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Abstract: Considering different arrival types which can
represent the quality of the progression, this study developed
an emission estimation algorithm at signalized intersections by
reconstructing the vehicle trajectory based on shock wave
theory and applying Vehicle Specific Power Model. Then, the
delay model proposed in HCM 2010 was combined to analyze
the impacts of signal cycle length and traffic demand on
emissions and delay, what’ s more, the game relationship
between emissions and delay was discussed. Results indicate
that both emissions and delay per vehicle become smaller
when signalized intersections experiencing a more favorable
progression under equal condition. As cycle length increases,
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the per-vehicle emissions decrease while the delay decreases
and then increases, specifically, the higher quality of the
progression, the larger the optimal cycle corresponding to the
minimum delay. The impact of traffic flow on per-vehicle
emissions was found to be insignificant, however, control
delay is much more sensitive to traffic demand than

emissions.

Key words: signalized intersections; arrival type; traffic
emission; delay
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Fig. 1 Vehicle trajectories for through movement
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Fig. 2 Vehicle trajectories for left-turn movement
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Fig. 3 Vehicle trajectories for right-turn movement
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Tab. 2 Parameter values for different arrival types
FA1 O KR FM3 KR4 HAS5 FAe
0.10 0. 40 0. 50 0. 60 0. 85 0. 95
2.2 EHITRYESH
FWHAZ X OF 2 iTsRE, — 2 U
Froesd B HEE i, BB HER , SeslE 5 i Ot
AT BB IE AT AR R ER Y L H R
Ve 19 DU B R B A2 S, TS AV
(audio video interleaved) #& F AU B IR A S 546
BN George 2. 1 o, $R BT X M B35 445 i1 52
Rz AT CELHE A S I A A T3 B L o ikt sl
HEI/NESHO , WA 6. MK HE SR 12 3 25
T IR T S B R B S 15 0 S S
IR FE R /IN A R 0 130 4N) , BRI 3.

b B HRER I
500
L r 1. g ]
0 | |
-50F
£
gz — 100
E
-150F
-200}
2580 680 720 760 %00
FFIAl /s
c SLPREFBITHE

6 FEIMPITHIERESAE

®3 BBHMSHUR

Tab. 3 Distribution fitting of several parameter
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Tab. 4 Different flows for the intersection
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Fig. 8 Impact of cycle on emissions and delay

JE B ZE X HERL B 7 e
3.1.1.1 BiAKAE
Wl R 3 I, ZE 8 HE RS G 22 B s
BRI S, BT AR A FE S8 O, /INER PR 43 2 B Ji) A 452
BB/ L TS B R BB AR K AR iR e,
5 MR 2 KM TRELERESY 3 B HE
TS G W R AR AL sl N 2.
*5 SHBMBEEBERNE

Tab. 5 Percentage decrease in emissions as

function of cycle %

8 CO; cO HC NO
80 47. 46 48. 27 48,09 48,16
100 35.91 36. 48 35. 28 36. 78
120 29. 40 29. 90 28. 38 30. 34
140 24,91 25. 39 23.76 25. 89
160 21,59 22.04 20. 40 22,57
180 19. 01 19. 45 17. 83 19. 99
200 16. 96 17. 38 15. 80 17.93
SER N 20, 62 21.07 19. 45 21,59
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Tab. 6 Emissions’ average decrease rate for all

arrival types %
Ex|prie: Pt COz CO HC NO

eS| 26. 81 27,40 25. 61 27,97
2R 2 27,62 28,16 26, 70 28. 60
HH 3 27. 89 28. 42 27. 08 28. 81
2KE 4 28.16 28. 67 27. 46 29. 01
2R 5 28.73 29,17 28, 28 29, 39
AKEl6 28. 67 29. 06 28.25 29. 26
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Fig. 10 TImpact of cycle on delay

RT ERTUE
Tab. 7 Change rate of delay

1
60 80

Fi#/s L FAB/s TR/ %
80 —22.74 160 5.88
100 —12.25 180 7.39
120 —3.39 200 7.93
140 2.59
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Fig. 11 Delay under different arrival types condition
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Tab. 8 Delay’ average increase rate for different

60 80

arrival type

BAHA  EROPECR/ M || B ERTIRKR/ Y
1 7.17 4 5.79
2 6. 16 5 5.78
3 5. 95 6 4. 86
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Tab. 9 Emission and delay changes under arrival type 3

2% /0
140 24,91 25, 39 23,76 25. 89 2.59
160 21.59 22,04 20, 40 22.57 5. 88
180 19. 01 19, 45 17.83 19. 99 7.39
200 16. 96 17, 38 15, 80 17,93 7.93

R0 FRBAEBFEHHHMENTRGFHEAER

Tab. 10 Average variation rate of emissions and delay

under different arrival types

Bk Hepowd /N / % FEPRIY
B3] CO, CO HC NO KR/%
KA1 19.97 20, 51 18. 61 21.17 7.17
KA 2 2046 20, 94 19, 24 21. 50 6.16
KA 3 20. 62 21. 07 19. 45 21.59 5. 95
K4 20,77 21.19 19. 65 21.68 5.79
Rk#l5 21,11 21, 46 20,12 21. 86 5. 78
K#l 6 21,23 21, 54 20, 29 21.91 4, 86
25 8.0
24 175
X 23 N
22 7.0 5
<21 6.5 K
=
3 20 6.0 §
B 19 5.5 i
= 18 450 K
# 17 &
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15

Exlpre i)
12 HEWFERP T B

Fig. 12 Trend of emissions and delay’ average

variation rate
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Tab. 11 Variation rate of emissions and delay with

flow changing

WE/ FEWHAE R/ Y FERARAL
(pcu=h™1)  CO, CO HC NO /%

5 700 0. 39 0. 38 0.57 0.31 3. 62

6 000 0. 04 0. 07 0.03 0. 08 0. 70

6 300 0. 60 0. 57 0. 88 0. 47 5. 47

6 600 —0.21 —0,16 —0. 36 —0.09 —2.05

6 900 —0. 42 —0. 34 —0, 68 —0,23 —4,09

7 200 0.15 0.17 0.19 0.16 1,20
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Fig. 14 Impact of flow on CO; emission
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Tab. 12 Average variation rate of emissions with

flow changing %
FERH CO2 CO HC NO,
eS| 0.22 0.27 0.26 0. 26
HH 2 0.13 0.17 0.16 0.17
2R 3 0.08 0.12 0.10 0.12
258 4 0. 02 0.05 0. 02 0.05
2HH 5 —0.21 —0.21 —0.30 —0.18
HH 6 —0.35 —0.36 —0. 50 —0.31
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Fig. 15 Impact of flow on delay
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