — PR P 48 70 R LR R e 1 1 R A
AR, A e 5 1 50 A5 4R FE IR AR [ S AR UE A e 0T b, DAAERA 26 IR S £ B 4 15
(1 B L

HR—KMS, fEE&dE LINGR SN, REen e & 4] 52K
B RIS, B ERNARES n 4EREARLRR, E1F m(m>n)ZE 1REAS LRI ZREE DI 25
AWML, ALK, X—MEMgE—E G r, X—d &M ARELINT n
YEREARI ) 732K

I IE SR ML ST R WA Coverfitting, BXFK over-trained i L) , A AET
Zr— LB IR, R TR ZTUAER. CHEBIEEEREBEBEARAZMEL T, 4N
R B Ar S 2%, SRR 58 6T R T A IR AN — it i o 34005 38 s LR 230 0 )
(AL 2, )8 sethk, SRR A RUE D o G 2 KRR ISR A iz AL e 71, TERTH
TIARAE BRI KRR . BRI, LA 2 IR AL VI SRR i N — % Hi Wi i
SEAS 3, BURT AT 2E IR (O a5 SR . SR, 22 IR N %A — 2 2 AL RE T, LA
T2, REeTA G A R N AR AE R SR, BT R BRI SRR AN —
figy th AT A ) T 56 3% S 5 HA X P LS, 2% SRR 0 2 20 R 2R A B PR IR B B
fE, HEA gt F2 R K B#H IR AREOR DI . iR RE N T A, MEZ L
(generation) #& /1 FF%, BEIRURRLME LT, HUNGENR LS BRI EIFE, NKE LR
W— e %=

IRl E

A 21 EHHNESEHE
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SR KM ZS SR A

seEllEiE

REEEIEEE

=>

B 22 Z4IGENGH5RE
SO EI S FINGE SHAEMRE, AT E— NS A 8. i EEpR, f#
FH IR A, IG5 1 20 S T S AT ) - 5 S R0 4RS00, (BAEAE SIS — AN 1) — 4
MRS EANBE M X4y« AR 1) 2 FLIET R ZAR B AR, BEREXT 4R VRN EE 11 7 80O,
NHARBANZAAE ST, S — e REE R (SR R e i ) 0 28 (B s i MR g, ]
DA B0 43 ST A0 A2 ) o IRIL, TR I — 1 (R A 40 W0 48 s e R A S5 o, 1 S B s
e — A REE I e S MR eIt FoL A 1) A (6 R 4%

B 23 #AHSFRTH

N2, A TSRS AR, BEARE AR Z B ARG — & 7% (nsg
YEGAUE . early stopping. U5 S EAEN (JEi%E: Bayesian information criterion) . 7Rih{E S
HHENEL model comparison) ,  LLFE Hi e[ i) < 58 2 I 2RI BA FECE I 1 —Mefb. 7EATT
HR H dropout SRy /N X R A RS2 .

Dropout /& Hi Nitish Srivastava, Geoffrey E Hinton T- 2014 4E42 H %, i st B ik 4 AE
I8 3L [FAE FH R AR A 2 X 2 R PERE, & — T B 0 B b A R T v o 4 22 I 8% (1) )11 5
TR T DA 2 4 20 e i 1 AL R AR e 22 0 i N R0 I A BT B 3 A9k /)~ D) 2 gyt R T 34 4
(125, hinton $2H, fEX—idFfEdr, RICARIRIBENLS — oA E B 0, FEREHLESE R,
WIRBENLE S — A E, M2 T HIR 2 mini-batch YIZRAN R I 45

4.3.2 Dropout J& 5

XFF dropout TR, FIEE BB, — 8IS A IR A . — WA
Hinton A A2 Hi o Hinton YCNTEIRFE2: I ZR AR, T ST FERT (Rl R A B 1 0 & 2
FHAETT A TR KR i O T AR OX AN IR, — T 5 2 K BRI 051, BIIZR 2 A5
REAA, 2B B, RIIZRHE AR5 S, FXTIX s S — e R R AE, W
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ﬁFﬁEﬂi‘*ﬂjEﬁﬁﬁEﬁﬁzit B ) TSR 1 2 SR TH] o (X — IR 7 V0 o) E T ANE I 2 — Y
IR IR 2 AR, KRS8 I T YN ZREs ], T ELAET-20 5 5 8 BRI 7L B 2 50
A MR AT EEAZE R RIIN T IIZRERE . Hilton $2H 7 dropout f# R TXANHAR,
TR EBZTZEERINLI, H2TF AW AR IR R ) — A T 98 11 I 28 SR B AL R
BOE—NE n MUERME ML, BANPEREFEILE ST RIME RN o2 —, WEX—MEm
LA T2 AN G 2 CHSRS R R IX A AR, BENLE Pt FEAS RS (L I8 R —
A, HIXANHA S 7 08 W& N 2Rt 782 B s St AL &, (HFRZEIIZ
ZHOE R A, AR RS E, SR T SR 1

