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Internet private hire vehicle service quality
evaluation based on principal component analysis
and BP neural network

SHAO Chunfu', WANG Jing', PENG Jinshuan”
(1.School of Traffic and Transportation, Beijing Jiaotong University, Beijing 100044, China;
2. School of Traffic and Transportation, Chongqing Jiaotong University, Chongqing 400074, China)

Abstract: In order to objectively and accurately evaluate the quality service of internet private hire
vehicle, the evaluation index system of service quality is established by analyzing the service
process from the perspective of customer satisfaction. Then, in order to eliminate the correction
among indexes, the principal components of cumulative contribution rate over 85% are selected
as the input of BP neural network model by principal component analysis. Further, by analyzing
the principle of BP neural network model, a specific BP neural network topology is constructed.
Finally, the BP neural network model is trained and simulated based on the data of passenger sat-
isfaction questionnaire and compared with the evaluation results of traditional BP neural network
model and SERVQUAL model. The results show that the proposed model is high, and the evalu-
ation error is small which can well reflect the service quality of internet private hire vehicle and

provide a theoretical basis to evaluate the service quality of internet private hire vehicle.
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Fig.1 Service process of internet private hire vehicle
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Tab.1 Evaluation index system for service quality of internet private hire vehicle
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Tab.2 Eigenvalues of principal components

and variance contribution rate
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Tab.3 Factor load matrix
ESi%n [ C2 €3 C4 Cs5 Cé c7 cg (&) C1o cn Ciz
X 0.562 0.696 0.753 0.672 0.678 0.675 0.864 0.887 0.878 0.896 0.851 0.823
X 0.518 0.288 0.286 0.395 0.369 —0.306 —0.207 —0.184 —0.115 —0.235 —0.192 —0.241
X3 0.253 —0.490 —0.349 0.366 0.141 0.396 0.085 0.035 —0.055 0.022 —0.134 —0.132
X, —0.516 0.002 0.198 0.074 0.465 0.245 —0.053 —0.082 —0.106 —0.093 —0.067 —0.046
X 0.273  —0.185 0.098 —0.440 0.244 0.132  —0.148 —0.059 —0.036 —0.086 0.162 0.113
X6 0.093 0.246 0.134 —0.104 —0.233 0.440 0.025 —0.098 0.058 —0.096 —0.180 —0.170
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X, =0.562¢; +0.696¢, +0.753¢5 + 0.672¢, +
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X5 =0.273¢; —0.185¢, +0.098¢c5 — 0.440¢, +
0.244c¢5 +0.132¢5 — 0.148¢; — 0.059¢5 —
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X5 =0.093c, +0.246¢, + 0.134¢c5; — 0.104¢, —
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Tab.4 Sample data of BP neural network model

E My A 1 FEA 2 A3 A 190 A 191 FEA 192
X, 76.589 71.958 79.306 80.542 54.068 59.989
X, 3.636 —0.909 —3.024 3.168 1.858 —0.649
X3 —0.891 —3.798 —0.001 1.018 —1.780 1.663
X —0.208 0.040 —3.965 —0.260 —1.799 —0.949
X5 0.413 —2.060 2.411 0.053 —0.726 —1.324
X 0.267 1.304 2.503 2.397 2.623 0.106
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Tab.5 Performance comparison
of different training function
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86 EE 336 060 1
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Fig.2 Precision curves of training
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Tab.7 Evaluation results of different models

R 03 6 AR SR 1555 BP 1 45 W) 45 A5 7Y SERVQUAL 3T/ 5 #1L7]

BERUE H MIRZE/ % BRI MIXRR2E/ Y% BRI MEIXHRZE/ Y%
1 9 9.378 2 4.20 9.391 1 4.35 9.412 2 4.58
2 7 7.206 1 2.94 6.682 9 4.53 8.599 9 22.86
3 7 7.2519 3.60 7.337 7 1.82 7.328 8 4.70
4 9 8.787 6 2.36 7.608 3 15.46 8.608 3 4.35
5 10 9.999 2 0.01 9.873 2 1.27 9.772 3 2.28
6 8 7.871 7 1.60 7.734 2 3.32 8.221 4 2.77
7 6 5.808 3 3.20 6.078 3 1.30 6.225 7 3.76
8 9 9.134 4 1.49 6.706 0 25.49 7.587 4 15.70
9 8 8.284 5 3.56 7.508 9 6.14 8.651 3 8.14
10 8 8.268 7 3.36 8.616 1 7.70 8.298 7 3.73
11 6 6.145 3 2.42 6.362 2 6.04 6.432 2 7.20
12 7 6.835 6 2.35 7.246 9 3.53 7.3915 5.59

3 &ig

1) M JBR 5 il 3 B 0 A, 3 S I 24 2 IR 55 o o 3T
MR AR A 2R 0 TH BRAE A 18] B R 5 1 L A 32 o3 o3
Mrik b IS F bn 22 Dy 6 A HAN A G 9 25 5 98 b 4

T AT BP fl 2 W 4 30 Fh 45 1, I F U IR B4R
8 % D) 24 2 i 55 I i R AT PE AR o ALl i 5 1L S BP
i 22 X 25 A5 ] SERV QU AL A H X HE AT 801, A 5S¢
i AR BE A8 A S5CHRE i 1% 8 BP 1 25 00 24 55 A g i
SR S AE G B TR 25 R T B W] L RE S



