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Abstract

Driving Behavior Safety Scoring Method Based on Internet of Vehicles Data

With the development of economy and the continuous change of people’s life needs, the
scorecard model developed in the financial field has brought convenience to many industries.
For example, banks can use the scorecard model to avoid some credit risks and help enterprises
in a healthy state of development. In the field of finance, scholars have widely combined ma-
chine learning methods and scorecard models with the advantage of clearly labeled credit data,
and continuously enriched the types and applicable scope of models. At present, most of the
research background of scorecard model focuses on the finance and insurance industry.

The well-known field of vehicles, especially the field of Internet of Vehicles, is also rapidly
developing. It is essential to study the factors that affect the safety of vehicle driving, such
as emotion, age, gender, road conditions, weather, driving age, etc. In addition, the vehicle
speed is studied to obtain the relationship between side friction factor and speed. Then, the
driving feature can be classified, which lays a foundation for the depth mining of data and the
construction of user portraits.

It is of great practical significance to migrate the financial scorecard model to the field of
Internet of Vehicles and establish the driving behavior safety scorecard model, so as to evaluate
driving safety. In this thesis, the Internet of Vehicles data in a city are selected to establish
driving behavior scorecard. Through data preprocessing, data preparation for the construction
of scorecard is completed. This thesis first establishes the driving safety scorecard based on
Logistic regression. In the scenario of Logistic regression modeling, the judgment criterion of
predicting dangerous driving behavior is given. Consider the importance of feature selection
for scorecard modeling. Then the MIV feature selection algorithm based on BP neural network
in this thesis, establish XGBoost driving safety scorecard. And the judgment criterion in this

modeling scenario is given.

Keywords: Internet of Vehicles data, BP neural network, Scorecard
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0.00175 H :
0.00150 5000 N
0.00125 4000 -
b
0.00100 a
9, 3000
LY
£
0.00075 g‘
2000 -
0.00050
1000
0.00025
o 4
0.00000 :

0 1000 2000 3000 4000 5000 6000
engine_speed

3.2 G177 An
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Xt T 51 BH E (engine_speed) X AMFAE, XT3 1 B &5 " MR UL, RERHE
£ 1000 - 3500 r/min J& T2 IE AT . —MAEAT B FE o 20 3l AR FETE 2200 - 3500
r/min 245 o TWCER AR S5/ MEA O r/min, e KAE A 5882 r/min, ¥J{E 4 1051.36 r/min,
SEEEERAEXT EL, B AT MBI E LR A EEN . IR R RS — 30 A EX
AMRAER, A BRI AN AT Oy LA AR i, 2t T2 0 VR E A IE s, 5
BAEWFME. Bk, B 3.2 AL BT SR ERE, A0 2 9% 03 H U S A
S, MORAREE, EFEORE .

L]
0.06 - 300 4
0.05 A 250 -
0.04 - 200 -
L
ﬂé_ +
| B
0.03 4 § 150
100 A
0.02 A
50 4
0.01 4
0
0.00 T T T T T T T T T
0 50 100 150 200 250 300 350
car_speed

K 3.3 Al A &

XFTZETH (car_speed) IXMRHIE, 7R 3.3 1, EHHE RN E N 327 km/h, 1X&
ANFTRER . IEF AT ZEEOET 120 km/h SRR GRS, 10 K87 Bl s A 26 B o 1
FE—NEOREBLVE . RIth, 0 BRI 288 B B e o (1 250808 o

DL bl f IR G AT, SR T SR FR A E] 100% [ 3 ANRHE, BT EBNAE
SR, SR I B AL 4 AMREIE, BEAT R E AL 7 MRHE.

§3.2 HEXMTH

Pearson $2 19X R %, 2 )5 Spearman SCHE H SR R K. A& e ia 90 20 & 2 18] 1)
FARERE , e 2t g A 2 Al AP £ 2 BRI . 220 E— /N e gttt 2
Ja, REE T 19 NMRFE. R A SRVER IR 45 R AT 0 A A5 3, RAE 2 B AF AL — RE A 9G5C
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Fo HPARFHTIRAS (right light_status) F1ZE % FXIRAS (left light_status) & BEAHR, %
T# (car_speed) 15| B HFE (engine_speed), 51 %7Kl (engine_water_temperature) FH 4 & IR
(gear_oil_temperature) 2.5 FHK o A SCPRSBE R BRIONARFAE ()35 SCECBURH I 1 5 350M S R 4L
fimer, (EE 2 0 51 22 47 IRAS (first_safebelt_staus) FIEI 25 g 22 4 7 IR A (second_safebelt_st-
aus) ANEA BRI T REAIE SCHBLT A7 72 58 B AH 5¢ R 8. 1X U0 B AR R RECEUM R IEZ
[ AR SR B — R WIS B, BERg X R AL ] AN ]

