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Abstract

To accurately characterize the influence of process parameters in the tobacco drying section on
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discharge moisture content, this study addresses the non-normality and right skewness of discharge
moisture content by constructing quantile regression models at significant percentile points using
complete batch data from the tobacco processing. Comparative analysis was conducted with ordinary
least squares regression models. The research reveals that cut tobacco moisture content, process air
velocity, and cylinder wall temperature are critical factors affecting discharge moisture content.
Moreover, the impact of each factor varies with different percentile points of discharge moisture con-
tent: the influence of cut tobacco moisture content demonstrates a U-shaped trend as percentile
points increase, process air velocity shows a significant decreasing trend with higher percentile points,
while cylinder wall temperature exhibits an increasing influence with ascending percentile points.
The quantile regression model at the 5th percentile effectively characterizes variable impacts near
the technical standard center of production process parameters, providing crucial theoretical support
for precise parameter settings in discharge moisture control.
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TAAER St it FURA REMEAE R . b, B2z BRI A L2280 h i B s T 1], HeARsE
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W IR o AT 48 R AR UEHER S A P i AR AR SRR I, BRI AP RN 126, AP R R
WA SRR TR DR ERE 0 kg/h HEFLEE L 90 s MRLH e NS HUBRMLR . Hoik, 1%
FRAT M FH ) A 2 A DR DT o 4 5 AT RS B R, B R a5 SR B 1 AR AR S B dE Bt
Jo, il 2R A SRR TR A N L AR 36 72 ORI HOREK 43 R S I 58 Tovds— — X 2, AR il 22 1R A
REFEAR IR (26 1 3 R 4R) T P45 B e TR) B0 Sl B % 8 min FAD B [ ) B b AT 250808 4 4L S R S Hdm 12
B, BATMIREEIRFEAR, FEAEN 2286 1.
2.2. TRIEH

TR 22 B i BL K 73 A R R AR &, ARYEILA BE 22 WL AR AN R B, R, 289K IR DL RAH
KIS A TR AR, Hh, 2Ky . TE8hE. KR TRRERRE. ks
LR R IR, TEAEE. fUERARKIRES 8 ML 2B, UMK a0 2aid P14l
AEER S5 (22 BT S K 3 B, AN B M E NS &, A B 4 ) Bt 22 By i) A e R BT
¥y L 2nE 2 AL R @ R 22 N R RE A 22 B s K S e 2R R R = K R
ZETRTT BV B A BN 1) P B A 22 LRI B e B VR AR R T B ) BB R R it 22 WL T B A Sk
FRRTI B FIR A, RIS AR, LN TR AR S FRRGIR R R 22 LR UK b IR
FERZAS I B IR B A, #RXUIR B U B ik KT B8 F BUM 22 TN 5) s T2 2 A o (W #8 X
SIS 2L IR B S s U SR B2 WL P 3B 1 SR R R T MR B RS 77, B 34X
it . FARER AR ERHRRES IR 1.

Table 1. Descriptive statistics of main variables

* 1. FETEmMRMGIT

24 B FIME PR 22 e/ ME I UN| T
HEK 5 Y 13.86 0.20 12.93 14.64 (R4
YIw 225K 55 X1 20.63 0.30 19.80 21.41
LT X2 2499.94 1.20 2458.22 2500.29
TN B T AR AR R X3 126.51 0.96 119.64 129.88
K B 0 28R BT IR X4 619.99 0.40 616.22 621.68 -
igis Xs -4.78 1.58 -25.31 -1.26 -
TR Xs 0.15 0.01 0.13 0.23
A B I X7 130.04 3.73 117.41 140.32
R Xs 120.01 0.43 118.95 121.28

2.3. EESHRE

KH Shapiro-Wilk £:4 . Kolmogorov-Smirnov % 1 Anderson-Darling £ %6 = Ff 73 [ 1215 HRl K
I3 (YY) S H B In (V)HEAT RS MRS, WIs Rk 2 fros. Sitfins RN, 7£ 1%0) %E M
7KFF, Shapiro-Wilk % . Kolmogorov-Smirnov 545 1 Anderson-Darling & 4% 51 ¥ 2 45 44 #E A IR M IE
Ao ER R, XRHREZEREKS BA BE AR IES S MRHE. i — Pl FEAR S Mgt
RIL, BRI R 2,117, WEEA 0.035, UL & 2 A W/ A Re e,  H A RIS A 1)
R
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Table 2. Normality test of the explained variable
2. AZBESMRE

e WARES GiitE W Giit&E D GiitE A P {4
Shapiro-Wilk 0.951 — — 0.000

Y Kolmogorov-Smirnov e 0.107 — 0.000
Anderson-Darling — — 38.623 0.000

Shapiro-Wilk 0.951 — — 0.000

Ln (Y) Kolmogorov-Smirnov e 0.106 —_— 0.000
Anderson-Darling e — 38.364 0.000

2.4. SABEVASZE

2.4.1. =B
Koenker 1 Bassett [13]7E /200 ZE Al v B I EAE b R 1 - Ar 8 ml A RES:, ek A
A g S Ao AR AT RE . AR R Y, PAERREAN XX, X, iR N
K lm] YR
Y=4,(c)+B(0) X, + B, (0) Xy +-+ B,(7) X, +& (D)

