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Abstract

Traditional wine quality testing is conducted by professional wine tasters, which has drawbacks
such as high testing costs, long testing cycles, and subjective assumptions. It is necessary and im-
portant to establish an objective and effective wine quality evaluation system to achieve rapid and
batch inspection of wine quality. This paper conducts a comparative study of two white wine qual-
ity detection methods based on Logistic regression analysis and random forest, selects 4898 white
wine samples, and through the confusion matrix and ten fold cross validation, it is concluded that
the precision of random forest model in the test set and training set is superior to the Logistic
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model, and the average precision of the test set is 88.48454%, which is 8.36 percentage points
higher than the Logistic regression model. This article provides a fast, accurate, and scientifically
reasonable method for evaluating white wine using machine learning models.
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Table 1. Data variable description table

=1 BETERAR

— AR RERPIRAS : UBAARE . PLBH] “07 #ow, AR

AF g A w4 VEL 5 I HY AR Y5
. o e BE R BV 0 BORT 7 RN R AL,
RS RE LR (T 7 19 AR 0.1
AR R VERR RZH 5 E WA R RR e e S AE % &t 4.8-14.2
Fixed.acidity (RS 78R) o
HERMR BEBPERN &2 ma S8 AR m 0.08~1.1
Volatile.acidity Fits ek ' '
Fr IR o B T AR A A SRR LA 0~1.66
Citric.acid a TR '
EHFX; > =N el A ~
Residual.sugar IR AT 1 5 6l 4 T B 0.6~65.8
e AT WERAR A MRS T SO, (FE N MAAK) 9-289
Free.sulfur.dioxide R ER SR B F 2 A1 P
B ey e - .
A & chlorides WEWT RN ERE 0.009~0.346
i R £ — M AT IO, AT DR AR A A 0.22-1.08
sulphates (SOL)/KF2, 1B NP FAIFIPTEALF ' '
TR S e 6 ek A L -
alcohol WAENNERESEA 8~14.2
i TR B PR K BB T, % R BT R 11 _
density R A 0.98711~1.03898
B TFIRE A T 2 Y O TR P B 979-3.82
pH KL H03 %161 pH fE4 2.5~4.5 : :
B E AR WEREE AR SO, HE: RS SO, ik FE 9-440

Total.sulfur.dioxide

1L 50 ppm I, SO, £ ) S AR TE Hr AR 73 B da
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Figure 1. Histograms of 11 variables
Bl UuUANZEENERE
DOI: 10.12677/0rf.2023.133256 2554 BE SR


https://doi.org/10.12677/orf.2023.133256

et

i L pR, KERAEEB AR R R 6~8 g/dm®, fR/MER 3.8, BROK(HE 14.2. H4H
TR ) & I o 2 S B N PR AT R o FE A VR RR B A i 1) 2234, K 22 580 1 6 I O A VE R E
1T 0.4 g/dm®, FRATTAT LAFFIIK T 0.4 gldm® £ 8 10 & 0 5 2x LU o A i vl LASY I sl 28 1) <7
i AR, FPERRR AN A R R 223, R 280 & I IO AT R IR KT 0.5 gldm®. HEEEAR T 10 g/L () 1%
W TR Ry, TR R L SR AR IR, IR RER BT S BART 1 g/l AN 45 g/L
W& . S it se, REEAHE NSy E =T 0.1 g/dm®, 38 —SULER Al LA R R
/I o Sy R AT R T o R NG o0 (B = S =T S e - 2 R W = e R A Y
S AL, K2 U AT T B AR S /T 100 mg/dm®. S AR RIES A, K2 S
LB S A 7E 100~200 mg/dm?. S B RIEE A A TR 3N SO, (R, TEMRIKEE R, SO, 1EH
G LTA IS, (EETF R SO, WL 50 ppm i, SO, fETH R MRIE R 1F I . SO, SR ey S
LR AR WML, REBABE W E/NT 1glem®. pH 2ZIEA/> M, KZ 4 pH
SATE 3~3.3. MRER ZIEAS AT, KEBURER T & BN 1E 0.4~0.6 o/dm®s RS o3 A fhiAi, K2 B H
EE AR & /N T 13%, FE AT 11 BN 22 R A I AL - R RT DL RS A, AT REAN
R 46 1 PR B R AR AR SR AR G R R
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Figure 2. Box plot of 11 variables and white wine quality
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BT R XA AT 5 U BRI ASARE AL B AR S o0 T R - | TR IR S — A 0~1 AR,
EAFRAN AR R PR = 03K, U = 1—-38), DR BU& M B A 2k K
O LT AP 2 B, BRATTLAERE RS 380 A B I R I DR ir LA 2k, BT S, XL
H(IeT = 0), EMPABERBACTIRNRACUR = 1), XUBERR L & e A 2 por AR
JREARE, [FIEDG HA R AR T LT 0. AT aE RE G R A S LNEEE L, FHEA
T B4 1E AR 70 B i

