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The Modeling of Vehicle Trajectories and the Comparison
of Delays at Signalized Intersections

Student  Yun-Chu Chen Advisor Dr. Hsun-Jung Cho
Dr. Guey-Shii Lin

Department of Transportation & Management
Nation Chiao Tung University

Abstract

Signalized intersections are the locations that convert each approaching traffic
stream into merging, diverging, and intersecting movements. Such locations will
become the bottlenecks that may further degrade the traffic system due to dense
demand and/or worse signal installation. Delays have been long term known as one of
the most important indices in evaluating intersection control performance, for instance,
the level of service and/or signal timing design. It is seen that most of the past
research had widely applied the stopped;delay. as a basis to estimate some others such
as approach delays. Unfortunately, this may sometimes lead to a higher estimation
error. With the above consideration, this study is.intended to explore and measure the
other term, time-in-queue delay, for intersections using the graphic method supported
by field data.

Because most of the delay models were devel oped based on stopped delays and the
traffic characteristics may vary greatly between countries, directly citing the existing
models, approaches, or specific research results for delays may greatly deviate the
true value in our country. Thus, this study first analyzed some key elements of delay
time with which the analytical delay model could be formulated. Secondly, the
location of each vehicle entering and leaving the signal at each time slice during the
study period was traced and recorded. The trgjectories of al individual vehicles were
then plotted to verify the model validity. Finaly, the analytica model was directly
used to estimate various delay values for evaluating service quality and traffic control
alternatives at intersections.

Based on the analytical model, a simulation program was developed in JAVA in
order to generate successive vehicle arrivals and record their corresponding
trajectories when approaching the signal. With the data recorded, the stopped delay,
approach delay, and time-in-queue delay to individual vehicles could be estimated
separately. The ssimulation results showed that the three estimated delays were fairly



close to those collected at sites. A series of sensitivity tests also showed that the
time-in-queue delays are larger than the other two. In addition, this study also
discussed the drawbacks of using time-in-queue delay when special conditions such
as long distance travel approaches, extremely small deceleration rate, and high
approaching speeds occur.

Keywords: Stopped delay, Time-in-queue delay, Approach delay, vehicle traectories,
Time-space diagram
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252 @BV =004m/Ea i dPERT A RS EFFUEFE
D,(#5/2) | D(£/2) | Dy(#i/2) | Vi (= < 1F))

P E R 504
B EPFF=154) 29.08 37.66 32.54 11.09
BEPEE=254) 18.84 26.94 20.34 10.88
BEPEE=354) 12.44 19.75 14.54 8.59
LA E R 60
HEPEE=154) 38.50 47.30 42.04 11.16
BEPFF=25H 25.20 33.56 26.99 1153
%P =354 19.13 27.52 21.28 10.15
% P =45 ) 13.10 21.23 15.16 8.38
FHER T0H)
BEpPFF=15%) 48.36 57.58 52.18 11.17
BEPFF=25H 31.64 38.53 33.77 12.23
BEPEE=354) 25.14 83.60 27.65 11.22
BEPE =45 19:37 28.02 21.45 9.74
G pERF =55 ) 12,16 10.68 15.39 8.01
P E R 804

GEBF=154) 58.33 67.62 62.20 11.16
BEPEE=254) 38.02 46.22 40.31 12.66
BEPEE=354) 3058 38.97 33.65 12.05
S pER =45 ) 24.49 32.98 27.27 10.92
G pERF =55 ) 19.41 28.07 20.07 9.69
% % P¥ =65 ) 12.67 20.62 15.40 8.08
FHE R O

SEpr=15§) 69.62 78.94 74.58 11.17
S pER=254) 45.18 53.28 47.66 12.90
$EpFF=35%) 36.64 45.16 39.88 12.48
S pER =45 ) 29.78 38.08 32.34 11.75
% EPFRF =55 4) 24.68 33.04 26.24 10.50
% E P =65 ) 19.38 28.28 22.48 9.25
BEBE=T5§) 13.08 21.34 17.58 8.27
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%52 2@ gV =004m/pa & 3 &

BT IR SR PE R ()