PL_E R Hilton SeW)IAFFE, AN dropout J& B4l 2R i fel, {H52kR E, dropout
FEAE— P2 EIZRH — B EMBRE S, X ME— 1 —ERE MR R S WS L
SIRTE R . Hilton 28 7 —ANMEMEIIE 1 A EEN T N EEG WM, G AL
L, AR E AR A BEXUTT 8 4R — M. ot BRI A0 R T AR B SR AR B 5
FEDH, AR S WK K B R BE AR AL, ALFRR T 40 R BRI se B itk . (2 K E SRiE
BT HMEEHE, KEHEEEDKAAERE, FONERBA MR 0 T A E O
R, BF—HMENA SRR T TREAS) - AEEHEAMERE LS EEEIE T
K, BT DAFRE 2 R 2 A RE 1, (15 R BERD AL R DR (R BG40 I 1 AR il — R A1 /NS AT 1)
B IE M . Dropout tHAEIA BIZR R, R I E uREEEFT L, SRIaREHLEkIE 1)
P TUBEREIL R TAE, IXFE AT DARRRBE AN PP I 2 R B i i, IRz 1hfg

A T dropout FIFHZE M 47~ = E A E S HE S U R

& 24 F dropout #1Z M 4%t L
X T %A dropout [RAHZE N4 «

l+1 _ Wl+1yl + bl+1 (7)
l+1 f(Zl+1) (8)
H dropout [FJF£E 4 :
rf~Bernoulli(p) 9)
yt=rixy! (10)
l+1 _ Wl+15;l + bl+1 (11)
l+1 f(Zl+1) (12)

2 X RAIF AN T ﬂiﬁ?%ﬁnglﬂEW§dropoutEEEX 0.5 I RUR AT, RN RS 28 Bl -7 X 4%
ZilR% .
DA A — AN P BT T DA P
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Present with Always

probability p present

(a) At training time (b) At test time

B 25 B dropout & T}

F3— IR A A dropout W28 =5 R FE YIRS XTI SRR B AR 4k, S nT DA 2 —
ANBEAR, {H13E45 TG dropout ¥ B (1 /2% ik B —REIRCRPY. thin, IR —REA, Ik
B2, RERERZEREEBREN 0, 1, 2, 3, 5) , WAZFEA—ERE NI
P ZZ B R REAE N (1, 1, 2, 3, 5) HEH—A 1 24 dropout FIBUH. [H
(2,1, 2 3 5, (31,2, 3 5 &= (15, 1, 2, 3, 5 . XF, % — dropout
FEM TG TR AR XBEAEZGINT A . —=2&5 W52 U8 TR E R
10 €/ o ARl [ N R 5 0 O ol L1 = R == 110 WA % B i S N TV A
FRIE o AHE, SR IR & T AR A E AN IE SRR 73 AT I, & BRI I b 23 A1 (127 2] B 24 R
T I AR AN 7 8] B SR 8 A5 (RN FRRRAE, A5 2kt P S Talok e AR R .
JRBiE . FEARARLME 28T, W E LW, RUERIEE N ESER S, Aot ils
TN BAEAEE AN, N2 8 I s, SREG IR IER X 222 . FERER T
dropout 5L T, M TR T HZHRME, EREHEEERBLT, BEL SWEMG
AR, SRS g3

e, %€ X T dropconnect 2 i

Dropout:

h, =WI(# %) + b, (13)

DropConnect

h,=#-X)T%+ b, (14)

