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A Prediction Model for Operation Speed of Six-axis Articulated
Trains in Uphill Sections of Expressways
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Abstract: The prediction error of operation speed of 6-axis articulated trains in uphill sections of expressways is
large, and its safe operation management is challenging. An Operation Speed Prediction Model (OSPM) is proposed
to address this issue. Radars and AxleLight side lasers are used to collect the traffic flow data of six-axis articulated
trains at five continuous uphill sections of an expressway from Southwest China. Moreover, the actual operation
speed is compared with the results from an existing standard prediction model. Then the OSPM for six-axis articulat-
ed trains in uphill sections of expressways is developed by taking the gradient and the length of the uphill, the specif-
ic power, and the initial speed of the trains as variables. Lastly, an error correction method is developed, and effec-

tiveness of the proposed method is analyzed. The main results are shown as follows: the average rate of prediction
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error of the standard model reaches 25.37%, and the prediction error is relatively significant. The operation speed is

negatively correlated to the gradient and the length of uphill, while it is positively correlated to specific power of the

train. The goodness of fit of multiple linear regression model R* is 0.978, meeting the test requirement. The differ-

ence between the predicted speed and the actual speed is in the range of 2—4 km/h, and the average relative error is

8.86%, which is 16.51% less than the standard model. Considering the influences of traffic density, the revised mod-

el can reduce the error within 1 km/h; the average relative error is 1.08%, which is 7.78% less than the original mod-

el and 24.29% less than the standard model. These results reveal that the proposed OSPM can considerably improve

the accuracy of the operation speed prediction.

Keywords: road engineering; six-axis articulated train; operating speed prediction model; regression analysis; lon-
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0 51 &

F 3 ] v PG e X A b g B A L 1 b Bk
b X TN B B R TE A AT TR B A R ek o %o
FEAE G O s Tl BT ok, 5/NA %
(R 3 25 AR, S EUNR AT A TR B4
AR S I AR BB A TRE ), S B0 Ak T
AR 557K T B DRI A BT g i B o TR 4%
FEMIE A TR T AT S A8 & Rtk
B e B A 2

FEAM R GEMT IS T AR G 1 B AR R A0 44
H. Donnell Ml 1 PR £ b X4 TE 2 F Y 52 450
P, IR TR DR RIESERNRE Y T —&
A1) 1] IS TR fe T 7K - il £ B Ui L R R R Ui A AR
85 MR i Tk . Park 0 i AR £
PRI 2 5 1 DB TS0, AR 9+ T a8 4 T 5 iy
RApAr S A T H S R SRR
David 25 % 1[5 1 28 21 42 11 25 sk e Aty g J3 o 750
TR A B R, A T O R R K
S 28 TR A 1% R TN . Maji SR
B 22 LR BIA Jr ik, BNy T AR 6 4 3
SR I B 1 A TR R B TR P 56 8S RS 98 T 4 ik
JEE TSR . ARE PSR o X O A g L R
o7 b R RE BR R X R A e 2 K KN e B g
e A MRS R A TR A S AT, & IR R T R HLJ sg
FZ kM FEER . R T 6k EE
G A N AN TR0 B I 3 I B 1 o R AR, I
LR B 5 22 10 A S A) o8 T 3 8 R i 44
K. MacFadden %571 OB il 25 X 28 42 AR iz FH 213
T AT 2N I 032 A TR TN 58 v, #E ST T B AT
R 5 T8 LA LR TE 1 56 R AR . Morris %5 V3l 1+
HF 581 Bl 2R RBE S AL A5 X 8% 4281 T BE IS ), &
TR BE 3 X 5% 4258 47 1 R ) L R
Svenson S5y AL %8 SRIADHDRE FE Ik B AR

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

B RXESE 60 t 17 4raa AT BE B R ), 7 [m] A
R IFARE 1 80 His T AL fE . AR A A
JH Trucksim #4/ 1 RHL G )12 iy 40 801 3 27 (17 HL A
B, AR B G3 Wy i A A9 181 7 3 T Dl A Dy 428
AR bR , 75 20 88 B 8 A [ I e B 1 14
IR . SRR R AT T B AR
RATTAT A 52 B S0 SR AN 1) 35 2 22 ) g 5
F, HENT T RN R 25 ik 5% 0 R R AN 7
R 5 T B N 1) S R 2 I B A A OG R ARl
S Cruise FPF07 FUR A RO TCHAE BE , M1
TETVIAE 2%~ 9 ERERSIRBIAIAT R, thi%
TEAEAERE SIE T PR 1249 2 R IR A3k 2 4 el
R E A PG . DL AR S BT IC G 5
UEPSIKE 22 il e A VN 03 138 S e ik B =g A e
SE T A BB S R ) pR BT ] b L X0 i
LBTSH . X AT 142 B 14245 B
T AEAT ) 3 A BRI X RN ik B ) 4 3 B A
PEHA TS