7% 3.3 HEXMFIE AN

FHIRAE TUFSAH R IR AR R NE VP HEAR
R RBIETER 00<lyl<03 03<ly/<05 05<ly<08 08<ly <10

FIRST_SAFEBELT_STAUS ~.-«xm 0,008 0.00082-0.00054 0.0075 Q.043 Q0095 | 0.7

BRAKE_PEDAL_SWITCH - acr7 -0.cn1 .mmwmmm Qs Qo2 0.0 .00 0019 . . w95 0.0 0008 [08] 0
SECOND_SAFEBELT_STAUS - 0028 ommown.«m 1 -0.0056 -0.0017 002 -0.000760.000B4 0.00043 0.0019. Q0017 0.0017 Q.0024 Q0045 Q008 -0.0014 G 0KOI9

LEFT_LIGHT_STATUS -o.o00sk 0.

10
e anc sraros [ o S ... m,.. o . I
w
:

RIGHT_LIGHT_STATUS -87¢-23
PS_LAT -2

S_LON -0

LAST_OIL -
TOTAL_MILEAGE - &
BATT_POWER - &

o seeeo )
EAR_INFO .
evcine_speeo [

MAINTEN_MILEAGE 0.0 o
ENGINE_WATER_TEMPERATURE .
GEAR_OIL_TEMPERATURE -84 a1s

GPS_DIRECTION .

cluster

mmmmmmmmmmmm
::::::::::::::
——————————
<<<<<<<<
mmmmmmmmmmmmm

qqqqqq
wwwwww
mmmmmm
mmmmmm

C.
Al
Al

wwwwww

SECOND_

K 3.4 AR I6 45 R

X AR R AT 0.8 IS RAT Y, S BEMIBRACEE, (H240d Pearson AHOC Rk
AT HN[44], AFBIEAT ARHIE 8] RIAH ¢ R B A KT 0.8, T LUK 20 W 2 Bk AT Ry
fEZ BIAFAEZ I AME . — GO T, XTS5 sR A SCHE , Wik 3.3 po. o,
BA R AR RE S AT AR SCE AT 2 EIL ML, KM R R, HAEK
FHil B A 2 EILAE
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H1 1] 3.4 FTANE AT RHAEIA] R AR O R &R o 230 Spearman BRFIAG S [45], 193
45 A F AT IOIRAS (right_light_status) A1 55 A k] - IOIRZS (left light_status) LA
N ZE3E (car_speed) F15| 42 (engine_speed), XML 2 [AIFAE Skt . 1M 5] 28 /KR
(engine_water_temperature)F1 45 52 I (gear_oil_temperature) 2 [A] AR LL M. FH5L |,
Zia T ER N ARAL 7] DURIE, JRM 5] Bl 2 (A2 5 B R ERTE, iaEfldE
o MR CHBIGEA, FRoRL, XN AL X =A%, aT ORI T A =t
FHRnrER, DGR 51 E 2 A2 S &R .

D=2W-AR+254d. (3.2.1)

Hrh D oNRIGER, W AW TR, AR Nm-F-EL, d NEIWELR,

TR EARE, PRI E s e A (3.2.) f:

607D+ Veugine
1000 &; - k

Ko, VREE, Vigine NRIIWEETR, k NTIELL, & 5RO,

THE R B R B 0 A, i ax AN &5 AN i g AT % b . AT BARIE,
JZE AR 5 ek K P AN 2 B AT R R TR v BE LA M BRI, R DR 9 Bl SR A 2
e, T E RN R ERZ RN . R SHE ISR W 22 & G B, (H 47
FESL 21

§3.3 BFXERIRES SR
$331 BIFXRBADH

b B B AR TS AL T e AR ADIRAS AT RS AL 2% 23 7 1) Kmeans 582877
X EARE AT AL . 7 SRR R S0 B S AT AR AE AR AE AL AR i, MR HH R AR
VIR AR B XA ) 25 B AT N B8 — 2K . A sklearn.cluster ‘5 A\ Kmeans £, %8 CH#
ZHIHAT IS ﬁf‘ﬁmﬁ%ﬁﬂﬁﬁijﬁﬁxﬁjﬂ 300, By IR GEE, RRFIEFEAN
FUAEIR o B SR G R SR A 9~V T iR ZE NS 7 iR 22 0 R 45 T8 iR 22 o R E i 2R,
SERR R, BRI, B 2R AR AL
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SRR H B2 S BT N RAEAZ BN 7 L3S, XA SR A B8R AR 4 254 1)
RRAE AN EE B2 O R 2 BE B R A E 1 25— 8 123,0510 S804, 55 38 68,1577
FAGRE . RIE R ORIR AL RS PP AL RO T O ZE SRR,
RIS B 20 18] 22 Ve 2, [RINFA N L e 22 e bt a2 A SUR R, ZH A 258 R
A — 5 L o B R XMt — 2P Ui B Kmeans 5828 73 2H 72 nT SE 1