4.4 ET Dropout #2348 Y FFEIE 3 LI

W E ST, ASCHRFIEE B A R AL Gt B IR IR, T — e 50 7
BRF OB P RRAEE R, FRAEEREI H I, AMUAURSE R iR, BRI SRk
A S DR 2 DA B T A0 B 5 RO S IAE K SIZ 6 I 5 DRI, AR AR AE 4 P A AN 2 J
M s 2R E R EE RN, 176 DNEEEH, 1-11 MNMEE NS — AR S G 20,
18-1.5) , 12-22 DMERENEE /NS AL GBI 20, 148 6) MRIREHE. 28 1. 12, 23, 34,
45, 56, 67. 78. 89, 100, 111. 122. 133. 144, 155. 166 M) T4 —MlEE
LY, 5 2. 13, 24, 35. 46. 57. 68. 79. 90. 101. 112. 123. 134. 145. 156.
167 NMEEA R T2 AN EERE, HMNEEalamEs. RAORE0%. a5
RESBL KRS, —FURFE S A AR ES . AENE TRES . —
FACEUT RS2 TDNR DUHCEHE. b a] DORE 5258 73 A S, B & 3 B HE e A =
EEIEHT .

4.4.1 B6AF Dropout 3 &5t

T SEIRAIE dropout fA 2, KA A dropout FIANT A dropout FIFH 22 (X 25 Xif ik S AT —
I = 4 P MK AE AT RS 40 28, BRI 2 22 e 49 BN [F) I & B TR 26  ZE AT s,
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Wt snaoia o Tone usversITy SR AR LER A
A e IR IR dropout A28 /4%, IR A V0K MRS Y — AN 2 R 4 1
M2, i B LR B, AR EE 1. 12, 23, 34, 45. 56, 67. 78. 89,
100, 111. 122, 133. 144, 155, 166 NM4EfEHE 0, 15 FHA 2t > & LR IR 1 7
FIEMZR . MR R EEE, HER S — MR S EL, 28 2. 13, 24,
35. 46. 57. 68. 79. 90. 101. 112, 123. 134. 145. 156. 167 N4eEEMIZ, BREEIE
FEE A P (AR 1) A SR B 2 . SR T UIREERE RS 800 A, MIREEFE A% 2200 1>, #&
MK 2 BR&E, SFRAERA LM Bk, Sieg R an v k.

£ 13 SRENHREAET dropout FHERM L LB

RELE  HEEBLE —fSAR O KRESH &S J8 &S
TEHAEEY 45.29 39.05 33.3871 4893 3450  40.18
REHEE — MK “&Ei SERET REE TDNR
TEHaEY 42.30 51.66 25.00 4227 3512

£ 14 BB NRERER dropout PR ML IR

BREEE  HhMELE —8 LA KERENH &S a5 a5
EHERY 66.50 35.05 48.7727 7213 9455 7491
HRA%EE — S Lk — SR SEREF BE  TDNR
EHERY 72.32 92.86 76.36 61.82  97.05

ML AT LB B A T dropout RS X248 3o i 4 1 IR B2 . £EC dropout 14
BUR, A W 2 06} Bl B IRE AR 7 FR AR 22, i RUERR K Z /3 A7 30%%] 50%.2
], AR eI AR Ak, 11 AN P SR X A RSN R I B B, /R SR X e
BRI, UERRR YA, F 11 SRR AR 032K b SR R T
i, ERRRIXLENEER, 2R MEMZER YRR N, It nT A1, TG dropout FH£8 K 2%
ANEA FRIERFIEILESE . A#HH dropout [RIFHEE ML FF & AT TR, IERHR M AR
TDNR 1] 97.0455%, #i# TDNR FHEIEIRES 2R p =2 B HE B BRI —F A
Ji 574 35.0455%, Uit B — S8 AL BT B B IR 20 28 5 3 S AT

4.4.2 KN B A E B ST

AR S LA A% A I B AR AR 0 v A R I M, S e R 4R FE I 25
Z—A dropout 25T 0.5, B 22500 2. R 5RA LM SEVERIMAE ML, FIRKIRE
TR A AN I 2 T 40 P R0 %0 2 T R 4 P, AR IR R R B 2 /15 3
AR 8 A ) Y, PR B A b S S A W R A I R
MR HEAT IR, 752 5 B A 2 2 AN 2 X KBRS AR