Zi b ENAN S TFaa Ay i B A T T A4 2
A7 T : DJRBIFE R ik ) SE Bz A7 3 8 15 T8 R L9
PRAYK R, I G5 ik ey L )
F TR A RS HEA T 04T, B0, 2 T 4 sh 5
ONTESRATINY IR S g TR S (P iaf D RTTRILIY A
T 2200 1 AR eI a2 o A2 3 At Y S ), R FE AL
PHPER R CRT 4%) W LA, H PRI 5
TR LI AR R BOR A, 6 MBS 4 RO TR AE
HZ AT be £ RIERE 22 R BOR, NI, AR 34k
B ANEY S A i ia A T R, 3l s A T
JE5 U A R SRS AR M R AL B 4
W e Bam A7 B PSR , S22 AR i ] T B S
RGNS B R 3 i B, SR BB R N ) i
PR T DI S K U BE BT S 21T 4,
YRR R B iz A A Y E AR R

[S-E5

http://www.cnki.net



130 E BG4 2022 4E4 W] B 400 A 239 )

Ff 38 2 AR L
®1 AFBRHER

1 BEBOA S Bk 5

1.1 ﬂﬁﬂ: Eﬁﬁﬁ Tab.1 Research section data sheet

PEE PG g 31 X AN BRAE R R B . BRER ESYGLiiR= LS PP PR Am &TE
4K 135.5 km, T 4 80 km/h, % 3L T5 24.5 m. K1669+700  K1670+700 4.944 1 ik
S I B BR I Z A 381 7 R L AR A b L K1673+400  K1674+500 4.94 LT
F 1, HHTE A TR 1. 3 P B v N K1663+802  K1664+752 4.76 0.95 Ak
RIS ELAE VG X A0 T2 %A% K1579+404  K1580+804 425 1.4 i 877
MO TESERERE S iR, AR ST A e ey _KIS9mwoed Kisozooos 4o 13

. ¥ F
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¥
(a) (K1669+700—K1670+700) (b) (K1673+400—K1674+500) (¢) (K1663+802—K1664+752)
F
(d) (K1579+404—K1580+804) (e) (K1591+664—K1592+964)

K1 PRSI A
Fig. 1 Research section topographic map
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Fig.3 Instrument installation location diagram

e
HOGEKMIAL WFIfT 3
ERR LS v
il
Hii2 Ko R
v
KR Yk
A
Werp
PRElE: %ﬁﬁ ! e B g FiEr .
TG UL DR TRT P 3B 38 H AR TOUZEL 1 WLISERI
P4 JERITEEBOBLI i 7 151
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PRPE B HCEBOR, U 10~30 km/hs KOWHEGHE i R iist Fs BRI SRR st 8 Hami e, 24
5 95% ), B K=1.96 ; E N fe iR 22 (i, 8k SR RCL A 9 s I BT S 2 o i 2 S 8 5 ok R Ui
HE SLVFIIR2E N 2~5 km/h,, SIPEIR B 1A AR E IOEUE, I, 24 Skt
ICEAR BE R 95% , TCHE A R 1 3k i B 4 6 1] 14 BERT9 sBf, A TR T H i, R AIBR 4
SN AT A T BBt BRI S B/ NT 9 s FOKICHR TR ZE 0T 1 El RS
24 15 km/h; FLVFRZEL XN 3 km/h, 853353 HR A8 V8 4% I (0 K030 LA &5 S, 240 Hr 3 4h R4
AT B 4 96, FIEFISTARIFFC AL AR S DS TR RE A A K, R 2 A nis
TE R 2 B R 50t , 2 T TR 25 4 780 L T S e L) K1669+700—K 1670+700 35 Jig 4b >y 451 , 15 BH i 45
K 120x3=360 (4) , 75 LR IE 223 VLI AEDRS B2 (1) AT 3 B P AR I AT A R, W 2,

F2 KI1669+700—K1670+700 &b 3§ JiK 3% B 5 Fo 0 06
Tab. 2 Distribution of velocity distribution at K1669+700—K1670+700