Horh, HRETAIE e SEET 0, B P(6<0,X, X, X, ) =1, 0<7r<1; BIARMKH LA 7
HIZEAL, 267 1 o DR 1 43 R A T3 A

LEARFREN X = (X, X, X, ), EHRHFES B()=(B(2).8, (), B8, (7)) » FEARN
(Y,X,)s i=120n s BI)FHIZE B (7) i HHE SRR A N

B(7)=arg min ., ip’ (y; _Xi,ﬂ) )

Hoh, B¥p, (2) = 2(r—1(2<0)), RQENTRM— LM HLR 1.

4367 4 TS PR AR5 2 60 8 2 R 77 VAT B8t AR BEORBLAE LT JLAN o T 456
T R e BRI 75 AT (T A, TR T R R, 30, 4G4 A R
AR e B MR R TS BB B 507 2 2 T 6 e, DR B B UF RO BRI s 5=, BT A Brse
5 Rt A 40 R AT (1 TR SR o 0 5206 (LB BRI L s 5500, 593 f /b — e U
R, AR A R BRI B P AR A s R, A RS 0 B KRR
FATHIEAR B AE13].

2.4.2. EERRFEITREE

FT, Q) R EL B () BT 5% 3 A LAl i (Simplex Method) . A siiZ(Interior Point Method)
A5 75 (Smoothing Method). AT, PAATTEHILH Koenker $2H, Al R EBGREMFEEM, HE
Qb PR OR B I, TR0 40 35 T I o o AT SRR A A P R RS 4 s R0 3R A 1 1] &, Klarmarker
Pt 7 A Y. Portnoy A Koenker ¥ A sUBEVE R T 8 m o, R4 HAE AL B HBL R I, Y
RURERTE RO R B T A AR S50 . AT, FRATE RIEA A SRR S HAL S SRR YE. A
FEZ T, AR SRR — FE v RGN R R 2 (A AU 1K) 77 7% . Madsen #1 Nielsen FHiZ5H %
I T fe /N — e R (B A2 2 BT H), 17 Chen IPREHGE—BHE 21 5]V 73 7 B vt S . AHECECZ R,
AICRHBATEFEHATZHU T, FEET LT EE: 85k, R R IEER B S A7
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FEF RS R IR T, (B HASEAG TR E M RA BE RS K, HEARAAE REAA A
HMTESHEEN, FRATRIRRE A 0 ROX Lo 2 W e R TH W 2, RS EU T At . /e, 45
BRI N B A AL SRR R, BRATTEAE S IS RS B A G AN R R IR, X R 4 R R AL
filef it AT SRR

SILEENAT R A B (1) BBV IRAE DR b 5SS REIE TR kIR, B ERR EE R
TR FEANE. R, BT8R A T B R R AT AR M IES A0, ARG S B RTTVEA
FREH . B, 223k AR S B0 A @ B AR X RIS R s S, 205 5 B (Bootstrap) F 2
THE AT B T ik FESEUR BRI T ke b, AT TR X-Y BOY Bootstrap J7i%, T EHE
TLANEE: X-Y BR) Bootstrap 1F s i FH B EIFEROR 22—, a0 R AR FE A BEAT A T80 ml Y S ke
(FEARR TN BEE T JFURREA R, THRERRIHE R 0 A 8 ml A R 8 THE, 4l B IREE R G351
B N REUGTHEFH, BRI R S HO I o0 A 77 ZZHEE . EAR He A1 Hu (2002)F2 H ¥ 5 /R ] KHEL
B Bootstrap J77%(Markov Chain Marginal Bootstrap, MCMB iff i K5 22 28 28 14 J0RI 1) @ PR 4 ik, 7R VAL
I AA PR [14], H X-Y S0 Bootstrap 77 % B R BN . LI B H BA B RIS RRIE,
FESEUEWE T A3 5 2 R

2.4.3. BEKE

W38 £ /> 3¢ [7] 1 (Ordinary Least Squares, OLS)#5 5 [ %8 {4 2 VAT I8 5 7E DAL A TR BT B AR &
I E AR S AR R, Gl F AR SCHl. AT, BT AL R B o E A RORE T R
T RS AR, 40 F R AFIEH . XX — @, Koenker F1 Basset $&H 4L Lh(Quasi-
Likelihood Ratio, QLR 58 F 37 £ [m] A5 1Y 1) 8 Ak Wil 25 ME ARG 56 o

