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Abstract: When the radius of a horizontal curve is no greater than 550 m, vehicles are prone to generate high
carbon emissions. To reveal the rule of heavy-duty diesel trucks’ carbon dioxide emissions on these small-
radius curve sections, based on the MOVES model and using the information related to the road, traffic,
vehicle, fuel, ete. in accordance with China’s actual conditions, the parameters in MOVES model are
modified and set through parameter localization. The carbon dioxide emissions of heavy-duty diesel trucks are
simulated in MOVES, and a carbon emission database of different combinations of horizontal alignments and
driving speeds is obtained. On this basis, first, regression analysis is used to establish the relational models
between carbon emission per unit curve length and curve radius, curve length, initial speed of vehicle
entering into curve respectively. Second, the iterative method is used to establish the prediction model of

accumulated carbon emission of heavy-duty diesel trucks on small-radius curves. Through field fuel
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consumption tests and IPCC carbon emission accounting method, the vehicle fuel consumption is converted
into the calculated carbon emission, which is compared with the predicted carbon emission to verify the
prediction accuracy. The result shows that (1) The carbon emission per unit curve length changes with the
curve radius and initial speed of vehicle entering into curve in the forms of quadratic functions, and changes
with the curve length in the form of power function. (2) The accumulated carbon emission changes with these
3 parameters in the form of multivariate nonlinear function. (3) The MOVES model modified and set through
parameter localization could be used to predict the carbon emission levels of heavy-duty diesel trucks under
actual road and traffic conditions in China. The average relative error between the predicted value of the
multivariate model, which is established based on MOVES simulation, and the experimental measured values
is 6.02% , less than 10% , which proves that the prediction model has a high prediction accuracy, and can
be applied to estimate carbon emission of heavy-duty diesel trucks in small-radius curves conveniently and
quickly without using the MOVES model.
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Tab.2 Comparison of fitting results of R —E, regression model
PREOE R? AlC BIC F Sig.
Rk 0.705 1240.5951 1249.3073 251.317 0.000
TYREREL 0.736 1205.4112 1214.1304  144.850 0.000
SYREEEC 0.736 1206.8083 1218.9007  96.398  0.000
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Tab.3 Comparison of fitting results of V, —E,

regression model

mEEX R AlC BIC F Sig.

BPERREC 0.700 1376.0036 1384.7158 383.420  0.000
YRS 0.727  1345.3204 1357.4542  213.564  0.000
SREREL 0.727  1349.8816 1358.5938 142.128  0.000
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Tab.4 Comparison of fitting results of L — E, regression model

PREOE R? AlC BIC F Sig.

SIEREY 0.735  1541.1628 1549.8751 144.738 0.000
TWREREC 0.727  1545.8172 1554.5294 69.347  0.000
SWREREL 0.726  1540.243 4 1548.9557 48.452  0.000
AWK 0.709 1555.7938 1564.5060 127.775 0.000
T R 0.738  1520.216 6 1528.9288 151.041 0.000
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Tab.5 Iteration history of multivariate nonlinear regression model

AR 522V J7 & a; (&3] Bi B> Y1 Y2
0.1 18 688 496 583 346. 190 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
1.1 4 051 795 406. 509 1. 000 0.998 -0.020 1. 000 0.983 0.998 0.990
2.1 53 745 812. 526 1. 000 0.973 4.179E -5 0.987 -0.065 0. 950 0. 698
3.1 44 599 631. 249 1. 000 0.972 —-6.501E -5 0. 986 -0.074 0. 954 0.724
4.1 37 404 862. 809 0.991 -0. 686 0. 003 0.751 -0.035 0.907 0.737
5.1 21 316 207. 663 0.988 -0.758 0. 003 0. 690 -0.032 -0.371 0. 950
40.1 1.175 1. 255 -2.910E-3 2.681E-6 -6.620E-3 1.160E-4 -1.122E-3 0. 830
41.1 1. 161 1.267 -2.905E -3 2.774E-6 -6.167E-3 1.160E -4 -1.209E -3 0. 815
42.2 1. 146 1.269 -2.905E-3 2.753E-6 -6.167E-3 1.160E -4 -1.479E -3 0. 801
43.1 1. 141 1.270 -2.904E -3 2.737E-6 -6.167E-3 1.160E-4 -1.707E -3 0.787
44.2 1. 126 1.274 -2.904E -3 2.741E-6 -6.167E -3 1.160E -4 -2.019E -3 0. 766
45.1 1.114 1.276 -2.904E -3 2.738E-6 -6.167E-3 1.160E -4 -2.173E-3 0.761
46. 1 1.114 1.276 -2.904E -3 2.738E-6 -6.167E -3 1.160E -4 -2.180E -3 0. 761
47.1 1.114 1.276 -2.904E -3 2.738E-6 -6.167E -3 1.160E -4 -2.180E -3 0.761
48.1 1.114 1.276 -2.904E -3 2.738E-6 -6.167E-3 1.160E -4 -2.180E -3 0.761

I BB NZEM R, AR NI 7R
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Tab. 6 Parameter estimation values and 7-test result
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B,  1.160F -4 0. 000 [0.000, 0.000] ®

yi -2.180E-3  0.001 [ -0.005, 0.000] 2.121
2 0.761 0.081 [0.602, 0.920] 9.395
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AR E o) N AR s EC JpRRHE #E
ity op AEAEHEE

Z% (LA RARITAmEN ) (GB/T 2589—
2008) F1 (HEBEEGEIAES 2017) PR, b
IR P & WS B BUE R 7 s, iR
S B AR R RO 2.6, R A 40 R
1L Sedh, star i 2. 6 kg —SAAbk.