FEARM 4341 TR m, R 9, AR 0, ISR p,=0, -0, HRITEL np, X*
[50.55] 7 0.0310 0.009 0 0.0220 54773 04233
[55.60] 8 0.085 8 0.0310 0.054 8 13.653 0 23406
[60.65] 35 0.192 8 0.085 8 0.107 0 26.649 8 26164
[65.70] 47 0.356 5 0.1928 0.163 6 40.738 3 0.962 5
[70.75] 56 0.5523 0.356 5 0.1959 48.772 8 1.0709
[75.80] 41 0.736 0 0.5523 0.183 7 457329 0.489 8
[80.85] 26 0.870 9 0.736 0 0.1349 33.5855 1.713 2
[85.90] 15 0.948 5 0.8709 0.0776 19.316 6 0.964 6
[90.95] 8 0.983 4 0.948 5 0.0349 8.700 3 0.056 4
[95.100] 7 0.995 7 0.983 4 0.0123 3.068 5 5.0374
[100.105] 1 0.999 1 0.9957 0.003 4 0.8473 0.027 5
[105.110] 1 0.999 9 0.999 1 0.000 7 0.1832 3.6430

it 19.3456
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Tab.3 Summary of y” test results

IS pURIE ATy PakioZ TeaE
Yo 7 =19.3456 < y7 (14-2-1)=21.026
K1669+700—K1670+700 W 1 =203874< 32 (15-2-1)=22.362
Bt 1 =182411< 2 (17-2-1)=24.996
P 1 =182432< 2 (16-2-1)=23.685
K1673+400—K1674+500 W 1 =18.963 4 < y2(14-2-1)=21.026
e 1 =17.0358< 7 (15-2-1)=22.362
&7 77 =20.0654 < 32 (14-2-1)=21.026
K1663+802—K1664+752 P 25=19.906 1< 2 (15-2-1)=22.362
Pt 1 =17.5654< 52 (13-2-1)=19.675
ok 7 =19.6852< 32, (14-2-1)=21.026
K1579+404—K 1580+804 P 77 =20.0360 < y2 (15-2-1)=22.362
Wt 2 =19.946 5< 7 (14-2-1)=21.026
Yok 1 =18.7924 <y (13-2-1)=19.675
K1591+664—K1592+964 Berp 2 =19.5658< yo,5(16-2-1)=23.685
et 7 =20.3648< y;s(14-2-1)=21.026
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Tab. 4 Longitudinal slope running speed conversion model
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Tab.5 Comparison of operating speed errors

iaf T/ (km/h)

FeBL INTE LIEVER PN SNk
STIME T R2EFY SOME O BINME R2EEY SCIME BINE RS SO BINE RERY%
1 91.7 8549 6.77 69 6032 1258 532 7402 39.14 507 59.92 1819
2 90.8 84 7.49 683 6578 3.69 513 6028  17.50 41 61.88 5093
3 98 102 4.08 647 59 8.81 585 66 12.82 66.7 61 8.55
4 104 110 5.77 733 80 9.14 69.1 80 15.77 646 80 23.84

IR IER % 6.03 8.55 21.31 25.37
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Fig.5 Change in the proportion of trucks in highway
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1) FRZEMSIERR. LAV, i, L, P HAZ

L DLV, R R T YR B 6 s 4
BT AR B A EE R =0.978>0.5,
] 25 0 5 D B 405 TR R 0T, 3% 2 0k T PR ARG B
{4 1.974=2 , L R AHAR 2 A A% 25 AH H T

2) WS ILAMZW b . A2
W6, K6 AL SRS MEIITE(0,100) , FKH]
SRS P B S e

Fo6 HEMISE AN

Tab. 6 Collinear diagnostic analysis

BOW R RMEE RIS e L= p ,-
1 4.851 1 0 0 0 0 0
2 0.136 5.972 0 0.03 0.01 0 0
1 3 0.008 25314 0.01 0.18 0.01 0.86 0
4 0.005 31.053 0.01 0.76 0.04 0.02 0.21
5 0.001 94.957 0.98 0.04 0.93 0.12 0.79

3) EUERBII T AR BT AL 7, nl A3
IR B 6 R B s AT AR Dy
V,=75.814-0.029%, - 11.411L+8.297P—18.9i (4)