6. HREEST

TR LB 22%

| WoEAR Wi

Figure 3. White wine quality pie chart
3. HEIEBREHE

quality

0 1

Figure 4. Histogram of frequency distribution of high-quality and non
high-quality wines
E 4. EEE B RAE S mESE

6.1. Logistic [E]Y34EHY

N T IRNFZ YR RS 8 A R SR LR AR R R, A SO AL 0~1 [R5 R (logistic £AY). 4t
X} 4898 A ] & W AU I BTRE AT 0 I, LA 3. B 4. B 3 MIE 4 WTRUE Y, D05
h TS 22%, — 3L 1060 4, RIS E AT S T 78%, — 3k 3938 1. H 700 HIEE AE A I g AR s
30% A AR . AT 11 MEEEAEA R, quality /ENKARE T logistic AR, 753
SERWF 2 Fin:
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Table 2. Logistic regression results

= 2. ZiEEEER

A B4 R EUEES ¢ PR P-1H
R 1.67835 0.05718 <2e-16
Fixed.acidity —0.43668 0.9006 1.24e-6
Volatile.acidity 0.38304 0.05939 1.12e-10
Citric.acid 0.03274 0.05613 0.55968
Residual.sugar —1.44753 0.21345 1.19e-11
chlorides 0.25053 0.09406 0.00773
Free.sulfur.dioxide —0.19164 0.06498 0.00319
Total.sulfur.dioxide 0.08785 0.07614 0.24863
density 1.89881 0.33690 1.74e-08
pH -0.45579 0.07584 1.85e-09
sulphates —0.24424 0.04747 2.67e—07
alcohol -0.20640 0.16607 0.21392
TR 4 R G P {f <0.001

MERFT A, AIC fHy 2927.4, 11 MEEHRAITER. & A M. IR REREARE M,

It CAFRATTZ5 & A FH 32205 [ YR RN B a0 28 PR R DA B AR ) AR

PR 45 R

Table 3. Stepwise regression results

3. BHEIVFIER

WS RERATIZD ET, FH

A e 4K EVEEX PRz P-18
T 1.6780 0.05704 <2e-16
Fixed.acidity -0.50777 0.06376 1.67e-15
Volatile.acidity 0.38015 0.05616 1.30e-11
Residual.sugar —1.68291 0.11565 2e-16
chlorides 0.24995 0.09377 0.00769
Total.sulfur.dioxide —0.14414 0.05239 0.00594
density 2.32106 0.12610 <2e-16
pH -0.51304 0.05892 <2e-16
sulphates —0.26006 0.04510 8.12e—09
RS 4 Jry R P{H <0.001
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BTATEEZ 3 0Tdn, BB EIA)E, KA 2R EENZ B, XA FE AR R B S
ACFHIEIRTE, H AIC MR T 2924.10 FH X, Xy, -+, % 73 BIFORAHE R VERR . R VERR . FHE . &AL,
W R, B, A TIRE. REREhIX 8 M, I Logistic [l AR AT AR IR A

1.678-0.50777 x,+0.38015x,—1.68291x3+...—0.51304 x7-0.26006 xg

[¢]

= p(y = 1| X Xp o Xg ) = 1 1+ gL 678-050777%+038015x, 1682913 +..~0.51304x7-0.26006 X5 ®)
TEHAB AR B R FF ARG OLS, BRR FR RGN — AN AL, 2 (8 10 5 7 4 1 R AR ML 4 B/

J/?\}KE/‘J e—0.26006 ,f_hL .
Logistic 5] )25 K 14 5 22 VAL 56: (¥ H (K52 326 B0 A 20 v 14 25 A g R AR 1 %m% %jﬁﬁ%ﬁ
Kz, MRITER RS RA R EOE R 0 .

Table 4. Chi square test results

4 FHRELE

A B T P 7% W7 P-1H
NULL 3592.2
Fixed.acidity 19.026 3573.2 1.290e-05
Volatile.acidity 18.923 3544.3 1.361e-05
Residual.sugar 40.834 35134 1.657e-10
chlorides 199.184 3314.2 <2.2e-16
Free.sulfur.dioxide 1.475 3312.8 0.2246
density 290.513 3022.2 <2.2e-16
pH 82.883 2939.4 <2.2e-16
sulphates 33.300 2906.1 7.898e—09
T 4 SRy R 6 P{f <0.001

7 4 TLLEE, @ EEIHEHILT freesulfur.dioxide XM G Z AN, N T S5, &
MBI —A . R TIEAARGES, SR &Rk 5 fios:

