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Influencing Factor Analysis of Vehicle Emissions at a Signalized
Intersection Based on Orthogonal Experiments
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Abstract; Considering the impacts of temperature and humidity, grade, medium-size vehicle ratio, bus
ratio, and traffic demand on NO_, CO and HC emissions of car, medium-size vehicle and bus, the
orthogonal experiment scenarios were designed. Using the VISSIM software, the data of traffic volume,
speed and the others were first obtained for each scenario. Then, the emission quantities and factors per
link were estimated for different vehicle types and for different pollutants by combining the VISSIM
software with the MOVES model. The analysis of variance and range analysis were carried out to process
the outcomes from the orthogonal experiments, and the regression analysis was done to acquire the
relationship between emission factor and grade. The emission factors at approaches and at non-
approaches, and the emission factors obtained under various stages were also compared separately. The
outcomes reveal that temperature and humidity, grade, medium-size vehicle ratio, bus ratio, and traffic
demand all have significant impacts on vehicle emission quantities; the emission factor of each pollutant
increases for each type of vehicle in non-congestion when the downhill grade declines or the uphill grade
raises; the emission factors and their change rates with grade at approaches are 1.5 - 6.5 times higher

than those at non-approaches; compared with stage three, the emission factors under stages four, five and
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six decrease by 27. 5% , 38. 8% and 54.9% , respectively. Results show that temperature and humidity,

grade, vehicle composition, traffic demand, whether vehicles are at approaches, and emission stage all

have important effects on traffic emissions for different vehicle types and for different pollutants.
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Fig.2 Studied intersection
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Table 1 Factors and levels

K-
H#

1 2 3 4
R B (-1.72°C,59%) (11.89°C,53%) (25.22°C,76%) (14.50°C, 61%)
W/ % 1 3 5 7
R R i % 0 5 10 15
I A/ % 0 5 10 15
TR/ (Hi-h ) 2 400 3200 4000 4 800
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Table 2 Orthogonal experimental scenarios
ESES
R oac
TR Y/ % TRLELL % NSERH % SGETR (b )

1 (-1.72°C, 59%) 3 10 5 4000
2 (25.22C, 76% ) 7 0 5 3200
3 (11.89 C, 53%) 7 10 10 4 800
4 (14.50 C, 61% ) 3 0 10 2 400
5 (-1.72°C, 59%) 5 0 15 4800
6 (25.22C, 76% ) 1 10 15 2 400
7 (1.89 C, 53%) 1 0 0 4000

(14.50 C, 61%) 5 10 0 3200
9 (-1.72°C, 59%) 1 15 10 3200
10 (25.22C, 76% ) 5 5 10 4000
11 (11.89 C, 53% ) 5 15 5 2 400
12 (14.50 C, 61% ) 1 5 5 4800
13 (-1.72°C, 59%) 7 5 0 2 400
14 (25.22C, 76% ) 3 15 0 4800
15 (11.89 C, 53% ) 3 5 15 3200
16 (14.50 C, 61% ) 7 15 15 4000
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Table 3 Comparison of Dalian and Delaware in geographic information
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Table 4 Fuel parameters
. FHRFEAE, WEESE MTBE (RF &gk BREE FER
RIS . " - " E200 E300
Psi (mg-kg™)  EU/% R E % T % T %
YR 9.86 50. 00 15.01 60. 00 25.00 1.00 26.39 73.19
Il U 5 50. 00
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Table S Results of analysis of variance

P A T H B2 F/10° H ¥5/10° F 4 HEZR K-

Y 228. 63 15 152. 42 4.74 0. 00
HE 280. 04 1 2 800. 44 8.71 0.00
I B 17. 66 3 58.87 1.83 0.00
W 28. 69 3 95. 64 2.97 0. 00