2R KRBV R T RA R BN E, W H, B, =B =B, =--=B,, WRGITEET O
) B AR R ok, BT AN

. 2(17(7)—17(1))
n (T =T N N
r(1-7)s(7)

He, V(r)=min) p, (Y, -X/B), NTCLIA SO H ] VAR (1 H AR R K {5 I}(T) =min) p (Y, -4,);
AR SRR (AL kBT ¥ H A bR 250

Koenker 5 Machado (1999)f&# &/ — T [ AL AR R? M TH L EAR, S T o fr 8=l Al &
BRI T7i%, AR (7) =1—l;°8 o K, Dy(2)=Xp. (Y, -B): D(7)=2p.(Y,-XB)
0<R'(7) <o fRe/NFRIENAH [ R AR TR 251 )5 R 5 1 1m0 UASF 5 R o e B 20 5 RKI L, T R ()
VU 42 FE B 72 A GBI IASURI, - B2 2 T FESEAS A 0T /A SR A A 8RRk, MG R? iy 2 B
AN AIETEDL, R (7) HR R TEFA AR R3S RO
3. SKUER AR
3.1. HARGREMRE

N T IRNGIHTRE L T2 2800 HOBDK A (52, B 5%, 25%. 50%- 75%F1 95%, 3T LA E4rfr
R AL ENEAR . Hodr, 5% A s AR HRK 2 IR AR ARt HR OB, 50% 707 pt UK R HH ALK 43
PIREA OB, T 95% 53 st W S B T HUBE K 23 IFE A S A A DAl e/ e [l A snf b, B e
WA R WA 3. A 3 AIH1, £ 1% EMEACETR, B RS R SA i e 25 e p e, R AAE
X [RAR B B B35 AR RERE D . il A/ 3R 1AM F Siit & 39.80, Uil &/ — AN HAREX A &
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I A e A R R o TAE BT T, R ALE (e = 0.54 0.75) ST B s, RYTA
AR FEAE IR L M R RS RN T 5k, (HB R B AL S R R 22 . ML R, Wi 737 /(2 =0.05+ 0.95)
QLR Ztit- S MIAHXS R, RYJH A B AEX LT IS RO FE 55, (HAR 1 AR UL & HOR BT -

Table 3. Testing for ordinary least squares and quantile regression models

3. BB/ ZFMSUHENIREISL

Y F/QLR it & P A WEREE
W3 /> 3R [ 39.80 0.00 0.12
S AENA (7 =0.05) 176.26 0.00 0.15
SEEUEE(7=0.25) 270.75 0.00 0.09
SR =0.5) 273.80 0.00 0.07
GBI (7 =0.75) 291.53 0.00 0.07
SR (7 =0.95) 116.37 0.00 0.10

3.2. EVARBMETREE

3 fpe /> e (Rl A RN AL R U ) R B TS R 4. AR 4 WA, DIk R L2 A GE AR
BB 536 s535) 5 HORLK A 26 A o O B0 2 B35 TEAR DG, T AT BENR BETE &0 s BV RECY B R .
W, IERK B C ARV R AR A A5 (7 = 0.25) LR 5, AR W ZE AR 2002 (= 0.05. 0.95)F
M EE. M2 T, TZHE. WIKEIGERRERE MR LT 20 ms ok RILE 52 m.

PR i A /> 3 [m] A A 55 A A AR R AR AL B 25 5, s A (e = 0.5+ 0.75) 1 A B [l A 45 51
55 g/ A [ A 45 T IR, X — IR ISR IR o HURK A BEA RIS e 2 A I S5 ARG
B2 o AR B L B R BB ERE R I (1) YIH227K 5 F IRl R BBE AL © F3E K 230
“U” RIS, FRERT ORI 2 (1 bR 28R B Sl N S BN HE R (2) L2 EER B
VA ZR B 237 mt ¢ BRI IB 8E, 1 BH R /K 7 RH R R K 23 BAG B8 R B35 (I BR R (3) e BE IR
FE R R BB RHERE /3 0 ¢ B3R, HLE S MK R A, X 3R B K 2 ki sk
IR S TN R

Table 4. The results of ordinary least squares and quantile regression

4. Hids N RS IHEVALER

gl oA el

A
=1 7=0.05 =025 =05 r=0.75 7=0.95

WHI 30.000™ (0.003) 67.875™ (0.011) 32.070 (0.127) 29.625™ (0.034) 30.751"* (0.010) 12.356 (0.558)
O£k 0.202°7 (0.000)  0.403™* (0.000) 0.233"** (0.000) 0.137"** (0.000) 0.067°* (0.000) 0.424™* (0.000)
T —0.005(0.128) —0.010(0.106) —0.006 (0.413) —0.006 (0.264)  —0.005 (0.309)  0.0002 (0.964)

