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Abstract
Since the current monitoring system in the production process is incomplete and the production
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method is backward, it has been following the processing scheme of solving problems after they
occur, and the modern production process of current products is full of uncertainty and complexi-
ty, so this production management method is not able to detect the quality problems in the pro-
duction process in time. The sparrow search algorithm is used to globally optimize the weights
and thresholds of traditional BP neural network to improve the prediction accuracy for the fila-
ment making process in cigarette manufacturing, and the model is compared with traditional BP
neural network by loss function, and KNN model, SVM model, logistic regression classification
model and QDA quadratic discriminant analysis model are introduced to compare the above five
models. The evaluation indices were compared to prove the superiority of bp neural network
classification effect, and the sparrow search algorithm optimized BP neural network has high effi-
ciency and accuracy for quality management prediction in tobacco production process.
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1. 5|8

REFHEATI O &S 13 FATEICEE— 7, H=EMEEHIE R, 2019 438 EHR 7
TR EIBSCR A B T 12056 1470, BAERIEK T 4.3%, 1 L8AE&HAR T 11770 {46, R
IRt TR E 23 B B T ERITTER, i EDAE R — AR AT, R EBU AT B
EHRATY,  EARAEAT A TR E E O BUBORIE,  EPR LA 7 k) K= b M o A R e i R o T ATl
T L EAT 0 A THI (A BRI B T R Ok 22 P MR 2 P R T ORAIE R AR R, AR T Al
M3e4 7, oot HArm A= 8, W M. Ar- e g, A ReEE e, s LM
ARI K R AE M E AL T &S AR A 73 2 o i i, B AR R AR DG R EAEE . T A A7 S 42 4
TS AR P R AT SN AT . 2 BRAR ) A, I BT DU I RGBS R ERIE S, Ak
OISR — IR [ 1] [2]. 3% TOARE AR 5 (4 55 FR PRI T 2 A7 7 0 R SRR ) i A S
iH, ¥ BP 2R 4% F 06T M 5 R 72 08 P 3]

X TR MR B A 2 3ok R A DB AT B A2, A IR TS S R, i L B LK
PEIZIR T A AL Sk A2 X 48 S RS S0, F 0 il P R o A AR A7 6 50 11 b A
SERE B2 BRI BEAR TS AN [F) A kA7 B B AR ) 4] [S]. JEREET H AT R R AL AE LIRS
S B 0] R 5| N Sk R SR AT AR, R AT S (SR BN TR LG, B T SO R
PR R R A (6] BTRILMEHIE TT T A 0% H T RR 2 1 R BV A S BN R R A0 I ) R SN
Hammeraley {I% 2 57 )7 51| A 45 50 Gy U 7] o RBEOR T IR AE VA JE T I ) SRS AT Tt Ak, $H T etk
IR R BVE(SSA), FF HARYE XS LL R I ISSA W SUE 4, kAR e (8] XIRAE H KA R AL
BP 122 X 28 Sk Bt B XU D2 g AT 0, AN DG RGE . K] IRFESEAE AINZRSE, JEiEid i i i
BARBHEAT 07 K, USSR LRI HERA BE[9]. AR 2 B3 W BEAT ML R 248 Bk AT TR 7L, (R
X T I TR AT /e b, B BP MBS IR 5 B, 5 5 BN SR i s e A4 )
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Bt BRI SR ARAER R, A RS T A IR T BR s, W BEEAT T AN, A
A DA S b O HLURE A 7o 8 A AR T R R S50 BP M MG T AL, AR A A
LT AN ] SR A BB AE O S e AT A 2, X R A R R AT T A
e R A b 1 MR SR B A M AT A, BIE L B AT R