JE  km/h; LRI km; PO LA, Wik i
NPIIE , %
S EARREACE/ VT 0.05, BAREAF] 95%,

APV, NI TUE AT km/h; V) YR 173 4) HEBRZBINAIL XA . MR8 Fyk
F7 ERARBDW
Tab.7 Analysis of regression coefficients
S=RiA] S R E o N 4195% § i ¥ ;L:é‘ St
E%ﬁg e[ Eﬂ:ﬁ%ﬁl FERE TRE S B 1995% ‘E{FIX ] \ AR ‘ kgt
= B PrifeiR 2z TRR BR FEBAG A TRAEE B VIR
C 75.814 4.293 17.659 0 67.318 84.31
% —-0.029 0.019 —-0.057 -1.567 0.12 —-0.066 0.008 -0.676 —0.138 -0.021 0.131 7.627
L -11.411 1.897 —-0.296 -6.015 0 -15.166 —7.657 0.788 —0.472 -0.079 0.071 14.047
P 8.297 0.195 0.868 42463 0 7.91 8.684 -0.132 0.967 0.558 0.414 2.416
i -18.9 0.603 -1.628 -31.322 0 -20.094 -17.706  -0.791 -0.941 -0.412  0.064 15.629
BE 6 Sl i T A Y sy, HEE P AT ; v, 2§ ARSI
V,=75.814-0.029V, - 11.411L+8.297P~ {8, n WEEA
18.9i (R*=0.978) (5) H1 2 (6) T 575 217 A Y [0 A X 152 22 - 4

1 3 (5) AT SRAS B A 6 Sl BcHzs % 13k
SEE B 1 T 1, e AR ISR 0, 7 2550 1 i
TS AT TIUNAEL , 522 1] R PR A Bk 22 - T P AR
Pl RSB A A S A TR (B S 3 A e
AR OB R U YV, 5 L, i, P, VIR
WXF . 5 BRSO Y 6 il R Bce s 42
67 T EER Y AR DA IR b, 18 T TR BRI
IR B

4 SEEUE- SR IE

Ay M SR AR TR 7 S DA RO R 5 W R R
S R AR Hh e s A 2 BOIE I8 1 T R R
P AT BEA TR , AR UK 36 R P AR X R 22 - 2 (.

XA, W (6).

Z|yi_"i
A:i:O

x100 (i=1,2,+-,n) (6)
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AEIE T A TEE o B IE A T R AR R AT
LA ()

= 2A
2

V,=f, P.i,L) (7)
BT W% B I | R R g i K X Ja]

YA SRAT AL P S i A Sl . AN I
BeR BN AR E T A iR T AR 508 i Ht
ELEFE Edie - R TR, ILa(8).
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Tab.8 Comparative analysis of new model and measured data

\ WOREE WS B ‘ P e
5 j“ﬁ R P2/ 0
BHELRER FEAE (km/h) (km/h) Gamh) IR rE g

78 46 50.02 8.74
. 80 46 49.89 8.45

i=425.L=14 64 : . _ . 8.50
78 48 51.99 8.31

8.86

79 42 46.21 10.02
. 76 43 47.22 9.81

i=4.6, L=13 78 _ . : . 9.23
81 48 51.76 7.83

, - A RAT O, LA (12)
V,=Ve ™ (8)

o kAP PRPSEERE veh/km; &, s veh/km;
V', MIBIEIR R km/h; V, W54 T  km/h,

V65 T ASE T Yo 1 kg Edlie 3 JE -4 B AR o )
WA TR B, 45 G B B S R S i 4 AR M R A A 2%
FE(EATRME EAEAY

S B PR AR AR (9) 155

=2 (9)

X b NFEACEE T, veh/km; O B 4,
veh/hs VA IX A2 ZE8  km/h
X )P4 4] 2 (10) 153

2
g

V=V, -5 (10)

s V7, R4 km/h; o, S )F-2) 42 3
WLMIE b2 o
FH U T A5 45 B B IX -3 ke, AR 9
F9 EHRBRIENEERE

Tab.9 Average speed of each section

I R R DR T N 51 B S KA EX T N P[] T 80
BRI o
(km/h) bRz (km/h)
i=425.L=14 6377 6.76 63.05
i=4.6,L=13 61.86 5.98 61.28

A % B 2013—2018 4 45 -2 H 22 1 & o
12 863 vel/d, 5875 (5 1 28.94% . A& Y@ T 42 1

FHEIX, 54 RAE L Al T, s il i L 5 8
LSRN

A 5 108 Y P, I B A R A2 3 ] AR S P
WATRE I E o SRR TRE ) AT AEAE A T RE 4B
IEARE], AR,

C2:C1fffprv (11)
A €, WEEPREATRE ST, pewh; C, N EEA AT RE
71, pewhs fo NI IE R L £ BB
B TEREL, [, WACEA RS E R, HE 5184
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B |
va_1+ZPT(ET—1) (12)
Xob PR GRSl RS B AGE R A B N
ERECES
B BRIUE AT AR SbrE T FRE e R R 10,

x10 BITBEAITERE
Tab. 10 Capacity calculation table

B INITE 23 T gh R
Iy 1.0
£ 1.0
Pi/% 28.94
E, 5.0
Sy 0.4635
C,/(pcu/h) 2000
C, /(pcu/h) 927
H DA b8 AT A 380 4 (2 B % 2 SR S i e M A8
W, AR 11,

x11 BERXEBETE
Tab. 11 Traffic density of each section

Shr KRN i ik

izl IO . Jra 3% iy

g COHEY K HEK,

A (pcu/h) (km/h) (veh/km) (veh/km)
i=425,L=14 64 63.05 1.02 14.70
i=4.6,L=13 78 61.28 1.27 15.13

