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Abstract: The automotive industry is one of the pivotal sectors of the national economy, and its quality and safety
issues have attracted significant attention. Due to the high latency of automotive quality feedback, online complaints
from users have become a crucial source of information for manufacturers to identify quality defects. Existing research
primarily focuses on the static extraction of automotive quality defects, such as defect identification and classification,
with limited attention to the dynamic evolution of quality issues. Therefore, based on the characteristics of online
automotive quality complaint texts, this paper applies the latent Dirichlet allocation model to extract quality defect
topics, categorizes complaint texts by topics, and calculates the time intervals and sentiment scores of complaint texts
under each defect topic, simultaneously depicting the trend of complaints in terms of both frequency and intensity.
Since the joint distribution of time intervals and sentiment scores is difficult to determine, we propose a robust bivariate
control chart (denoted as BEWMA-LC) based on rank tests and empirical Copula. This method enables simultaneous
online monitoring of time intervals, sentiment scores, and their correlations for different complaint topics, while further
identifying the root causes of anomalies after triggering an alarm. Using the Volkswagen Sagitar as a case study, based
on the online complaint texts from 2010 to 2021 sourced from the “Chezhi” website, we demonstrate the effectiveness
of the proposed method in real-time monitoring and diagnosis of dynamic automotive quality changes by comparative
analysis with the existing nonparametric control charts.
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N5 R X BRFAE A AL 2 x 296 F:, 52
X

0, =Tk, = Usis-oo Usns Vs Vi) (3)

HX QW, O 8L ERDE S, 21
(m+n) x 2094 8. 515 th O, (1 J7 22 7 K 5t
R, Fox O, P 1) &2 A T R . g X
O, EINFInEA

Z, = (Uorr, Woats - - - s Uomiy Viars Vjaty -« -y Ugnit)

l=1,2.

Bl Z, 5 Z, 26 YT 0%. Il — e RE AN 2 A R &G
T [ A8 Ak T B 3 Ry M W 2 2 RE AR R RS 56 FE AR 1)
Copula BF %, 3t — 0 Hh, o] 3 i 10w, (0 = 1, 2,
vy m) Al v (k= 1,2, ... n) i 2 Ai SR SZEL. 24
Co(z,y) = Ci(z, y) I, upy S5v,,(1 = 1, 2) W73 AT M

SRR, B, oA M & A ARk, TRk, X
=11 =1,2), LA (uow, oty - - - » Uow ) TENZFHHE
A, Ph (0105 Uity - - -5 0 ) VE R GG IR FEA, 5
Lepage JE S G0 1T & Loy 6B Wa 35 o A, 50 A
0 B SHOR R E 4, e U PRI Se T &
Lo, =max{L¢;, Lo}

23 pfEFTE

Li 20 3L F pf 7 iR i T sh SRS Hodm i &,
FF IS0 — ek FE AL B S50, JR4a T N H plE 7
ERIL S FE MR b, Song P BT B SR
W p(E BETE T P Fefid s il 1, T ME RS I — ot
1 #%; Zhang 517 35 15 WRS A1 Mood 4t it-E 1)
plESRH T il dES % EWMA | &, BT W2k
g P B 4 T AR SRR A 43 R T ) . AR SR
5 Song 25T AA A (4 77 vk, JE T BE AL B Bk i
Lepage Sttt & KIpfa, RAADERIT.

step 1: & T 2 % B AR K 30 B A 11 5 Lepage
it &, it N Ly;

step 2: S H R SRIFEAR S, KH LK
5177 5 IR A AR AR R BE AL L m A FEARAE N 25 4
AR, TR B MEARVE R IR A, FBiHH Lepage
Gt

step 3: K step 2 FE 10000 X, 43 Lepage 5t
HEL (i =1,2,...,10000) 2550

stepd: tFH Lok T Li(i =1,2,...,10000)f
AN, A e, WA T plE e /10 000.
2.4 JT EWMA £ Bt

EWMA il B 6 F ot #2 2 500 /M ke B
B I IR TR i, AR X p SR OGS 4 1) A2 4t
i, Wit T —A Z ook fE EWMA B K, il A
BEWMA-LC, H Tl A2 Wik 2 i &4 B P oF
W AR 43 I e 1R B DA B e AT TR S 4 4, LAk
BT VRS IR

step 1: LB T 773k 2 i R 1 S5 1
R, , FEARZE R m.