% 15 Gk —WRBMN XGRS RHERE
RABE  HhEEN  —wAE  KREAR  EA &4 85

FHEY 66.50 35.05 487727 72.13 9455 7491
TREEE — &1L L 1254 SEREF BE TDNR
FHEY 72.32 92.86 76.36 61.82 97.05

HI ERATCVE Y, MR B S K B i E b B
k. AR AEMRE T MR, AL TDNR. 8 TREAZRME, HORE AT n R
MEREAE RN, 2RI &
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& 16 REHE 0 WEERRFIIEHE

RERI n 1 2 3 4 5 6
TEHEERY 95. 45 99. 86 99. 14 99. 18 99. 05 99. 59
{REBRT n 2 7 8 9 10 11
IE#RY 99. 77 100. 00 98. 36 97. 36 99. 50

B3R AT DS Y, AR EEAR B A AN 2 — A BT = BUORUK B & 4 B0 T LTS
S RIERRILF] 99%LL .
4.4.3 KIS B S

R 17 fRBEUE RN KERE R ERE

W& 575 1 2 3 4 5 6 7 8
SRIERA% 93.00 83.18 96.50 90.09 9545 94.86 92.73 87.82
mEsrFs 9 10 11 12 13 14 15 16

SRIEWA% 90.00 9573  89.77 96.73 9273 96.50 82.77  85.05

R 18 R n MUE AR, RGRAIIEHRR

& S AN 1 2 3 4 5
W& S 7S 15 2, 5 1, 2, 5 1, 2, 5, 12 1, 2, 5, 7, 12
RMERR 82.77  70.09 59.23 67.19 79.50

AIUE R - S5RZEOIMPER, WRALE-NNELM, WTUEH 15 SIE 2
SRR, PR RIER R N R 82.77%. (HZ AR L2 AN INE A, WHT n 21210
BERAEN2, 5 1, 12, 755 B, RORE ERn ANIE G SIS IR

# 19 REE n MIERASWRAIERHR

I A E 1 2 3 4 5
mEsrs 15 2, 5 1, 2, 5 1, 2, 5, 12 1, 2, 5, 7, 12
I RER R 79.68  90.09 99.23 97.19 99.50

h ERIER, REERE 1, 2, 5 5M&E A, KEIRSIRIEFHFRER] 99%LL L.
R R 15 S A, IEFIRCN 79.68%. HIAT UG B 4GRE8 1, 2, 5 SillE 5.

45 KB/

REF AN T BP A2 2 1 S B R T @RS IR, B T AR 2R 8
ISR AR L AFEBEE 2 EE AR TT U BP #2225 0 RBUR, FEH—/ M8
F Levenberg-Marquardt f2 46 532 1) 4 J2 B35 2 BP #1248 W 25 1] PA5E 36 58 UK IR S 73 AT 55 -
P B O bl TR R AN [R] 4 B AR AR R R R R AT R AR I AT S, AR T
dropout M, JELLE TH L dropout MIFHZEMLETE iR Gg MR 2R Rk . RIGT1E
dropout #1282 - L5 554 P 1 E B, 380 5 4% VI SR A s BOHE SE R LI R B4 X
S T P A 0T 25N DN AT B S AT T B . AR 3 1. 20 5 5= NIE A
N — S8 A RS 23 BRI K T & 20 B0 A I 2 A JORIRES T s 3 A
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FRE ETHINFHEIRSIRAAMFHEERE

M E SR, FRATTSR A Dropout [RIFRZE IR ZEAE TR/ RS ALLE R, (EAERENLARIK
o, X BT LRI SE R PRI AR 55 R FH B A LAR AR 7 323 (R I AT RS R A RRFAE 1B 95

5.1 FEHLARMAESL

5.1.1 7 EMA4H

5325B (Classification Tree) J& T T ID3 HIEM M I —F, &—FpE s m s
W2 ) p 2K 2% SHAMMLAS 2 SISk — A, IE L U R a2 SR, SR AR 1R 43 28K
I3 R S B G0 B, A — MG R, B — N0 T BRI — AN ) 2 M o 2588,
M XREBRLEE XN RS BB KGR, F— D7 WK RE—K
Sile AEFHA, MRREEREAR MAR BTG, IR — A0 ST S EE — AN e ARAE,
HEIF AN, BENZREARBIZIERAMIT, SR IEFEARM G R 73 W 52K e
R, # iz R T RA

x3=2

B 26 433

TP RPN BN R R AT AR A SR 5> 73 SO R e o K B, BRI R b & — A
FEARE T FER R RLISERA T, B SRR — N N IR T ) — NS0 CUn R A e L
FI5E 1 5 W BIREASIE AN & TR — A5, Wl 2 BOR A3 R E IR« I
F RS AL R BB 0 X0 e ARG A BT AT RETENAL, Ag, As, o Ay, RAEIXEETT fE
(INEZE Py, Py, Py, ... By TS BRI SE SUR:

entropy(A) = entropy(Py, Py, P3, ... P,) = — X1, P;log,P; (15)

