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Abstract

Quantitatively assessing the satisfaction of new energy vehicles is of great significance for promot-
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ing the development of new energy vehicle industry and future energy transition. In this paper, we
use python to crawl the review data of new energy vehicles of BYD and Tesla brands on Au-
tohome.com, and perform LDA topic modeling analysis on the unstructured data; and propose a text
sentiment classification algorithm based on Stacking integrated learning for the structured data to
understand the satisfaction situation of each attribute. After comparing nearly ten homogeneous
algorithms, Catboost, neural network (ANN) and random forest (RF) with the best accuracy are se-
lected to construct a multi-base classifier, and logistic regression (LR) is used as a meta-classifier to
realize sentiment classification of structured dimensions of cars, with a high final accuracy of 95%.
It was found that car-buying experience, model selection and noise problem are neglected user con-
cern dimensions in structured data. In terms of satisfaction, BYD’s overall satisfaction is higher than
Tesla’s, and both perform poorly in the interior. In the future, attention should be paid to the design
improvement of the interior part to enhance user experience and improve user satisfaction.

Keywords

New Energy Vehicles, Satisfaction, Ensemble Learning

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 5|8
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DAL 200 R S PR S o (RS PR P 6 i R P P AU ) B LR R R 3, o S T P P R S R 1 L R
FRbR, A0SR T BN I B HEAT SE PR IR (T T R B R R AT BAL . BB AR SRR S,
Y L W28 R A b SO CHT P 2R RN ) H 22 48 2 o WF OO SR A% 8 1A R AR R 5 T P A A
&G, AL VP SR O 5 S BT HETH P R % Tl 2B ok, I BAE RO RS
JE_E SR 0% A5 B FL A B A R ok SR HL B AR AR S RS s e TR T, R AE M P 32 2 FREOG
SRR ANE4]

FET I, AR REIRTTAE LR PPAR T F2 40 B 15 O DAL AE U VAT RE IR A R (A 2 Atk T
LRI EESCA R 7 AT, BE S BT REVRIT A Ak 1A P R D SR BEVRI A4S 2 JE X 7 R R,
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SCANE 2> BT (Text Sentiment Analysis) /& SCASZHR K — R BARN AT, BRI SCRFZ I I ERRIER
KU SCAR IR BT, PR IAZH, XA R ORI B SCARBEAT 200+ AREE . IR0 AR
FIRLAR[5], BRI AT ik . ARG 7 PPRSE SO b i Bt . T 1
S8 M AT LA RO SCAS 17 i 4 AU AT 4230, DAL ™32 I 3 5 AR AR P P W A 4 B A
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TEHAT SCANE B AT I A 350 23 0 70 2 T Bl K vk o B an AR AL b, Maite 5201 )3 H T —
FpSEFi7 S 1) SO-CAL J5ik, GIEETFahias, XRVPE OIS, RASI 78%IHERF[6]. HT
LY 2 A 3T P 2 32 ] B R, TR U T W 2 (2023) B T — el A SORUIN 4 AR
&N SO IR B B E A R ENE, SR TR B A, THRR T s R M, RIS 5 SO
IHTERLE AN BIRE FIRE T 7. 4%MHER R (7). A B AL S 2 S TR AT ORI IRy 35, A
5] (AR 2 2% 2] 7 S B AE AL 3R S 1) 23 SRR 55 vh B A [E] R It S5 Rk . 91 in 5 A& 45(2018)
WFFEE MR S T R L I R 3, F2 9B AE 2R A il VIR 5080 IR0 A AN 3R DU Jir 20 SR A AT i il nl, e &Sl
85%IREMM 8] T A I I 20 & 2 A HLAS 5 S BRI T 77, A4 RE RS SR A L s — TR B S
AERIVERE, TIEVE 24500 T SEI T RHE GEpL A5 2% S B ARY [ Bk o 497) e JE 45 (2020) B2 tH — i 1) B A 2
SRR 4G o S SCHAE S AT IR, B 9T R IZ AR AL BT DA AR B AR 28 & M B IR E IR IS 2
HAER 2 mh 83.2%, T AR I, SCRpmENLEAE GEHLAS 5 SR 9]. AN, FESCARTHIR KM
WEFCA R T SEEUSE INVR AN FAE SRR 2 FH BUIR B 2% 3] o R MR TR FE 2 ST B DU B 46 X 48 5 0 S 4o
Mz E, Hri LSTM (KEHICIZ ML) @ T M2 1 —M, 2 AR R85 mz—.
W45 (2023) 18 F BILSTM BEAL LASRHURIE S« TP i SCA S Ay 55 2, ST 92.5%11)
AR, AHECIZ R EARERL, $RTHT 8% FAE[10]. M LIRBFFh R, IR S ST 0z ST TR
CERA OB SRR, B TERIE SCA S U RSN R 175 R4 P 15