K 3.5 ARG AR EYE R

N TAFERREE Lok, AR CEB M sklearn.manifold 5 A\ t-SNE 4, (t-distributed S-
tochastic Neighbor Embedding), 13 1% 77 1544 e 4 2 [A] B £8h s i 2R AE =5 [A]H, AT
BB R FLERTAAHT H ). MRHE Kmeans FIZRBREE R, F2HHE —4Em A, WK 3.5
B, B4 e 50m T Ak 45 2R o AR £ (AN S 5 i ) e AR B L, 1T DA EDW AR
FVEBAT o U R B IX 7 R .

ST R ST RN, R — R I A FE 42 TE (car_speed) R4071F 2. (gear_info) GPS
J7 18] (gps_direction) 2558 i1 2 477 IR A (first_safebelt_staus) ZE4FE_F A58, AEATH30T
T FR B A 0 T () B RO T ) B A, B2 WE B R S AT A
BHAEAT Bk R v 2 I O3 Rl FE BT R AR A o B8 2R I DA FEL T BT 58 (elec_park st-
atus). il BRI (brake_pedal_switch). & HLith HL & (batt_power). 25 3 22 4= A7 R &
(second _safebelt_staus) SEHFIETS 708 o £ ERIERERS IR I s SR GR B _F & i fe b JF:
SFHE ) 2 Bl ) 22 KA, AR 2 I SR @ AERAE b, AR R0 TIREAR S
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B =F BT AR L

PIPEREFE AR, T BAAE 2 s i v 2 I 51 O AR e AR

X T — R G gn H RO . EERAT E M s, SSEQGER, Bk sl
KR, AR TR AR IR, F R R E SRS DR bR, 8 S T A R SRR, AR TR
SR, ARSIV RES BRI AR, GRS E . 55 R I A
UGS : X TR 5, BRI ST, Bei8 fiemiE] 2 3k 22 4y R, Ok
VES DGR B R br 0 R B 2 S SR 2, S S ST NI R A .
332 BWRAEHFESTES

KSR — N, BASAR T RSN, TSI & S S, 1620t
AT NICERI G AR . FEIX — /N0 5 B 5 2 AT Nl sk o R & B g AT R A, A
BTN T IR S AR R 7 255 A 5

H5, M oscipy RN stats B, RHACEIS 2 B AT Y R R LT IES RS, 193
{04 UTEE 3.4 BT (EHHE 0.05 (KT T, PRLSIAT 005, 7578 T FAEHI
RSB, BIF KRR £ F— A AR, B U pi A
KRBT T TINS5 AR scipy.stats 8 AT IEASEATT 2
FHERIA) levene 7%, AL RN 3.4 R TR, KIRZEIREIRT 0.05, B0
40 AT TP 7 2 U — B0, IR Y — R A AR 77 %
FURAEFEPE . SOREMIA S IR A LA T Lo . B W GR YA KB B, R
IR 3.4 38 SR, XEEASCH B HUCAE T AIE =R AP A H# T,
M H MR IS &5 R o] CUE H, PRI 35 10 2 5 B B A IR R 36 45 SR A 5
FHReh Rprgi R E 3.5 Bt —2.

& 3.4 BYNRGESTIERT
gume Wt E GibE P SRR

F—4 009607 024990 0.21628 0.32210 3.03426

B -0.17906  0.46589  0.21630  0.32211 0.09057

N T B U] BRI SR S B, R B BC RO RN =R L BL R, FFREAT AN
+

foteds, RESEHERRE R BT HEER &S BT VREECEA IR, QR ko)
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AWML L, wta LSS BB, A BAT S B3 A R . BRI, A%
e 2 4T Jic xR o ik

§3.4 FHETLIZ

$34.1 BIPITREHEIREE

Zexd T U Bl ) T S AL, SRR IR 119 NMRFIE. MDY 1R e
BRI PERE, 2B FENLARA . A1 RTE S [B] VA Boruta HIEEATRAEEFE

7 3.5 FHERFER

RF Forward Boruta
car_speed gear_info gps-lat
gear_info brake_pedal_switch gps-lon

engine_water_temperature gps_direction last_oil
brake_pedal_switch car_speed total_mileage
first_safebelt_staus engine_water_temperature batt_power
gear_oil_temperature first_safebelt_staus car_speed
elec_park_status gear_oil_temperature gear_info
gps-lat elec_park_status elec_park_status
batt_power total_mileage first_safebelt_staus
total_mileage gps-lat mainten_mileage
gps-lon gps-lon brake_pedal_switch
mainten_mileage last_oil engine_water_temperature
last_oil mainten_mileage gear_oil_temperature
batt_power