Table 5. Chi square test results

F 5 FHREER

A 4R Bz W P-4
NULL 3592.2
Fixed.acidity 19.026 3573.2 1.290e—05
Volatile.acidity 18.923 3544.3 1.361e—-05
Residual.sugar 40.834 3513.4 1.657e-10
chlorides 199.184 3314.2 <2.2e-16

% S

i
.
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Continued
density 290.513 3022.2 <2.2e-16
pH 82.883 2939.4 <2.2e-16
sulphates 33.300 2906.1 7.898e—09
B 4 R R B P{# <0.001

& R, NULL R ZHA, FL im0y 3592.2, 3T RIEIE R MR AR, 747 19.026
AT R 22, p-value FEH /)N, T E /KA 0.001 &L T, AIFE 25801 P B8/ 0.001, 48 5 AR %,
INRNENHRBUE B E .

Table 6. H-L inspection results
% 6. H-L IGER

df P-value

8 0.1269

Hosmer-Lemeshow £ 56 (HL 462 56) i AU A F b, I 387E T I BUAE 5 52 {E 2 9] 1) gap 10,
W p ERT 0.05, MU HL &5, BIUEHITINE 5 B SHE 2 B I RIEHE RN ZE R KA p
fE/NT0.05, WU %A BT HL K538, FME S L SHE 2 AA & S0 25, BIULBRBAY & BER 2 .
B AR s 5L 6 nT A, p EKT 0.05, BEEHIEIE T HL K4

T Y |Iv|ll]lllIHII'II]l[]”[”l””,l,l,l//

=
o)
|

Actual Probability
o
N
!

-------- Apparent

04 — Bias-corrected
---- Ideal
024 #7
. T T T T T
0.2 0.4 0.6 0.8 1.0
Predicted Pr{quality = 1}
B = 1000 repetitions, boot Mean absolute error = 0.008 n = 4898

Figure 5. Calibration curve

5. RIEHHZ

FiI bootstrap #i¢ J7 152 1000 JATRE RS AR TE, DA PRI HIBIEN], % & A0
HEATIERE, S5 AIC MRS R —F. MBI 5 PIRRIE ML, Apparent f 2 i 7,
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Bias-corrected /&ifi i bootstrap #4536 {w 5] 15 F (AT, 1deal & 45° AR S 2%, WAL IR IO S5 4k,
Bt MR A RO BT . AN 7 FoniRdE Rk G, BTN I HER R IA 2 T 79.3%, L5 1 45 19 1
DIER 96 4], AR BT % 4 P 00 1E A 1070 9. R EUE N 92.6%, F1-Score = 0.8759, 1t Wiz A it
ORIRT

Table 7. Confusion matrix

F7. RBEREME

————__ predict_value
true_value e

0 96 218

1 85 1070

1.0

0.8 1

0.6

0.4+

True positive rate

0.2 1

0.0 1

0.0 0.2 0.4 0.6 0.8 1.0

False positive rate

Figure 6. ROC curve
[ 6. ROC ghZk[E

TEE 6 s ROC fhzkdh, #%N FPR, Ny TPR, HABHFRZ: TPR=1, FPR=0. i%E M AUC
{H80.793, AT R 4T

Table 8. Ten fold cross validation results

8. TR NHIELER

He 1 2 3 4 5
TR B 1 0.793456 0.804816 0.7979592 0.8204082 0.8081633
WIGREERS WA 0.80313 0.8010436 0.8030853 0.798775 0.7996824

i 6 7 8 9 10
DR R 0 2 0.8020408 0.7959184 0.809816 0.7959184 0.7836735
IR EERE T E 0.800363 0.8030853 0.8006351 0.8021779 0.8033122
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M 8 ERAT LR H, SEVUAH MRS BB iR, FIIA T 82.04%, IZREENEHHE N 79.8%.
6.2. BEYLFRMIEDR

ENGBENL AR RT, FEIFRBENSH mtry, g2 Sb T = O R BN 5. ALK
BAESH ntree, BIFEEBENLARMITE S HIRAERENEE . WE 7 FaTUEH, 4S8 mtry 8 8 I,

RURH R e k. MK 8 il LLE Y, FEMAEE KT 1200 fORHEEIE AT E T, ERUESEE IS L T IR
DR BRI IS AT ], RIS E ntree BYX 1200,

0.212

0.210 H

0.208

rate

0.206

0.204

0.202

Index

Figure 7. Misjudgment rate of different parameter models

7. FESRiERigH %=

wine_randomforest

;;f\'?'8:?‘,\}%’\""1"“‘«'"""’""“'""‘V'u.-rﬁ"“-"'.-“"" S T A
04 V"
0.3 1
<)
=
23}
N L
0.1
I I I T
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trees