] 6 175 A 17 43 8 T 00U 32 A TR AT R AR AR . BT REEVR EATIL R, AT R
LFth TR PR TR R IRIR E BRSBTS FF G R B BOE R T Re IRIR R AT
I3 AT LA B 23 AR AL S A MR SR . H BTV IR 28 B 43y 4 M Ah Bl 5 AR S5 R AL A P
X G R EE BRI TR R, Y8 B R A5 (2022) IBHL = KIR 25 3l T R BT REVRVAAE DV RBVE R, 1 il 2= 1 R S
] 2% 0 P S5 T R 25 AN Tl S AR IR FE S . P S MR RE S DT THI[ 11 ] X S R AL B O 2
Shu £5(2022) 5 72 HL 2538 9 717 3 Hh & PR IER R JRUR: , %o A A B4 H B TR R PE IR IR AR 45 4 AL B
AT ZYERE . ARIFE NLP 2047, JF7E BERT #5784 FSCHL 0.91 HIHERAREE[12].

GAKRE, MRS EGR TR S, LR )RR S 2 ST AT SO B 2R AT B A (1 4y
FARAR s MALER S ] SRS ) B AT IS, PR 2% S AU AE b 3 =l 45 A SCAR BiHfs 8 R 4 S A A M
BT AR SCAE AT 175 186 o0 S 32 B S S5 A A B FL S T8 i T B 0 IR DA B A 2 1 3 2 R o) R R 1 2%
&, AR5 S TR DASE I SO B4 8, JRT ik e R 4 RS . T H TR S AT R AN R
FUBIIE W K, ABRDEPERREIRIR AT, RSO BT RIS M B S M R, RAXC
ARAZE TR A F % SIS RO AN [F] SCA B (19 B B N 4 PR R P R I AL . 4098 T A B AR
R TE ], & TR RS AR A7, 70 8L T 24U 38 SCk
3. SCEST R

HRTTELVE IR/ MM SRS M08 AL, A 0 S B Rl e @, AR SO 3 T 923X
PRSIV IR o 0T AR50 E E1T LDA @A, DARZR LRI 38 X T4
HBEAT BT HLAR 5 ST I B ) 732, DARE &A@ M B AR il s s . Bk s, w2, MH—4
WIZRERE AR LS 2 2] 0 REVEAT ISR, @t BB A5, IR AR 1 I o i 7Y
(1 REREAT I A A AL I P BRI UG , ik B R U B R e 28 (I I o0 R AR AT AR IR 432K
B, BANFERCARATIE R, HRIGERMER, IRIGIER & AR A i 2 il = S L.
3.1. BiiEfEE

i H Pycharm TEHUR AW HATB B B G “YRE2 K7 ERDEBEIRI A DR Ve Bs st
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Table 1. Crawling new energy vehicle models
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3.2. YiETALE

f8 1 Python XS #dle b A7 FUALER . 55, T RERSCART RFIRAT 5« AR mi A5 A0 7 4 0 75 gl DA
LESMESHRME. HK, a5 TRERERMER e E M E, g Tit. 225, A Jieba TR
RS AR SO0 SCARHEAT 70 m], g SCAR 3 Dy Bm] BT . B, fEH] TF-IDF R SCAREE R SAL, Hefoh
HEM R, DUE S S L2 S kAT 702K

3.3. SSmiAEHREL

FESCAKE T, RN RS SO A% O A GBS B B2 R, R HAR A - W AN 1 J it
[ R B o 3 0] ANV 3R S 00T, R DARIE SE (S P SR B kA A o AT T3 i T i
MR AN R BVAR SOAR AT AR BR 5, X AC S F PR SCAEAT RS, JF 2 WA TS Hh B R A
BRI, e HCHEA BT A R, ek 2 FoR . IXEETA AR RENS ELULHE I 7 AE AN R IR T R HY
Rk i, it (S O BT AN R R S S 0 SRR