2. BP #1IZ g EE

BP 125 X 45 & — T i W5 2 0047300 1A% 4% SR I 25 1) 22 J2 R 22 N 4%, 2 H T BT A #h 28 RR 2% rh
FH B B iy, 3 3 B2 A S I ) A B R S ) A% FE 0 4 LR, BP A48 I 4% 1 AR R RE T RS
(Gradient descent)& — M H HI I — AR AL 7735, 80BN BRI IAZ O 2 08I 2 O EE 52 PRI 20060 IR g SR 73
SRS AT X EER 220 AT, B — S OB AT RME S 25 H SR A2 5 IR — [ 10] EARSCH i E
FEYTZSHDHINEE. BRI . M2 MR R B AL MA RTS8 BEEE
ORI ZT AR, AR AR AR AL FEE 1 A 28 o 28 A TR A A N 2 2 (RN B R A, S e M B 5
) BP MBI,

BP HEE N AEIR PR W 28 th L BT 32, BREREE N — AN R 2%, ReidtbdT R &%, [
BT RS VP BE D BE 47, 4 NiR 22, FF HL USR0S RLA AT S X A5 2 PR 5 A 1 e o et s
MBS AR FATH BP AE I 28 35 AT N FL i3 77 T A TR, o R ) JEORL A S p 5 2 . o
FYIE . BEVRE AT TNAR FE[11] [12], {H 20 T35 M)V ik B2 o (0 OB T 352> HAFAE — LSRR A 2
Ak BE—, fE5H BP #HZ N 4 BH T ME AUBUE 1508 BUE AN [F) B BP 28 0 45 1 Ji 28 SR IS8 £
BR G HIRA RGO, a5 A BUE AR TN R, I BT F oy BE S 1 doE A A3,
SHONGRRK[13]. 25—, BT BP MM AT R EHATIEN, FRAN TIERFIP KM T EEE
ERBHAT AR, XS SFREIEMRAME. =, %5 BP &M TR EEH. BE. i
IR 2 S ERERAN R /IME, DT T M 5 A = B 75 B2 RS FE TR R 2« T B i 248 2
ZHb, ATSCAE T BR A48 R Sk (Sparrow Search Algorithm, SSA)XT BIE FIABUE I BT 2047, (500210
FEHERETE AR
3. REREEZ

PR 2R SR 0 R R A TP — R, o)R RS R E AR T KIREE(Grey Wolf Algorithm)., g £
P51 (Whale Optimization Algorithm)%% o JBR#E 14 2 5.3 5 b Jay 4% 3R BE J0 B0, Wi SAosk FZ AR K454,
ZHTEG M. ife BP Maigs, 24T HAERISE T I, R R S I R A AT 5 R AT
BN A ORI ABREHE AR R AR TR R A . R R AN R Byl R B £
BV X ARG NPT AT I R DL GG REH A E R SR AL B AR 51, T AT BRI B H i 2 K
P UMEER, EWRNESS T BOE N REVERN, KIH S AIEE 5 W SRR ALK = & 'Y
M IREAT . AR RRE N S A E, ATBME R BIE AT 0, el LUEDyIB R BREE
e, REIFRBIGER R8Oy, (BERERREE T, KIHEERE LS
PR E 1, fESRT, RIE KRR T BRI AT BV R A5, REEE, RSN A
fr Bt olily, MReECK I &EM X SR ey, meR adEd, —SRBlE s Sta
fr BT R IE SE R BB, B R 2 KIVERGE S, M THERXBIGNRES LT
Fott 22 4 DXCSREAT SR, TR (AR O RRAE S RENLAZ BN, SR HORAURRAE .

FERREEREED, T RIE A E TR AKX
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A, e N E B RN BKIERIREG X, FORBRAE T AR SR j g 1 P AL E s o HHEL a e(0,1]
R, FI ST 73 /s bR A RENE T T EAE M 2 2 MH: O RRMMIER M HEENE: L —A 1%d 1
R, HrhprAESN 1
FEZMEEHA T, R, <ST, KR, €[0,1]. STe[0.5,1], KW HAMZXEZ 24N, FAilHt
BAHBRZ W ERE KIER, T2 R, > ST MR R ZKIROEAER, A0 EmE kW T Hadit K
HRERAE R, EIZIE 0T R 7 AR A b X AT B £
EEPSEL B A R A W
Qexp {_—qum; X J,i >2
X:;l _ I 2 @)
Xptx; - X