RBOR A A HZIR A, BRIy, WIHEEAE BN

n |Aj|

entropy(Py) = Xj-q Al entropy(P) (16)
%X{glﬁxié:
gain(A) = entropy(A) — entropy(P,) 17

BT R 70 S B B 5 R I 2 S R BB PRLE 73 SR R SR SRR I
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R 20 EMEBRE

1BFrEHARAT R

2BABERENENRARN, SHRERBERRNT [ROUEMA 3 B1 M B2,

3.xf B1B2 2 3I#fT 2, 3 WY, HEFEMMTNEE—1EINER, FE4E
MR EIT AT,

4MREFHT, HFRAAERERBTR—DES, B ZERREZRREH
THIZER]

5.1.2 BENLARMA 4

BEMLAR AR AL R 224 L3 1 5 20 LB M B8 2 50 43 a8 L, BEMLARAR A H BTN
FATHISE S, AIRZI A D E/NEE SRS L, AR eEE, HAESEMNE.
2) AR Y, AT EXFEALERI T, HARBRSTRARE . 3) QIR
PRI, FEF oA, ARz 4) YIGRTEUE, BEREAT I AL B (R AH FLR e, 5 34k
JEEEEHY . 5) ZREER, SKBURMIE, &5 IFTIHE.

R EHFAEF G S T OGRS . HATH JJEIRSEIRSE AT 3000 MEA, &
TRENUARAE NS s B MREARYERE SIS BURE e 5O Tefm it A R T 455
R F KIGEARHT T, KOG YERE B EHE A B TR JOESes, AseIn 2 i IRk
FAXS T BP Mg ARH P, 1T L0 (8] PR A 5 R FH BEATLAR MR AT SRS R Sl AR
bk 5.

BENLARAR R A TR T -

R 21 BHARMEERE

LREE N MR, AREMAERE N MR EIRATUNERER), FHA N
FNG—RRER, EAMIRT AR,

2EMHAE MAMEE, ERRNNRARE, BHM M D4R PR IER m 4
HEHTAR (m<<M), BPTRIER m NMEEF—MERKIERE S BERAUHTD
2

BSEREHRE 2, HEFTREMNEEZSKTRNEMER, WIZREREN, &b
FEARENAM T RTEM K.

ABELR -3, B KREREN, MABEYIHRR.

e R e O IR A I B S BN , 35K 13/ WL BB L AR A 5 LA
% SRR .

5.2 ETREHLARMEVIRZS 7 KFNHFAEEFE SR
JUEBENLARMRILIN A IR, — RS b, TRERREE m KA,
FEATT, (RS LA R 5 K IE R R0, R A3 R R A

R 22 BEVLARMIRES S RIEFHE
REEHE 100 184 200 124 300 184 400 124 500 T£#¢

10 89.08% 92.24% 92.48% 99.04% 99.57%
12 92.34% 95.78% 97.05% 99.73% 100%
14 94.70% 96.09% 99.15% 100% 100%
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T - :
C;)): 4 1%

SHANGHAI JIAO TONG UNTVERSITY SR M AEENTS SR S 4
¥k 22
16 88.92% 90.34% 92.89% 94.83% 98.85%
18 88.90% 89.75% 90.11% 97.55% 99.73%

H ERATUVE W, BELARARSEE AT DU T OIS 7028, 70 RIER R m] LLAE] 100%.
TR A R S BEUARMAHSCELR AT &, RIS AORRAN R 2 s, EPERFEE m NS Z055E T M
PR o

R 23 ETHYARKNERREESF

NEE HipHElE —EAE KRENEK ®S 8§50 &8
IR E 842 3201 1945 442 2 451
NEE — MK “&Ei SERET REE TDNR
IR E 123 107 11 690 0

i EERAT AR 3] 12 MR E M EEVEHE . —S2E. K S E . R #A
—EAMIKR. R ZEAMEK. TDNR, X5 BP g i 2% i) 45 SR A A .