NO, HEif 2 rh R 2 L 5] 6.75 3 22.49 7.00 0. 00
WL 107.01 3 356.71 1.11 0.00
TR 68. 52 3 228. 39 7.10 0. 00
R 2.06 64 0.32
Bt 510.73 80
el 579. 46 15 386. 31 311.51 0. 00
i 3825.77 1 38257. 65 30 850. 74 0. 00
i B 19.94 3 66. 46 53. 60 0.00
Bz 70.35 3 234. 50 189. 10 0.00

CO Heik SRR 5.45 3 18. 16 14. 64 0. 00
ISBEE A 21.60 3 71.99 58.05 0. 00
A2 3R 462. 13 3 1 540. 42 1242. 18 0. 00
RE 7.94 64 1.24
Bt 4413.16 80
el 4.75 15 3.16 265. 02 0. 00
o 13.05 1 130. 50 10 927. 65 0. 00
TR 0.15 3 0.51 42.57 0. 00
e pE 0. 66 3 2.19 183.70 0.00

HC ik i FhALEE L) 0.11 3 0.37 30.74 0. 00
INBEEE A 1.14 3 3.79 317.10 0. 00
AR 2.69 3 8.97 751. 00 0. 00
mE 0.08 64 0.01

Bat 17.87 80
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Table 6 Results of range analysis
AP
(R AR 5 T H — — - 5
I ez ARG AZEFLH AR
K1 B/ g 2496. 15 1252.70 2307.45 547. 55 882. 25
K2 BfEH/ g 1 907. 00 1292.20 1491. 15 1161.25 1 256. 65
K3 M/ g 1171.35 2448.20 1820.30 2170. 40 2045. 60
NO, HE ik &
K- 4 SME/ ¢ 1909. 40 2490. 80 1 865. 00 3 604. 70 3299. 40
W22/ 1324. 80 1238.10 816. 30 3057. 15 2417.15
Herw 3 4 5 1 2
K1 ¥/ g 6917. 15 5786. 40 7 203. 60 6 447. 00 4071.45
K2 HE/ g 6 550.75 6232.20 6 506. 95 6393.30 5564.35
IKIE 3 Ml g 7728. 50 7562.15 6 888. 10 7189.75 7 530. 45
CO HEc &
IKF 4 ¥t/ g 6 465. 00 8 080. 65 7062.75 7631.35 10 495. 15
We22/¢ 1263. 50 2294.25 696. 65 1238.05 6423.70
7 3 2 5 4 1
K1 M/ g 463. 45 311.95 450. 05 274. 60 206. 15
IR 2 ¥l g 408. 55 315. 50 346. 65 317. 60 281. 80
K3 Mt/ g 340. 20 480. 20 405. 05 443.10 442. 60
HC HEjil it
IR 4 ¥l g 403. 35 507. 90 413. 80 580. 25 685. 00
W2/ g 123.25 195.95 103. 40 305. 65 478. 85
Hey 4 3 5 2 1

3.2 WESHHEFEIEFSH

TE[R]—J7 Z& v, g AU 1] G 6 7K - 117 2K P4 [ 3
PPEAT 4 Tk 5 S DR IETE A P31 7ESS T
RIE I 2 B (R, Rl , MOVES 84 i3t

SRR T BLAY , BT LA — PP 5 S R AE A AN [R) 35
JE A A HER A 5, I8 4 T LA X B — 106 7 FE L
B RERTHER A W), I e HA n] HEE A9 HE K
THEAT oM. AR —E N A] (] B N, — 2R B b A2k



$3 ko, 45 . T IERAE MG 538 X O HL8h EHERGE i K 2 400 307
110
101 —0— NO Hejilz —A— COHpit HCHEf =

18

—\é‘ 81 ‘\A/\A 3

g A\‘/‘,,‘ ‘_‘/A/‘ 1 E/

< 1 =

o =

P2 =

fiting:s W% Al

2

5 10 15|{0 5 10 15| &
F a
oo

L Bl% | AT % | SCETR
-h-

HmHEE

K3 HEIKF

Fig.3 Trend graph
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