ALi<”
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Hrh X, REIEHEIFIREIN BRI BEOE: X, Z2KIE TR B E AT RZNE; 48 1% 1
HFE, RGN TT R -1 0% 1, JF AL A4 = AT (447)

fE Erh, IBREFIE SRR SR I E, B IE R E I Y S PR BT S E, AT S
KINFE P, WA, BREF IR IZIX AT B E, RETFEPAT LR ANXQ), Zi>n/20,
FORERERBURAIARE S, ASE @ DR ISR Y, JBRE 5 Z A A 5 A 0 ) slas e
At A L AT At [X 38 EAT B £

T S BENERRAE ™ A4, AT I BUE R I A B AR JE I B T 2% DX gl A A X 384T 3
B ERE BRI 5 L — B 10%~20%, 43 2 4 11 A BA5 B RIE AW F

Xliext +ﬂ|Xit,j _Xliext|’.fi >f;g

t+1 _

G)

12Y) Xt-f-K |Xit,j vtvorst| ,f:f

) (f,"_f;,)""g i g
Hoh, X, BRERERIOAE: §RREES KOS, HEBEN 0, N 1 ESS A
K e[-L1]ZREHUEL FOoRRRERBITT;  fFRoR5 i DRIBEREE: £ £, 70 B RoRRRERE AT
SRR IR G NG e NHEL BERAX BB 0 KT

4. SSA-BP 22 4% B & M E B B EIE KX RE

BP 125 [0 45 1 ST 80 TG B 2 =, AR AR 1 2 BTG 0 A M ke AR R PR RS AEL R (24T R %, DA
PR A UERG B, TN R R EES, T DA E B R R B4 Bk K BP & 4 R
BB A B RS, AN S BP 40128 9 285 (R I 2R B0 22 1T 5 3500000 BE N R I oo, () ] LA sk
G AT LE TR P N R BB B I o R ION JRR 8 1 2R S0 e B AT R4k, R T SRR A Py 38 45 0 2
PRI SSA-BP #1228 fR 44 A

SSA X} BP #1Z W £ At Ak (1) B A BN -

1) BRI, SHREEREEE TR BT 10%MBEEIT 0T, MERZAFIEE, ST REAR
L 10% B (8 F A8, PSRN A, R T 7 1R SRR AR ) 5 ot T 45 S 7 A R ) e
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XHEHEREAT AL, DL R — B BN R E 2 N, H LA — LA A min-max .
VA —A% z-score VEMH—ALLL B, A SCAE A min-max VEBEATIA—1b, DUIPRASEAL (U Slod B2, 4 T A5 A
HIRS AL [14]

2) Bk BP MM AR . TR P S TR A RS TR, T T 2234
TP AT IR ) 2R O 22 MR R T BN K DLR S U BE ik 22 AT (1 fR B BRI A& AT
MIH K7y, PRIERT BAAE 2% BP #hZe RIZ8 ORI N1 RN R0 4 A, TR F9000 AR 808t 2 2 ki)
- FR % TR RS SN AR R B 1 R0 1A, IRl T A s SRS R R

p=4vtq+a 4

Hehv NRNZ, g ARHE, a8 1~10 B

FHREE MRS R S HT LR IR Z MR g e DAz AR T, TN TR R — DRI
B e ENEHT IR S E 9 R80T 5, 72 BP MM, BIEABUE SRR — O 2R HEAT 5,
B BRI R AU, A1 IZ RN IE B B AR R o 28 I 24 AR A TR 3 o A7 i s o 4 SR AT
PR, TR 02 8] 45 S BEAT A EAR A 75 B0 5 — MR JC AT I B AR, T2 R A AR O
B, REERSSEUE RS, S/hax S8UE BTk IEHF &4,

3) WERREL REEA RSHUE . BOHRER REE X B iter,,, BUATEE D[S, 15], FEA
15 sizepop HIHUEVE I V[50, 60, [RII 4 A B B E NSRRI 4 0.2.