Table 2. Word frequency for comment text

2. PR AIESN G AR

EEAE itk R
W SR N =9'&N Wi AN
EAA A4 A EEi A A4 B A EEi
W 18500 NTD=3 15052 S 623 JRE 360
A 12114 7 7418 = 551 ENTP=3 342
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TR . A, R WRIE SRR RN, FERERE AT ] R SR
RIAE, ST PO bl AR A JE A TR P T DL R SR R I T A T AN R A

FERF TR VR SO R, SRS T, P 3 R AT A BRIk fE L SRS
RIVFRTRIHE, Rl xt 78 BAEAIVE R AN T 0552 o DB s KR 25 5 sk, =S 1a), 3h /4,
SR T OSBRI E AN 2 B AR IR O R PP A SR, AEANBERT I, ORI AR R
AR PEA TG L SEFURE AT JRHEARIR] . PO SO S5 5 T R B 38 7 v AR 6 AR A ) A8 T ) R
WA R A S R B JaHE. WRSE, SR R T R R AR R AT IE L . SR RE AT
W BB US55 AR — A RS 4 -

3.4. LDA #5358

LDA (Latent Dirichlet Allocation) 3 A% A 2 — Fh e T MEZR 1) SCA R T %, H T ASCAR B b R I
TBAE A . EARRER O 2R AT, S0 S 2 ARHER . i HriElE o Am,
LDA REMEAE S SCA 1 3 R A AT AR AN 328 R RFAE ] 73 A . ESH LDA B, @ik £ 2 0 H 2,
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Figure 1. Diagram of trends in thematic coherence
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KSR A ARGE A A R HEAT LDA UM, &AM S R & 3 fros, Hptd 12 1,
BN EE RS BCESEATN 10 MR . B Topic 0 A6, MHXIFL EE SRR IENE . B EHE
RV BRY, XEERHIERA ST E VA S, IR iZ A9 &R & . UK Topic 1-Topic 11
SAVVAZNY: BRAFREZ . ETERE . BROVALE . VRO EL . TZEARLS . AR MR . AL AR
iy, A 0E .

Table 3. Overall subject headings matrix

3. BEMIREM

F FHET]

Topic 0 FFETE JERS B RCR ThEe BB KRE R 2 U i
Topic 1 S (FRS fwAE & B OKK KA 8 —Rr R % ME
Topic 2 AT ae By By WO KA R ORI m O e Rl
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Topic 5 VA 22 AR AN IRE IR O WOHE KRB A A
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FRATREE, FEHETE. RO ELREN S, WEAR IR EE N3, A ZaEwiE el
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Bl S I BE AE £ 2 AR Y B P9 D S B b A v 1 2R 4

LDA ZE U A ] LA B BA T KB B SCAR S h 3R BOF R G5 50 1, Dt — 2D M B Ak SR 14
R4 AAE DAL A o SRR LU A A Bl T BT S e S B A A R K o 5 R P PR LR AT BUACER
TG AR ARG, | D TR 30k 49 g R ) RS TR 5 I AR SR S A A 4R FE TP ORI T 7 R O E
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Je TR 55 KA 23 TN R, RN SE R 1 BE AR T RE YR T 3 IR A R £ 4 R i
M REBEA S TR, — D IEFR PRI R KRR . B ReliR 4l 5 K i sh sl &
g6, MO TARGURI Aok UL, EAEAE BAT EARMINE KT, BERSERTH T M BRI 5 &7k . BRIt
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Figure 2. Diagram of dissatisfaction & satisfaction theme consistency trend
E 2. FMRB&HEEE S E

AN SCANIEFE 10 MR TR, ol e SOAR e $% 13 ARy iRl A, A Al 3 i) S RS Ak i)
WIR42 4 PR