JFH Edie i J32 - 5 AR R0} S8 i A R 9E 4 48
1E B IR S ARy

k
V,=f(V.P.i.L)e " (13)

2 (13 ) X 00000 B2 70 40 A 748 1 I 11 58 A X i3
2= R 12,

FH 2% 12 AT UL 2 AR DE 5 RS TR T 00 5382 5 9 A X 158
%lizj@{ﬁﬁ%u% 1.19%,0.98%, H/NF 5% , T s
BE 5 SR B A 2276 0~1 km/h JE B LAY, 5 52 Br
PHE A0 4T U AR — B, AR 22 B EE
7 1.08% , AH Hb T ARAB IEAL T AR T 7.78% , A L T
AR RRAIR 1 24.29% , 48 1F J (R A v i 2
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Tab. 12 Correcting the relative error of the model
e i WA RRHEE/ T S WO, BIEEEEE B EEAERT X2 AHXS PR 22
S (km/h) {#/(km/h) (kmh)  WE/(km/h) R OFHIRY% ROTIIEMY%
78 46 50.02 46.67 1.45
80 46 49.89 46.55 1.19
i=425,L=14 64 . 1.19
78 48 51.99 48.50 1.05
1.08
79 42 46.21 42.49 1.17
i=46, L=123 78 _76 ‘_B 47_'22 43.'12 0_'97 0.98
81 48 51.76 47.59 0.85

$eTt . MBIE G BRI PN A5 RAFAEAR /R 2, I
H TR [ RS IR B I EOE BB AT

BH 1 R N 2 5 2B A A S b A
Hh AR A R TR BUAE AT 32 Y LN R
P RLAF, BESE v A R T L 3 % BE 6 il HE X
AN Gt T, SRS A B AR

5 ZhfE

1) I g 1 X R A % 5 A b 3 B B
FHER B A BRI AOR AR T s B 4% 42
AU b TR A T, SR AR T e St
AR IR o A% ZE T i S B a7 S A
RO 3, 53t /0N 2 (1 R 91 T A5 8 5 52 b )
TR 22 57 45 /N, S B 1R 22 AR 6.3% s (HJE K
TR 7 (1 R A TR TN 3k 5 S BRI A T I 25 R
KRR 2 KR T 25.37%, HHE BB B
T E A BRGS0 B TR, LR 6 Sl Bz 4
FAERA ST A,

2) LA BFRET 6 e H 5o 40 4 Mk 5T
X4, AN KB 40 o % A
TEA TR AT T i A B b B 6 Bl RE B
T TR BETNAL R, 5 SR . b s B R R %
BT TR B S B R AAHSE, 5 44 TR
S IEAHOG, THINASETR  A2 [m] AR TR 4G SR R, (H 3%
2ZRKTF 5%,

3) AR T R EACE R T
BRI R 225 R ) E N R . A H a2 Atk
e MR RS T RS 51 A Edie W - EERR %
S I A 3 2 P8 A A A8 30 8 R X AT E A B O 1B
1E J R 455 D AH G 15 22 A L R B IE BRI RE AR T
7.78% , HUAT 1.08% , #E TROKS J& o vy, A AUk B i 4
T, HA e

ZAADEILT A R TR T R A 42 1 S0 5L

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

PRSI, FE0 5 BB BE A TEHRE Ty, X T 4-il
A E AL T —E B BIE SRR W AR AT — 2P
Xt LRI s A7 AR SCRLE BEAT AN SEUEIA ,
R B VT KB HRHEEIE S 5 2
ASCATHAFAE—BE AR, RS T UM LT 5 T 547
B OASCHIEZIE T 6 i EHEBEE I X Fh 4250, R
Henl LA i 3 4l 4 Gl 2 4T WE AR R ZR AR R
Y BRI AT TN R Q) H R RS R T
DILIE PP SE A G a1 T8
JERSSH B L, AT LA S8 ZE 28 KUk
PRI, 3T H B AT R ) S0 5 IR R
TR B YR B B DU T Y, X T AR A

DR TE P, T L T SR TR e R R A T A
S % 30k
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