4) SSA TP N M B iR A BR ) 4 JR dme LI AR, AR AN N PRI L RE A0 A2 7 3 [ e
EAERACTF AT, SRIIIA S 2R, b RS B IE N BB HEAT HE SRHUEL AR, MR HUR K
138 N P S R KR o o g BRI AR 7R SR 45 SR 5 T 8 R AT X L, 22 5 A i/ N R R R B N die AE A o
AR i B0 AP A R AR AR R b, TS U B VBB, MR TR (L 1) KN W 75 32 28l »
7 BT H A R AT SR, 6 R A LR B AR U REEREAT 0 M, WA RS T RE R A 1 S <5 ET ) AN T
SERL AT AT RS B SR, e AT HRIAMA, HEFIRBEELR, 4AEN.

5) i ERLKIAEMBE. RERNGIMARRREZ 12, BREZ1REIREZE2ZE. BRERE
2 JRBHZ A RSUE, BAZEE R R NSRS 2 OBUE . B T2 B 2 SR 20 550 40 R s -

—-0.5005 -1.3615-0.6167 -1.45440.3694 0.3890
v |-0.0626 —0.0626] - EHREIEAT LIS
{—0.5005 -1.3615-0.6167 —1.45440.3694 0.3890} [ |- THRSEAR R R R HAT LG

0.0367
0.0367

6) BP 128 W 2 JRHU IR L 240 1EAT I 5 K TN o 5 JRR 72 45 2R 045 B SR AR AR BP 2 M 2% 11,
WA RO BLE AR, E BP A2 28 S LA 0 T REAT A 50 R ) 222445 fX) o S T«

5. SKI&sie

RICKH T 658 BP A M 45 5 R REVEMALE BP #h ML A4S & 177 AT xrbe, sl 1~
K 4 Pos, ERLRORS B . HERRRE . IRZESE DT R ILEAT b, i R % BeIE R A 1 R SR L
& BP FZE [ 25 B TRIIEL 5 OB AR R ZE R 00, UEWIRR A 1 B UL IR AL 5 1) BP MR I 28 A fiLible k. {7
BITIRRZERMSE) PB4 R 7 (MAB) B BEAT X0 EE 7 A P4, IR F) J00 M 55 S BB 22 T )
i 2 5 00 o

&BPW%M%%%A@%@E%@%@@%[ },%ﬁEﬁﬁﬁE%W%@ﬁ%m%nL

z;(XI N )2

N

RMSE = (5)
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Figure 1. SSA optimization of the BP neural network process
training curve
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Figure 2. SSA optimized BP neural network simulation predic-
tion error curve
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Figure 3. SSA optimization BP neural network fitness curve
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Figure 4. The prediction curve of traditional BP neural network

& 4. &%t BP 42 W48 89 TN Bh 2k (5]

MAE :%i|h(xi)—yi| ©)

AR 5 O ) S B 1 A DG, A G R BERI38ME, A REIR B (030 SD E, i H/KAIME
A SD E, MkEHE ) SD BB, XHALSE BP #1248 X 45 B R R 28 48 2R VAR AL K BP 4128 o 28 455
RUBHAT VAL, W% BP M MZSAEA R S50 58 Bl (55, 3% H iz A e ) B8 S R BB 5 o i &7
PRI TAE

FREAE R EVENAL) BP #2200 28 1 500 K4 5 S B s AT 0P b, RIS 40k % MAE N
0.003322, 75 % MSE 4 0.11081, #177R1%% RMSE A 0.33288, HT FH4axtiR 2. ¥y 2 MR
R 22 /N U RS A B TN RSO S 4, TR R R R ) BP 20 I 2845 O T 5040 A1 <
P2 A EL 2 N P40 % 2 MAE A 0.006765, 777 MSE 4 0.24445, 7% % RMSE N
0.49442, KRR E] MAE {H. MSE {E A1 RMSE {i #102 ¥ WLA [ U= 0% H0 451 2 R 250, T 407 2K R 00 /) ik
U, R N EE X E AT DU il SSA b2 J5 (1) BP #1448 LR AL AL BP 148 X 45 453 2k bR B
AN, RIBOREELF, 45 REAR.