Pk B 7R
H%H&%EE_. ~0.009 (0.029) —0.013 (0.265) —0.011°* (0.024) —0.005 (0.125)  —0.004 (0.275)  —0.008 (0.420)
/W'ﬁ:%/\yﬁi
Pk B 7R
H?H&ima —0.008 (0.399) —0.051 (0.149) —0.006 (0.672) —0.005 (0.533) —0.009 (0.162) —0.010 (0.718)
HRIRERE

B & —0.006™ (0.028) 7((2)%10%) —0.003 (0.125) —0.002 (0.226)  —0.004 (0.286) —0.012" (0.041)
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TEAHE  4.184™(0.000)  6.570" (0.000) 4.829"* (0.000) 4.167°** (0.000) 3.361** (0.000) 1.546™* (0.000)

~0.043"* ~0.024"* -0.012""* -0.011**
(0.000) (0.000) (0.000) ~0.001(0-422) (0.000)

PRIEE  —0.002 (0.840)  —0.008 (0.775) —0.003 (0.794)  0.003 (0.676)  —0.004 (0.552)  0.005 (0.874)
E: RKIRP<0.01, "EKRP<005 P<0.1; #ESEENBFEASERERN PE.

THBEE R —0.014™ (0.000)

3.3. EEQURNIZSHTR ST

FEAZRERM AR B REGESBIWE 1o B REL BN &AL R E AR R R R
K, WIRCE S NI 95% BAFIX (). LKA RN IR EIA R, AORBELNH 95%EE X (. &
XL AT R I, VI 227K 43 o T2 R R T B 5 A G BR AR B )t REK 43 (K320 B 5 il 7037 ;A2 Ak
IR E AL MERFE, X R AR MERAE A T b S 1 I Rk 22 3 A b 2 AR A A AR (N B AR AR
NFIRY B BT AR U 3 (AR T 728 R A ¥ i s ) S5 SR 2 LB R B RO P e T e/ —3fe o]
VAR B A T S5 A I IR0 VA R B, Jovd 4 T S WA B S MRV R B2 1) S o P ARPAE 17 27 280 [ U A 8 DU e
e S AP AR S X A ARG 3 o B FE R 5% 707 st (1 70 R B [ VAR R SR AE HRL K 23 7 A P I R RO At
T % AR B RS IR, [T AR AR

Y = 67.875+0.403X, —0.01X, —0.013X, —0.051.X, —0.01.X; +6.57.X, —0.043.X, —0.008 X
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Figure 1. Quantile plot of regression coefficients
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MRAE A RBUG TR, SRR HEUK S R R MY 22K 83 m 1%, HEbK R
5 0.403%; L 2B 1kg/h, HEDK K 0.01%; KR ICARABR RS 1 Lh, HEK
IYPEA 0.013%; IZAK B TR B BRI S 1 ke/h, HRIK K 0.051%; fFUEEERE 1 Pa, HUEIK
SRR 0.01%: LZ2AEERRR 1 m¥h, HEUKRE 6.57%: FEHRERRS 1°C, HEUK G FEIK
0.043%; HXIRERFRT 1°C, HBIKD B 0.008%; L2304 M HURIK 20 #430 T Fr itk o OB F 1 i 2
B BOL 7 EE ISR .

KH 95% 537 KU A B [B] VAR AR AT HORE K 43 7E v (B A B I A8 B s AR B, DA 7 AR
e

Y =12.356 +0.424X, +0.0002X, —0.008X, —0.01X, —0.012X, +1.546X, —0.011.X, +0.005.X,

ARAE R REUG TR, SRR HRUK S AR I R Y22 K R 1%, HEbK R
B 0.424%; LT EWMERRE 1kgh, SRR 0.0002%; BIK 2 B B s 1 Lh, HR
IK I3 BEAR 0.008%; EZAK AT 2875 R B B AR 1 kg/h, HUBRIK M FEMIK 0.01%; FUEAHRSE 1 Pa, R
IKAFBEAG 0.012%; T 2HERER 1 m¥h, HEDKIER 1.546%; fEERERRR 1°C, HEUK
i 0.011%; HOAEEERE 1°C, HUBIK T 0.005%; LA N K2k i Rk 20 P il i 25
B E SR T BRI .

4. &

© Bz B RPK T RIREARIE AT & IS4, HEIA MO AARE: @ TIH2K5. T2
R i B i P82 5 S B A Bt HH K 23 IR S B S it i 7 (7 AR A S L6 28 AR VAR A, DI 22K 23 B R )
BE R R U7 AR Y, TR R RS B A A R R R, T R
SEMARE A =T LT ) 5% R A 0 R KR B YRR R T ZRAE R K £ A 7 I R AR AR AE T B
IERARMPEIERL, JyHUR K SR S B B St 7 HE R BIR R .
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