step 2: BT S FEA T ST AEAR 2 & A
RIGFEA, 55 j MR RN, (5 =1,2,...).

step 3: X T & (5 =1,2,.. )N EIFE, B —
TG ] & W, B EE 1A o B A (Xor, Xoos - -
Xo ) WENSHERERU, B, K5 140 20 NME
(X1, Xjo, -, Xp ) ENRIGFEA W, X (1) tH 5
Lepage Ziit &, ¥ — 03 T3 2.3 W45 P IR
5 Lepage it & X N plE, 10 A px ;. KL, K
TG A W, [ EE 2 A A IAA (Yoo, Yoo, - - -,
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Yo WEAZEFEARU, ¥, 15 2 452 WNHE
(Y, Y, ..., Y, ) EARBAEAW, B0 () 1HE
Lepage it &, 3 — B A T3 2.3 A4 H P IR
5 Lepage Guit &% M ) pfA, i Npy,.
step 4: B H A 2) f1 3), TS HEHEAY,,, M
1 96 FE AR W, T 5 Copula £ Fifi L 55 1 32 BR 43 1 B
O,, RAEH 22 45 H 7 51T 5 Lepage A i &=
Lo, #— DR T 5 23 WA B PIRIT E AR T
plH, I8 ADe,;, FHT I AN 2% B 8] PR AH Q5 44,
step 5: #42 BEWMA-LC £l B A 36 St i1 &,
W fros:
BEL, = max{Ex ;, Ey;, Ec,}. (4)
Horp
Ex;=M=Inpx;)+ (1 = A)Ex,;1,
Ey; =AN—=Inpy;) + (1 = A)Ey, 1,
Ec,=X—Inpc;)+ (1 =N E¢;_;.
K H: NAIEZHL In KR BLey ik I 0 ek 24,
—Inpx,;~ —Inpy;~ — Inpe; 7Rl AT 0 3 A4
Rt Hy v Hoys Hos W5 2G0T &2 Lepage [ pfEAF
e N R ME SR F AT R, Yk B2 R,
E(—Inpx,;) = E(—Inpy,;) = E(—Inpc;) = 1.
I, EWMA G it & VME W N Ex, = Evo = Ecy
=1.
step 6: fifi & BEWMA-LC #% il B 1) I % 1] [R
(upper control limit, UCL), id N H .
step 7: tbE R I Gt EBEL, 5 FiEHI R H,.
Y BEL; > H, I, N5 j MR IR AR g%, 2 i 1K
R R E R, TR kR R S,
NI RSP, RS — MG ISR AR,
step 8: - JGHE il B e R E 5 12 W B O E B
REMS  f ¢ 1) YLSR AR IS B YR . 9 BEL, > H,,
i, AR g — P 3 4N & EWMA Gt &5
HIR H,, &% & EWMA gt &8 Eddl iR, n
X I B A2 B UM S ) BE R A R R, Wl M By
> Hy, By, < Hp, Ec, < H i, & Zouid #2 1
BN ER R AR, AR 2 N B A G E,
MR SRS
3 BN
3.1 HBIEREATRALE
AL DL A SR A m AR ey HAR E B ZE YK A
A, 3% A A VR R P FH R R AL B IR 5%
FE M (http://www.12365auto.com) H T
SCABEAT AT AR, 1 5, R Python Hf#) Requests
JE 9 B € R 5, SREL “ R AGH [ 228 I 2010 4

4 H 26 H ~ 20214 9 H 17 HR &k
SERIL P BOR B, B R SR B AR
B PRI R o) A A A B AR R R A A, 3t 7837
o, W HAHT R EANE, ZSE SN 5015 5% 285, X 5015
SRR S Hp 1 ) R T R R LR R R N 2R34T Jieba
S TR AT A AR, TR AE R R R, IR
A ] B, DLER s o R