AWFFCRH VIRE RPN T, ik 1, K i 4y 8 17 TP FP. FNL TN PURSEH], SRS
Kr3 2 () TP FP. FN. TN WUAMEBEATAHOCHE =R . WHEff=e. A M3 AR BURS ff 22 A0 4 1] 32 1) —Fom
BEPBIMTHE, THEA W T s

Table 1. Comparison table of models of SSA optimized BP neural network and BP neural network

5% 1. SSA ffift BP M4 & BP #HEZ M ERERXTLE 3R

PRI %R ZE MAE Y77 % MSE PRI 2 RMSE
BP L 2% 0.003322 0.11081 0.33288
SSA AL BP #4142 4% 0.006765 0.24445 0.49442

@ F5WZ Precision, KU HIIEH A& MIHA L, AXnF:

Z

m
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P
TP+ FP

@ MR Accuracy, FRFTHFEA S IRE RSB — SR, AXXuF:
TP+TN

Accuracy = )]
TP+ FP+ FN+TN

) MR Recall, o IER K &4 dh8UR 5 A S48 ORI LER], A3
7P
TP+ FN

@ f1 AR ADRS A0 B FnACr, A nr:
2TP

l=—n ——2 10
/ 2TP+ FP+ FN (10)

TE R st ipoa] LA HE SSA DI Ak 1) B 1438 10X 28 43 2 T ASE 28 ] Ko 5 J0R 1) 38 AR ) B8 900 9000
T BT bp R A AE TN AL o g B, PRI fS F KINN AL, SVM BEAY,  Logistic [ 943 55 5Y
QDA AN S BRI X Al ) SEBREE AT /00T, #45 RS BP &M BT X LG, AT A
[FIRALT X A b A0 AR = i AR b R S B 00, 3 R R R R

TERNLSERL LA EVURE AL Y 5, XF BRI DY REA 5 BP #Z M EAT 0T L, BP #1148 45 7E AR Y 1)
FEBAPE . AERASE . ISR S5 7 T R B L A B s . A DU IOV Al b v ke fir &2, LR DU T A b ) 3
ISR ), R AT L W BP A48 X2 1) 43 P0IBT L U2 KINN B, PR SO A o
HURRAL Y Logistic [H]JH 53 2858, 1 4 S PO SR 3 72 (12 QDA IR FT 3 i Al

MEUE ERFE, BP #2 M2 (A B e R B KNN BB s B 5 LA 20, BB AR Vs i6 (ke
KERE=TI2A, FIERMNEIERE Z AR/, A28 T RS2 bR A 7= 2 s, BP #1228
LR R LS T KNN B BT SE ALk o PRtz ob, SCREm MU AR Logistic [51V9 4 RS AITE
recall (FEFR FRIRLF, LA X P ANBRLLEXT A 4% i A% 8 A 35— E A S 3, AT DAYE SERR S 56
MYEZ% . 5i4h, QDA Z AN BB R A SCHE , 2B ANIE F 100 T 0 A = i A A 58 5 T
W, W2,

precision =

(7

Recall =

(€))

Table 2. Model comparison analysis table

2. RESEE SR

precision accuracy recall Fl1
BP #H£8 M 4% 0.9991 0.9991 1 0.9995
KNN #5781 0.9987 0.9980 0.9993 0.9990
SVM F7Y 0.9980 0.9980 1 0.9990
Logistic [H1)3 4 2B AY 0.9980 0.9980 1 0.9990
Logistic [F1)3 5> 2B R 0.9886 0.9868 0.9982 0.9934

6. &g

MR8 B 45 RA5 4T SSA ALY BP #0428 HAG B A AU RUR, Bt 5 5 46 BP #1148 X 45 33k
ITXTE, IR R R P 346 5 1R 25 MAE. )75 %2 MSE ¥ 5 #i% 2 RMSE #] LLAE H Z485d SSA itk
) BP A1 28 0 2% 258 S B8 4, S 5 SE BB 1R 255/ o A8 FH bp #2848 5 KNN A7 SVM 15 7Y | Logistic
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