RT HEAKREHERBXER

Tab.7 Information of diesel used in highways of China

REUR B/ PR WBAERRHER S AL
Fl (kg LY (K -kg™h) (t=C-TI ") R/ %
S5 0.84 42 652 20.17 98

T RAP IR I 18 Sy AT 50 %0 G 4 BT (08 D R RO X oz
W
PABRVE 454 1E 107, 438 108 O 550 iE
PeFEF AR/ N TS5 T 550 m A 5l £ g% BEAT D il
Beo WHERM, /NT T 2% BYIE IO i #E
BRHAEROKT- R /N R, BRI ik B
I T 2% , HARBCE L, ATk G 2
TR A5 PRI B 45 2R 7 2R T AR A 1 0 1
AR A LR A AE AR, 28575 T8I E - BRI
AR EHH, A— TR F R A
IR A, SR AT B A BO T A BR 2 w4
SR BE D 0.000 1L, iR 22 /N T 0.5% Y
IDSZ-EP-1-1D 74 S i AE AU 1 R B FE R
R SORPUKR BE AR IE S8 s 32 g+
W IO R I 25 30 5325 B A A i
KB ZORIAIIIE K UROL R 4F, BEBINICH R4
RRERERIROU A, SGE T A BRRES

¥

3.2 REIIE

S PRI AR T 20 A B kAR . R hk
K WU 20T B AR, i
(8) . 3 (9) BeHmAbiE, 51T 8 o Wik
XEREZRAE R (7)) THEH A8 SRR Bk Tt
{H, B UEAE Y A PR E

®8 BHIEWNRABERIE
Tab.8 Accuracy verification of carbon emission

prediction model

R/ Vo/ e S IPCC il BT AR
(km-h™") /L BBk E/ke  22/%
175.0 36.4 208.0  0.055 0. 143 0. 136 4. 84
175.0 38.1 208.0  0.057 0. 148 0. 137 7.59
200.0 44.7 312.2  0.067 0.174 0. 184 5.45
257.5 58.9 350.0 0.082 0.213 0. 196 7.93
285.0 60. 7 423.5 0. 086 0.224 0.214 4. 11
302. 4 45.3 185.2  0.039 0. 101 0.091 10. 33
310.9 62.9 314.6  0.061 0. 159 0. 168 5.93
335.0 58.8 702.5 0. 085 0.221 0. 231 4.63
335.0 65.7 702. 5 0. 108 0. 281 0.271 3.37
376. 4 42. 1 476.0  0.047 0.122 0. 133 8.70
401. 4 78.9 503.4  0.109 0. 283 0.271 4.13
423.0 75.5 156.7  0.041 0. 106 0. 099 6.71
425. 1 72.3 550.0  0.096 0.250 0. 237 4.94
425. 1 50.5 550.0  0.050 0. 130 0. 140 8.01
460. 3 74.0 515.8 0.083 0.216 0.230 6. 49
478.6 81.2 500. 3 0. 097 0.252 0. 265 5.23
480.9 40. 6 696.7  0.041 0. 107 0. 095 11.25
523.4 59.2 459.0  0.055 0. 144 0. 145 0.82
550.0 72.3 702.8  0.097 0.252 0. 244 3.10
550.0 80. 8 702.8 0.113 0.294 0.314 6.75

ST, PN 5 S0 (E AR X R 22 S 2 {E
6.02% , /NF 10% , AT LA R BAT B s i) BRS L

4 i

(1) AROFFELBBHEL, R, 8. s R
PR 508 L R, %) MOVES L5 v i) — 8 7» S 8k
AT T A AL IE S B, 2 REASIE T 3 Ry 5
Pl % 5 2R PF5 A AR

(2) FHZEA AL B E ) MOVES #ERI Sy 1
B LG AEPAR /N T A5 T 550 mo (1[5 i 26 B B 1
B HFE R e, TR EERS BRI T DU ZefAe |
RHEGIRRE . B A (5] i 2 i B i ) s 23X 3 2
WOh A A2 ) 22 TR i HE R AR R
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(3) AT 1 BiHE A FOT 00 ABE B o 4 B

RFEET 6000 mm H BB KT 12 000 kg (95 A
BE SN, R E T AR RS
A Ff Tk — LRI
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