—RRRFIE IR R T 1A B B 45 R R Frig
BEHLARMRAE R B R rh, @ T R AT N TTRR AR S, B oTER{E N 0

RIRFAIE, FE3 3.5 FREZ DTiRIEEE MR BN 25 H o
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[7i) BT3B A2 (B A FE AT RFAE I B R Ik, @ik AN BT 530 B (B R EOAN B 35 (R 2 34T R, FF
AWK ST NFT S BT N, BRIPE R BHGEE B Z AR . S AN SCE R S AT
TR Aic /N BIBRT, ER 3.5 v, FZI Aic BRI 45 .

£ Boruta J7V5HY, BIAT NI HEFF BN TTERGER K . TR AR N 1 S 3HT
N, FRER 3.5 gt

e & =P VI I B AT RN BN 13, 14, 130 Rl /2, Boruta HIEAIFAL
AR IR B S5 A [F], 10 2P R 25 5, L R 7 615 s /g m 7 — 4
GPS J7 [ FIRHIE o 5 Ji AR SO X = M7 iR R R B 45 SR 1 IR AR, B I 45 SRAE N vF 4y
B FE VR, BRI BRI 25 B 3K 3.5,

342 BIWITROHE

RIE §3.4.1 /N HRHEIR RS R, FAREEREN S RA 14 DMERATARRE T
Ko 2T Logistic [FIAM & Z BAT N2 VR B 2 7, N EOR AT woe 1 FEAbEE . T
F2 e EERT NI 2 AT R ARG S T P BR S F, B IV [ ZE KT 0.03 1 woe 7348
IREARN BRI . R 3.6 45 T IV E ARG

< 3.6 1V {ERYTirkEE

v TTHRAE ST

[0.0,0.02)  JCoamkAE )
[0.02,0.1)  F9I#RAES
[0.02,0.03) A5 UTHRAE /T
[0.03,0.1) 55 TTHRAE
[0.1,03)  HEETTHREE )

[0.1,inf)  SRTTERAE T

HI3R 3.6 W0 IV AE AR/ SONE 2 X6 TN PRI DT R AE 77 2R3 TV R I BN BRFAIE
I, BRI S5 5 woe 73RNSR, RIGHEATIERE . RIARYE 25 BURFIEE R — MR I R AE

R, & SRR S = e NS 25 AT NRFIE I TV B AL E R woe 73 FH
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i AL R A B DR KR B PR R, R AR AR 25 BURFALE DT R BE 70 1 BRMELAR R 21 0.1 19K,
M T RAATTRRAE AR 0.1 A AL PEEN B2 PP R iR g AT 1125, HoR DTk
RESIARILE] 0.1 KB BT R Z — Rk . 3% 3.7 MR 3.8 45 i1 70 24 )5 woe (E A TR
FF L [ 25 BORFIEA R N s, IR s i Bk i) S A

% 3.7 GPS KB DHELER

REAIE o<l FANFEAREL oA AReFARNE woefd MM IVIE
gps-lon (-inf,103.0) 70224 32324 0.53970 0.359940 0.012843
gps_lon [103.0,112.0) 163510 59475 0.636261 0.040090 0.000356
gps_lon [112.0,115.0) 111325 35446 0.681599 0.242048 0.008580
gps_lon [115.0,116.0) 140598 63667 0.547170 -0.329839 0.021546
gps-lon [116.0,inf) 248345 82920 0.666110 0.171560 0.009723

< 3.8 GPS HGERHER
REAIE pawic] FANFEAREL AR ABFEARN woefH MM IVE

gps-lat  (-inf,24.0) 75629 23716 0.686417 0.264338 0.006927

gps_lat  [24.0,27.0) 116638 50236 0.569300 -0.240086 0.009401

gps_lat  [27.0,31.0) 129421 46222 0.642855 0.068698 0.000825

gps-lat  [31.0,33.0) 108644 47539 0.562433 -0.268038 0.010941

gps-lat  [33.0,37.0) 98110 34442 0.648945 0.095324 0.001199

gps-lat  [37.0,39.0) 47003 20763 0.558262 -0.284969 0.005358

gps-lat  [39.0,40.0) 64805 19982 0.691660 0.288808 0.007057

gps_lat  [40.0,inf) 93752 30932 0.670066 0.189401 0.004461

T2 AE)E, GPS ZJEMN GPS 25 IX IR ) woe AEABCA AL T 5L R AR
&, ZRERFAEARNE R T, & PN AR 2, A A . R, XSSk
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