R 24 ETHHNAKKNE SEZEHF

NESFS 1 2 3 4 5 6 7 8
H IR 875 1509 15 34 1337 192 543 99
NERFS 9 10 11 12 13 14 15 16
H IR E 75 0 83 398 0 2 921 5

H ER AT 16 DM E i EZ Ry, IR 2, 5, 15, 1, 7, 12 SlE S\ 2k
FEHT. BP MM HMNLE R 1, 2, 5 5 R EE iR, (2 15 5 B2kt A Ah
PR AN RE £ SRS 2. MM AT BP M M4 IRFIE IR BT 1. 2, 55 =Nl
B A SR A R 3 O B B 23 MO I R A O IRAS TR . T, PR
AT S5 HARSRE .

5.3 KT/

A F RN G T KAGIRES 7 FEFIRIEE B b 1 e 28 T BENLAR MR BEE A
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With the rapid development of information technology, human society enters the information
age. The popularization of various kinds of sensors, input and output devices and storage
equipment provides the conditions for the generation and storage of the rapidly growing data, and
promotes the generation and development of the large data age. In everyday life we are generating
data, just through the Internet, the amount of data produced every day is very large . Therefore,
under the background of large data, the data has the characteristics of large scale, fast growth,
many expressions and high value. The rapid growth of data has brought great value, but it also
brings a lot of problems. In order to solve these problems, many effective algorithms have been
proposed, the Data mining field progress rapidly. At the same time, in some areas of discipline,
although there is a considerable amount of data, but limited to the professional threshold, not the
same as the life information combined with data mining technology, from the vast number of data
to get new knowledge to help the development of the theory. This paper tries to provide a new
idea for solving one problem.

Sandia was an open international Joint station for turbulent combustion, established by the
University of Naples in the 90, and then joined the research institutions of Delft University,
Darmstadt University, Stuttgart University, Heidelberg University, Sapporo University and the
University of Chicago. Sandia focuses on the study of the turbulent chemical reaction of fuel gases,
integrates the experimental data of the above-mentioned institutions, launches an online database
to help researchers verify the model and explores turbulent flame combustion, and presents a
series of frameworks to compare the results of the measurements with the theoretical results, and
to guide the research direction of future experiments and simulations

The workstation is still being updated, focusing on the hydrocarbon reactions of the flames
(methane, natural gas and methanol), including the modeling challenge of the process, partial
flameout, ignition, separation or elevation of the reaction zone, automatic ignition, flow back zone
and whirlpool. Future plans to increase the combustion model of more complex fuels, hoping to
build a general combustion model, including non premixed, partially premixed, layered and
premixed flames. Future Sandia Research on the choice of flame targets will be based on the
needs of organizers and actively contributing scientific communities.

Turbulent non premixed flames (Turbulent Non-Premixed Flames, TNF) data is the core of
Sandia, which contains a number of scale and velocity data of the flame turbulent flow field in
chemical process, so it is called the experimental data set of the most reasonable and complete,
accurate and suitable turbulent flame, which is used by the researchers to verify their combustion
models. Datasets include detailed scalar measurements (temperature, main components, and some
minor components) and velocity measurements of a jet flame with relatively simple geometrical
shapes, relatively homogeneous fuel components, and relatively clear boundary conditions.

The main content of this paper is based on the Sandia data of the classic data of Jet flame.
The general consensus in the field of Jet flame experiment is verified by PCA analysis on data. In
this paper, we use the KNN SVM, neural network and random forest in Sandia data to identify the
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four kinds of classifier successfully, and put forward the feature selection problem in the process
of recognition, and filter out some important features in state recognition. The experimental results
show that the selected feature can be used to express the state of the flame.