Table 4. Satisfaction & dissatisfaction subject matter matrix
* 4. BRI HBEEAINER

ES RHE 1]
B ThRe HB ) Az KE T RS BRE R BHY
g BE i R A Bhy R DI bl RE B
Bt 2 A R Bt BUE ST R ER I b
¥4 il L1 I S = i T 0 Y E A NS R G %) AT =
s POz KRR BTREVR AhAE BCE A R A R
A A e ~H M OJRE B R ZiH mE
BRI S SO BEIE R B AR IER 5 KRR W BHE
k& KR BRI XA WA A IR M mORR
7] B R T RE W R A AR T iR
B ) RS JaHE ST R AL R SR KV fEY)
A B RER JHUE Kt A &P R b 2 fRe
2 27 R RE K HE Ik R BmE A
B U By R R R RZ B AR EE AR
TR FHL M (=% o ik SR S BEER HARe i
JAE Ty JRE AR M7 Wi R B Rl JCR WM
JRE Ay RS ReRE JEHE A O e B Thee EOR W
s L] I JEHE JERAE R EEHE A Rk M7 — s Ak
SR B G O ~H SR O AR WRIE R 2 ER
T T O RE ONRE RE T B s A KL A
U B B R R RGOK B W ORE
FEH B ST e ST SN T DA 1 S S e 4 i
SRR e A R 0 K W7 &4 F -l e
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AT IR TR R T R YRR AR RN T R R T THD Y B SRV R FEANTRE DT, P
HRE A BT AN DR SR 7 EPE, SRR 1 OIS AR e MR BT P ) SR R BRI AL, (R B AR P O R A
WIIREWARE BT . AT, G 5 R R AN A 23 TR R SR B A, R P A3 = AR T A TR
Mo SEMTRE TR REAT RO AR A, R E AR, SRR RE R S MOAE . SRR
FEIR VA S WA FIM B AN 2 SR P A EE R R . AR, EWERT7E, HP R aelk
IRIEEME RERHIESS T 7 ARV, G R4 B b DhRe A0 = Ft i . I PR RESRAS T IA W], FH %
ZEAR B I e SR B 77 R BN R . WU, B NS R AR, AR TR P R E R 4 EE
P RS2 MRS 77 SR E AL LR TR R A R], #R F P AR R R OB A
b, T B 0T R 2 AR I R ZE A A 1 B ) TR TR VPAN t™ B T R BRIV R A BN AL .

XF i R S AN R AR RE, AT LA BH P ISR 2 5 T, FH P 2 SO0 eI R A B Re R
PEREAIBETE EROIHT, X EEHORE BT AU R S AR I, AAT,  HEE R i Se BRI, gk, R
EFIPERIZE A PG L, A5 S0EE 2 [A] o 3X 48 S 45t T i3 R SR g2 Bt K, e AR R 1 S AR,
WA 7 75 BT AN B I8, DA AR B ) A 75 SR I T BEAR IR S
3.5. 1ERR

HATHLES 7 >0 5 TR N T 15 B4 BT DL RSO 73 6 o WLER 5 20 3 S8 38 T LUK B0y e s (an
C4.5. ID3 FIBENLARIR) B TR T E N THEINEE ) Guit2: > T iECUnAh 2 DU o 2888 2
TS A3 R A (0 k AR SCRE M L. H ATANEE DU 20 2888 . SCREm ENLAI RS BT Z T
ARG RIFFR[13]

AR, SRR BN AL 5 S R i D R 22— o SRR ) TURLES 2 S BOR &5 5 31—
AT A v, DU 55 B AR (B A 7 2R B A L3R i M e . K2 BUER By 21 T Al B — R 2 o) ok
A RFE R FE S 2 B, BT B o) SRR TR — M AR . A — SRR e e o) B, IR oI R
B2 FhAS R ) SR AR B[ 14] 0 H A JE 0 R4 v Lo AN A 7 e i, 45 Voting #5272 . Bagging B4
%+ Boosting $& £ Stacking HE S5