Figure 8. Misjudgment rate of different parameter models
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F mtry = 8 il ntree = 1200 KU ZRBENLARARA Y, v LIS BT 1] 9 Frondh

Call:
randomForest (formula = quality ~ ., data = data_train, mtry = i, ntree
Type of random forest: classification
Number of trees: 1200
No. of variables tried at each split: &

1200

[¥]
[;

OCOB estimate of error rate: 12.72%
Confusion matrix:
0 1 class.error
0 431 315 0.42225201
1 121 2562 0.04509877

Figure 9. Random forest
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Table 9. Confusion matrix
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Table 10. Table of ten fold cross prediction results
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Figure 10. Sorting chart of important variables in the sixth group of data

E 10 EREREEETEHFE

7. ERERE

AT UCL HLas = I8l Fe—— A A Al , LU o8 IR e Al e R e &, DL 11 A PrAr
A PR ISR bRy BB, QIR RMERR . ORI, A, S, WM. AETIRE. M
PR, SN AR T R TS OB B A — 5 TN E 0 2 AR Rl R S BE L AR MRS . Logistic [ YL
Wil 7 N REREAEARNERR . FERMERR. W, &AW, . JE IR Wk, hisix-e
AR EENS R I A B R, ROC MR 1 iz B R T AR AL o T AL AR MRS v A i i
HEFRT-EROTEAR 7 R RS « $EAVERR . S UL S TR B S, BRER, R4S
% Logistic [AABRRAISIRATCURIL, #RMERR . S&TIREE. M. &Y. MREX AR H
21 ST RS B R A ), DRI R A A R A, T AR AN S, AR
F DI o ] 2 91 £ RT E R BE K

Logistic 5] RS i S AR 1 BE 250 Oy 80.12%, I SRAENS T LA ) 80.15%, X L BEHLAR AR
B, il TR AR, ARG Ry 88.48%, I ZRAEKEHAFEIAME )y 99.94%, BEALARMALALA
RN ZREE AW T Logistic [A1JAEAY, JEH MRS HUNAER < AH L T Logistic (] 1457
$em 1 8.36 MNE A, WIRIRTE 1N A R A TR o BEALAR ML — s B L 1) 2 2K 4ts
HAPERERTE R, AT EIE RN, PR BRI E N, W AT R BRER U, T PP
HTRZ . BENURMAB LRI RAT L, 9 AT A R B2 T — R REGE . Wi HAR A S BT .

SE 30k
[1] ZE7EeE, AER. ETE R A 52K EAE GRS (B AR AR), 2015, 22(4): 49-53.

[2] 2=, 25Ul w52, 55 RTATIEDE iR 22 R Guan 0 B ORI VR B FURE R D). TRBRZG RIS 544k, 2021, 38(3):
314-320+327.

[31 F/NZE, Wiy, BT E R IrIPN B  f R B ECE TN R R ] #8 #F iz, 2020(22): 150-152.
[4] M, KW, BYL HETIERSITERMSE B EIETEN R[], 5 B 25 1k, 2020, 39(2): 129-133.

[5]1 A, BHRRE, fLA4E, BRI BT A BORE O AL RIS AR PPN R R LA [I]. BEVRIMR AR, 2020,
34(1): 82-87.

[6] Z=fiRE. JET GA-BP 14 /4254 X7 4 109 5t = VP4l O 78 [D]: [ 2540 3]. dbat: Jbs Tl K&, 2018.

DOI: 10.12677/0rf.2023.133256 2563 1B 512


https://doi.org/10.12677/orf.2023.133256

et

[7]1 ZF&Efe BT 2o R RS =[] E 5 Tl 2023(3): 85-87+91.

[8] k&SR, ERME, ZX0t, & WA NEE RN LHIEIE 724 [3]. BARE R, 2022, 28(7): 202-206.

[O1 JE3CHe, k%=, Bufbor, & BEWM- RN eEY)E 5 WigRa kR[], H oM 55 4, 2022(6): 19-23.
5

[10] 188, 2307, TR A EE R ER AR D] AN & 5 %, 2018(6): 18-24.

DOI: 10.12677/0rf.2023.133256 2564 y

>

L

el
3


https://doi.org/10.12677/orf.2023.133256

	机器学习模型在白葡萄酒质量评价中的应用
	摘  要
	关键词
	Application of Machine Learning Model in Quality Evaluation of White Wine
	Abstract
	Keywords
	1. 研究背景
	2. 研究现状
	3. 数据来源与指标设计
	4. 模型简介
	4.1. Logistic回归模型
	4.2. 随机森林模型

	5. 描述分析
	6. 模型建立
	6.1. Logistic回归模型
	6.2. 随机森林模型

	7. 结论与展望
	参考文献