3.2 REREGMEEBAREMSE

X CRAGE I 154 I AR R B T Ak 2 )5
P e, BBk R R R, B AR 1.1 AT
Hb A LDA B, B EBANHEENL ~
IS AT IR, K AN A = AN 50 1) — Bk, [RINH43
B E @A A TR R RIR, B AN
6 I, — Uk i oK. R, B E AN EOR 6,
it E AR 6 A 3 RUNE =R A AT 3 49
oA, BRI m” “RIE “AHAE” )
{“BHAE" “DSG” “BEAE” b { U R UK
LT RN ERET . { BT MR
CRALT L {(RRIRT CHVET BT Y. AR A 4y
A BE At b, 4 & SEPR BAR SR SCA A 25 R0 03
W, PRI 6 ANVRZE T R BE T, 4 Sl AR A
Wiy R ZE S AR TEA IR R SIHL I BT
R AT 5.

B B VR TR B 2 S, 0B 2 R SCA
175028 NPRUE S JERG 2, M43 0] R fei ik v A5 (3R
ZEFBAEFIRE R RNV, 4K B A3 o7 & h ff 2 T () 4
LR SCA. 7 — 264 UF SO, R4 T A7 1E 2 Fi
JoR B ), R, A [R5 B b AR B R SCAR T
e B . NIRRT R AR
AT G, 45 R OB HEA 7w 579 % R R
316 2% AR AL 260 25 KPR 247 7% &
WL 161 2% MbAT 5% 145 %%

3.3 B E E R R BT

PR 1.2 AP AR Oy vk, VA B R A
YR SCAS P B[] (5] B A0 AR 8645 43, 78 TSR0 1 I8 o0 B
K H] Hownet 17 /2% 1] i, G035 R A Ik A] B L Y A 1
I L, R AR R R R R R IR R
IR /NX 5 6 NSRRI TR, 73328 “B (most)”
“AEH (very)” “iLF (over)” “LL#E (more)” “Hfk
(ish)” “R A2 (insufficiently)” . AL, 2 W, Ku
SRS A, R4S A SRR SCA, BB X 6 4
2% ok B RLER 73 SN 24 1.84 1.6 1.4 1.2, 0.5, [A]
I 5 B 7S 5 1A AL — 1. #E SO IR Rk, A
BN G W bR A5 B — 8 I 15 K s A
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LA S A TR S B AR HL A R AR AR RS B
v 5 B, A7 IR AR 23 A A 2.
3.4 REFRERBEEBE N 528

X TR VR 2 o0 2 R B 3 R (1 BT[] 1] o 17 Ja
1357, IEHUASFIE FH 20 A6, WIEAS 73 4« Gamma 73 Afi
&, TR A LRSS, 15 2 1) plE /N T 0.05, KB
I 5] [ B A0 A7 A5 20 1 2 38000 A HE LR E . R I, AR
TR T 7 9 e R e il R 4 A 1 A2 {8 1) BEWMA-
LC 42 i) B0 47 I £ 5 b 32 AL g s i) [ i AR 1 Ja
1300 AT IS RS W, VTl AS [R] 42 il BRI TE S Bs o
JFH HR O 0 AR, o BT tH BEWMA-LC #5Hill El 5
LA 45 o) & AT PR B 6 HE, 69 4% © Mukherjee 25
BT Mathur it &% ZJedES HdE K, 0
BEWMA-Mathur; Mukherjee 255" 42 4 7 — K3 T
PH 85 2 B 19 4E 3 30 Shewhart 56 8, T s £ 48
B4R, SCELRIEH, Ak EFE HDSOR
P B PR RE AL, D7 (# L #, B2 T HDSOR 4iit
B T AN It EWMA #2411, ity BEWMA-
OR; MM THIBIREM Z L E G E, H
Liu"™ I Hamurkaroglu 25 w] &1, ¥R 1R B VF £
AFERE X, HEA T Mahalanobis 7 55 1 FE A=
J2 i 8] B RN 5 52 0 AN ARG M 2 —, i
PR o6 EWMA % i B ik 47 W B, i oA
BEWMA-QMD #5414l