EREEET, BRI —AFRNEE, ol H B AR E s Al £288ET, &
AP RE T IR 2 R EBENR B AR . ZHEEN— IR e X g B H 2 — e, B
JIr A A R0 RN B DT R AR A2 —FE R o N T BRI AN I R, AR IR S, DR R A AR R SR v ) A
ANFEH) . BRER—MIE NI, ENGENA RN LT IIZAME R R 3. N T 3R E
AR, KM T HEHRE . SRR SRR E S DL N> 17 2%, e TR . IRTHER
—MEERE-FNERER L, BEERMER, e —MELNER, Ho & e pi g iR Ey ik
HAT SR . N T IR R R AR, AT LR T R O R AR IR T 7 2 HIRCE . B SR TV
TIMEBRZE, 774 T R HESIVENE —Fh RS ST HOR, 18 o KA 2 A0y A
HAE—#E . FEANN KA T R BN GREE AT NI ZR, SR 5 SRR A i LB A R e X To R A 3471
o HARBAET, WLMED RS EAEA RN 7 S BEIEIF, TR EE 8 e AR T 51— R AL AR o
LF e, AN A A B R R A S R SRR 15].

3.5.1. VRERR

TENLER S ST RPN AR R A DU BB, KRR ARTION A 1E 28 BT iE#i(True Positive, TP). £ H K,
FEREA T A 1 ISAE TR £ 1% (False Negative, FN) A28 28, KR ATy IE 2R (H T 48 % (False Positive,
FP). FLA1ZKE, MEFEA TN A 1SS AH 0N 1E 7 (True Negative, TN).

HER 2R (Accuracy) 38 BT AT T IE A BORT 5 4 SR A KL 7 40 L o
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TP+ TN
Accuracy = @)
TP+FN+FP+TN

K551 % (Precision) t Y ZEE A, RI4R IR I o5 VR0 08 IEREA I 2 By L, BRI 1/ B R A A
HE 2R HIERIEREA.

TP
TP + FP
HIEIH (recal ) Y E 42 3, BIAT 2 /b IEVEREAE IR AR R, #EAT 1R B IER KA, &
EIEREA H LR .

)

Precision =

Recall = TP (€))
TP +FN
F1 {EAE N Precision 5 Recall 34 &5 & k2 J5 BN 8 A SR B R B3R P9 /5 H .
Fl= 2.P.re01510n )
Precision * Recall

3.5.2. r3EREE

S T B i 7 R B AN il 7 4 FE PRI P8 29 T D T I 1 i A B a5 91 43 Jlid o 1 0. 8
AL 5 BRI G 2:8 IELEIRI IR SN, Kl R Bty NREAY, Il L 0 25
B, BRIV ARRS . BRI, KR A DU, KOEAR. EREIE . RIERRN AR 4 5
PAERNFEY I, WHARTNE MBI, $EEE Bz LR T, T B0, DL Rl
iR

Table 5. Model performance comparison

5. REREXIEE

HEWE Paeat Precision Recall F1-score Accuracy
WM DT 0.8683 0.8817 0.8749 0.8739

WiEEH LR 0.9342 0.9509 0.9425 0.9419

bz T (2 1) 0.8954 0.9486 0.9213 0.9189

AhER DU (25 ) 0.9366 0.8091 0.8682 0.8771

K #7458 KNN 0.9555 0.6735 0.7901 0.8210

FHZE 45 ANN 0.9246 0.9173 0.9209 0.9212

bagging FEHLARAR RF 0.9136 0.9493 0.9311 0.9298
Voting RF. ANN. LR (hard) 0.9332 0.9539 0.9434 0.9428
RF. ANN. LR (soft) 0.9329 0.9360 0.9344 0.9343

Boosting GradientBoosting 0.9035 0.8741 0.8886 0.8903
xgboost 0.9237 0.9245 0.9241 0.9240

LightGBM 0.9190 0.9365 0.9277 0.9269

CatBoost 0.9329 0.9313 0.9321 0.9322

AdaBoost 0.8977 0.8861 0.8919 0.8925
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R
Stacking @ RF. ANN. Catboost 0.9376 0.9466 0.9421 0.9417
® LR
(% &IE ML) O RF. gii{ Catboost 0.9438 0.9498 0.9468 0.9466
RF. ANN. LightGBM
© ® IR ' 0.9349 0.9471 0.9410 0.9405

1¥: stacking KBS T, O DAL, @ R mds.

TEARFFEH, X AR R T VETE SCAR 2R ERROR, Bk Ran B35 5 fioR. HhBr s —ind
Ab, AL WL Rk Boosting #5%4!; Bagging i FEFENLARMAE MK Voting EFEFANLARM . FHERILE
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Figure 3. Satisfaction by dimension
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