5% 33

HB B AR A T 2 02 20 A L BP 28 2% 14 0 2 26 R 45 5 i T

15

SEBR I 2 4 I 55 T B VT B A AR HE

2) 3 15 A [0 249 2 M A ) 2 A A () i DR A [+
P4 A5 B G T AR SC 0B BB T R 11 A T A% L I 2 4 e
G S A P R R 249 2 i 55 o e B T 0 BN A D DI A
R LRI REAS 22 W T B R W R R R 2
12 55 Jo e 1) 22 S P 6 D A 25 2R B S L T — 2 A X
AN TR B S M0 T (4 0 24 4 i 55 5 R AT P e A

£ 2 3k (References) :

(1] e ) 24 200 1) A% e e W e [0 ). db s Bh B R 2 2%

e Gt 2B D 2015, 31(6): 96—103.
HOU Denghua. Legitimacy and supervision system of
Internet private hire vehicles[J]. Journal of University of
Science and Technology Beijing ( Social Sciences
Edition), 2015, 31(6): 96—103. (in Chinese)

(2] # Ak, M 24 42 B i 48 i (R A BF 5E [T ). 3R ie 5 ko o,
2016, 29 (6): 108—114.

XUE Zhiyuan. Research on regulating amount of
internet private hire vehicles[ J]. Theory and Reform,
2016, 29(6): 108—114. (in Chinese)

[3] MOREIRA-MATIAS L., GAMA ], FERREIRA M, et
al. A predictive model for the passenger demand on a
taxi network [C] // IEEE Conference on Intelligent
Transportation Systems, 2012:1014—1019.

(4] WERENI. 202 AR 42 IR 55 o & 19 T 2 )8 — SR e LT .

BB ARG TR S E2011,11(5):181—186.
YAQO Zhigang. Importance-performance analysis of taxi
service quality [J]. Journal of Transportation Systems
Engineering and Information Technology, 2011, 11(5):
181—186. (in Chinese)

(5] WhARRI, 3R 220, R BRI, 35 IR i LR £ % i IR 55 i i

193 2 AR PE A T[T, KRB RFEHIRGESRERD
2011, 13(2):35—39.
YAO Zhigang, QIU Aihong, YUAN Qiuming, et al.
Characteristics of passengers’ perception of taxi service
quality[]J]. Journal of Chang’ an University (Social Sci-
ence Edition), 2011, 13(2):35—39. (in Chinese)

(6] 5KZ3 MM AR L0 X 3 S0, 45 T ) 3 A7 38 A 3l il PV 4

IR 55 7K S W # 1A R B g bR i S LT ] B4 B AR
2013, 26(5): 148—158.
ZHANG Shaoyang, JIAO Honghong, ZHAO Wenyi, et al.
Traveler-oriented service level evaluation system for urban
taxis and its indexes calculation [ J ]. China Journal of
Highway and Transport »2013,26(5):148 —158. (in Chi-
nese)

(7] AR H 5, T3 W24 4 R 55 o & vF h W 92 [T .
iz, 2017, 33(2):44—49.

RENG Qiliang, WANG Lei. Research on service quality

VN ER

evaluation of internet private hire vehicles[J]. Highways
&. Automotive Applications, 2017, 33(2):44 —49. (in
Chinese)

(8] 2= 75 . o % W 2 BE 48 B PRAF 52 LD, FERIE 45 . N5
Ak R, 2005,

LI Chunli. A study of testing and assessing about cus-
tomer satisfaction index [ DJ]. Hohhut: Inner Mongolia
University of Technology, 2005. (in Chinese)

(o] B kb sk F0a. AL o0 O 6 70 2 B 1 i o 2 4R

AE SRl cBEM AR LRESER,
2005, 5(6): 78—81.
LUO Zhizhong, ZHANG Fengyan. Application of principal
component analysis method in calculating the weights of the
indexes of the highway nodes’ importance[ ]]. Journal of
Transportation Systems Engineering and Information Tech-
nology ,2005,5(6) : 78 —81.(in Chinese)

(107 % B8 pt. 2T 2 oo B i Hh FL 415 B Ak IR 55 I

WEFE[D. 4% . KEZK¥. 2016,

NIE Changcheng. Research on evaluation of taxi infor-

(5 A

matization service quality based on multivariate data
[D]. Xi’an: Chang’an University, 2016. (in Chinese)
[11] FERBE, e MammgE R IMI e . PUA TR &
JiAE, 1998,
WANG Yongji, TU Jian. Neuron network control[ M].
Beijing: Mechanical Engineering Press, 1998. (in Chi-
nese)
[12] 5K3CRY, ST, P, BP M
FLTD. TR RS, 2008, 21(2): 2
ZHANG Wenge, WU Zening, LU Hongbo. Improve-

o 2 B Wt K HG

ment and application to BP neural network [ ] ].
HENAN Science, 2003, 21(2): 2—6. (in Chinese)

[13] ROBERT L, JULES T, JACQUES L. Process modeling
with neural networks using small experimental datasets
[J7. Computers & Chemical Engineering, 1999, 23 (9):
1167—1176.

[14] B ETT, 52 Kiz , Ak 5. 3T BP M4 W 45 1 2k i % iz

s Bt H iRl clzH AL LRSER,
2016, 16(5): 33—39.
YANG Guoyuan, SHI Tianyun, ZHANG Qiuliang.
Railway passenger service quality evaluation based on
BP neural network[J]. Journal of Transportation Sys-
tems Engineering and Information Technology, 2016,
16(5): 33—39. (in Chinese)

[15] ZEMY. IR 45 B & 37 4 SERVQUAL ##) 1 5 K H 4B 1
(1.4 585 ,2007,23(21) : 33— 35.

LI Peng. Comparison and correction of service quality
evaluation models[]]. Statistics & Decision, 2007, 23
(21) :33—35. (in Chinese)