In the background of large data ego, machine learning becomes a key tool for data mining in
many disciplines. However, data mining is rarely used in the field of aerodynamics, which is the
goal of this article. As the key technology of scramjet, research on the field of Jet Flame has great
value, but the Jet flame, as one of the most complex turbulence, has very high non-linear property,
traditional data analysis method can't easily excavate its data distribution characteristic and help to
describe the jet flame model. In this paper, a method of machine learning is introduced in Jet
flame, and a variety of algorithms are used to classify and select the Jet Flame, which provides
some ideas and references for the application of data mining technology in this field. The main
work of this paper is as follows:

1. Firstly, the TNF data of the jet Flame Sandia Workstation is investigated, the sources of
TNF data are introduced, and the significance of each variable in the TNF data is understood,
especially the two concepts of measurement and measuring points. From the 4-Jet flame flow field
in the TNF data, 11 measurements and 16 measuring points were selected to form
176-dimensional samples, and each flame flow field selected 750 samples from the time series
data, which made up the machine learning dataset in this paper. Then the data set is processed by
PCA, and compared with the unfiltered flow field data, it is proved that the data set is of low
linearity and suitable for machine learning.

2. Using KNN, SVM, neural network, random forest Four kinds of algorithms to classify the
flame state. Firstly, the technical principle of these algorithms is introduced, the respective
algorithm flow is given, and the parameter setting which may affect the effect of classification is
discussed. Then the classification experiments of four kinds of algorithms are carried out on the
flame dataset, and in the experiment of different training sets/test sets, the effect of different super
parameters on classification accuracy is compared, the KNN algorithm is not suitable for flame
state classification, the Sigmod kernel function SVM and 4 layer hidden layer, the neural network
using Levenberg optimization algorithm can realize the Flame state classification perfectly, and
with the increase of tree number of decision-making, The random forest algorithm can also realize
the state classification effect well.

3. In the process of using SVM and neural network for State classification, it is easy to
achieve extremely high correct rate indicating that the dimension information of sample is highly
redundant, combined with the high cost of Jet flame experiment, it is necessary to simplify the
demand of measurement times, this paper presents the feature selection on the flame data set.
Using a neural network with Dropout to test the default test set, and comparing the accuracy of the
default different dimensions, the importance of classifying and verifying the important dimensions
from the training set and the test set is concluded: The quality fraction of nitric oxide and the
water quality fraction dominate the flame state measurement, and the 1, 2 and 5th points dominate
in the flame state measurement. A random forest algorithm was used to classify the flame state,
and the importance of each measurement and measuring point was obtained, and the importance
of nitric oxide and water was also measured before the importance of 1, 2 and 5th was in line with
the neural network.

The main innovations in this work are:

1. The data mining technology based on machine learning is applied to the research of jet
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flame. By digging the historical data of Jet flame, it is proved that the linear correlation of jet
flame data is not high, and a practical method of Jet flame State classification is proposed, which
can feedback the current Jet flame state by several simple measurement results, and provide a
reference for realizing the closed-loop control of scramjet combustion state in the future.

2. Through the correct rate of the Jet flame state recognition, the dominant dimension of the
Jet flame state of the sample is screened out, and the original 176-D sample is replaced by 6
dimensions and does not affect state identification. Due to the high cost of the experimental
measurement of jet flame, this result can greatly reduce the costs of the experiment and reduce the
burden of the feedback sensor on the combustion closed loop control of the scramjet.

Follow-up research work

This paper is based on machine learning jet flame data mining, because machine learning is a
less used technology in the field of research, resources are seriously limited for this article, and
there are many deficiencies in the research process:

1. Limited to historical data, this paper only uses 2 categories of 4 flame flow field for State
classification and feature selection. For more flame components and more extensive flow field
conditions, it is not clear that the conclusions of this article are equally applicable. In the future,
you should try to obtain more extensive data on the Flow field and verify this conclusion on a
larger dataset.

2. Using PCA to analyze the linear correlation of data only shows that the linear correlation
between the measurements is not high. In particular, there is no effective method to prove the
linear correlation of the measurement points. In the future, consideration should be given to the
use of cluster analysis and unsupervised learning to analyze the relationship between measurement
points.

3. In this paper, we find that the 15th measurement point is always abnormal when making
feature selection. The importance of the No. 15th point is at the forefront when only one
measurement point is deleted for flame classification and random forest classification and the
importance is sorted. However, in order to classify the training set and data set of only one
measuring point, it is found that the classification effect of No. 15th measurement point is poor.
The No. 15th Measurement Point is located in the Flame Xu 60d section and R 30mm. This
phenomenon is the accidental phenomenon of data noise or the existence of a deeper mechanism,
it is worth discussing.
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