B, NEN B LA (ZFEMA), KA Capizzi
2 PR i 4R 2 B0 BE T M i, R R (2
“dfphasel” 1] “mshewhar” BRIk, T 5 H 2 6l i B 1
il B, R 2 A A B R S 4
6 MG PR BRI B T 2B 45 R AR 1) %
T RO S, AR R B BT A R, IO
20154E2 A 6 H ~ 2017 4F 12 A 25 H I 102 %%
PAE NS FEREAR; 2) X T 2R 4 e, 3 TR B 1
il B g 51 G HUA 2017 4E 2 H 24 H ~ 2020 £
6 H 14 HIL 104 X HHEAEASHREAR; 3) X T F /4
AR T, B BT ] A5 R R oR M 2018 4 5 H
2 H ~ 20204 5 H 25 H B8 2230, R
80 X 4 A NS FEA; 4) X T 8K S5+,
BB T3 B 4 A ml DL, AN 2018 4F 11 H 24 H ~
2020 4F 12 H 8 H 1) 94 5 B B H 2 4, vl 1E N
SEREAR; 5) KT LR W2, ARYE P B 1
ZE R 201581 H4 H ~ 201543 H 31 HI
53 X HAEAE NS EREAR; 6) X T E RS RE T 5, B
T BT M st R, B 2015 422 A 13 H ~ 2019
8 H 21 Hik 41 MEIRIEASEEA.

e %A G, M BEWMA-LC. BEWMA-
Mathur. BEWMA-OR 1 BEWMA-QMD #% i & %}
JE SR (RIS FEA) ATEZ 4. #5K (run length,
RL) 7 LA MW 000 5 259 380 42 i) P K i S 4
FIr % IR AR 2L 4, HA IR AR R 555 K (average
run length, ARL), #2& 4 11 isk 2 4 i) o i & 42 ) Pl
REMIAZ 0o Fa bR, 75 SEBR R A, 8 R AR A T L
Jiid, i i e i FE 2 I I ARL (IE N ARL,,
WA 2 R A ARL, = 370.4, %R 0.27% fi%
2R, VAL A R 2 ] FEAE wFe G 2R 42) R I
ARL (i HARL,). ARL, 8/, 421 B0 s E 2 H i
T2 (RS 5 2 bk vy . A SR B I A A2 B = 10,
W EHIEZSHN = 0.1, ARL, = 370.4. 8t 5
RVE A5 0 R B 6 ANV BT R R 3 RN R Y
BEWMA-LC. BEWMA-Mathur f1 BEWMA-OR #%#]
B B4l BR, DL BEWMA-QMD 4% il B 1) F 4%
il & (lower control limit, LCL). X} 7 BEWMA-LC &
B, RS 2.4 545 B PP BT R T A5G
FEAR XS B30 G0 1 {8 BEL,; = max{Ey ;, Ey ,
Ec; YGX (@), U5 g0t 5 byl R, 751%
FEA A4zl R AR, 45 SR 18] 2 B, T 3,
THERBIRE ST 2 EAETLT K (“o0”) BT
W, B 3N EGEN N pET RS A
A0, BRI 2 Lepage it = AHIR K, & —FhimZl
M RBIREAES. N T NG, B 2 i H 2 5k
EEHIR (2 x H,) gt EE 2 x H, (18
Fon, FEHAES 7 . sl ER AR E R &
P VR A b TR 2 DR DR A BT A e A A R
. 76 BEWMA-LC & Bk Mk EE 55, R %
Bt 3 M Egit RS EEHIRME, 8l
AR A 4 FE e v h B B AR R B DG 4 A4 T R
KA. B 3 ~ B 5% 5 A BEWMA-Mathur,
BEWMA-OR F1 BEWMA-QMD 2 fill & {1ty W5 il 45 5,
B 3 R A B A AT L [R5 8 v DA AH
N ) 4% ) BR . % F BEWMA-Mathur #1 BEWMA-
OR & il B, 4K 5% 4o vF 288 ok b 4% i IR H,, A1
Ho N, RIORTEAZFE A 5540 45 1) B R AR X T
BEWMA-QMD il K, 7% 15 5 RIS i &
T FIHIR Ho, MR 152%.

B2~ &SI X T 35 8 AR A
BEWMA-Mathur 1 BEWMA-OR #3 #ill & 76 45 10 4>
K65 36 4 A B IR OR H R %, BEWMA-LC % 1 B M 28
RN FEAFHEREERSE BNFEA, M
BEWMA-QMD #% il I 7E 5 28 MEA s A4 & 5
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