D.(#;/2) | D,(#3/2) | Dy(#3/2) |Vi(=2/F)
£ & 100 4
SEpEF=154) 81.06 90.58 85.06 11.02
SEPERE=254) 53.34 61.38 56.88 13.11
SuEprE=35% 43.32 51.42 46.22 12.94
v =45 ) 37.14 4550 39.02 12.35
% 4% =55 ) 29.76 38.38 31.74 11.54
% % P¥ ¥ =65 #) 24.96 33.78 27.76 10.39
SEPERF=T5 ) 19.88 28.70 22.28 9.56
SEpER =854 13.94 22.80 17.58 8.23
WP £ R 1104
& % pF P =15 4 92.98 102.38 96.98 10.90
GuEpER=254) 61.48 69.48 64.14 13.24
SEpE =354 49.38 57.28 51.58 13.10
SR pER =45 ) 43.48 51.56 46.74 12.63
S pER =55 ) 36,06 44,32 39.90 12.25
% 4% pE T =65 ) 30.16 38.60 34.28 11.69
HuEpERF=T5 ) 25.92 34.96 28.80 10.64
% % pE =85 ) 19.22 2908 22.88 9.56
S EpER =05 ) 13.30 21.98 15.32 7.92
WP E R 1204
& % pF P =15 4 105.18 114,58 109.10 10.98
% 4 pE =25 #) 70.58 78.64 73.24 13.19
% =35 f) 58.66 66.48 60.98 12.81
SR pER =45 ) 50.96 58.92 52.70 13.00
% PER =55 ) 43.16 51.34 46.48 12.76
% pE =65 ) 35.70 44,08 38.24 12.23
HuEpERF=T5 ) 30.70 39.12 33.72 11.58
S pERF =85 4 24.38 33.02 27.66 10.71
% P =95 ) 19.96 28.84 22.50 9.58
% % P =105 #) 13.24 21.64 16.46 7.81
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%53 iV =1000

~ =

A S T

CETARSGBEEFEREFE

D.(f5/2) | D(§5/2) | Dy(#3/2) |Vi (= = 1#))
AW E R 507
SERER=154) 33.58 43.29 37.53 11.36
SERER=25%) 21.48 30.79 23.43 12.61
SEREFR=35%) 17.46 29.20 21.58 11.12
AL & 607
SEpEE=15F) 4497 54.69 48.92 11.37
SERER=25%) 28.49 37.10 30.88 13.17
SERER=35%) 21.58 31.31 26.83 12.45
SEPER =45 %) 18.41 30.84 22.38 10.68
FHERT0F)
& F P =15 F) 57.00 66.71 60.97 11.30
% pE =254 36.92 45.19 39.53 13.30
SERER=35%) 27.20 35.78 28.77 13.08
SEPER =45 %) 22.09 32.04 24.19 12.17
B EPE R =55 %) 18.80 31.35 22.78 10.42
AW E R 807
& FE P =15 ) 69.50 79.20 73.46 11.27
SERER=25%) 46.40 54.62 49.02 13.40
SFEpERE=35%) 35.32 43.52 37.56 13.43
SRR =45 %) 28.14 36.94 30.04 12.98
SFpE =55 F) 22.26 34.60 24.24 12.26
% 5 pF P =65 4 19.28 32.58 22.42 10.43
FHER OF
FERFR =15 4) 81.42 91.12 85.40 11.30
B =25 4 56.88 65.00 59.56 13.23
SFEpERE=35F) 44.38 52.40 46.78 13.63
SFEpE =45 F) 35.26 43.42 37.14 13.39
S EPER =55 %) 27.38 36.30 29.00 12.87
& EPE R =65 ) 22.40 32.34 24.14 12.06
SEPER=T5F) 19.54 30.36 21.22 10.27
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%53 2§V =10004m/p 0 e &

BT R e SRR PR R A B ()

D,(#;/2) | Dy(#5/2) | Dy(3/2) |Vi(= /)

@9 £ & 100 )

S =154 94.20 103.88 98.18 11.22
SRR =25 1) 67.18 75.30 69.92 13.34
% pE =35 1) 53.74 61.58 56.24 13.62
% pE =45 7 43.34 51.56 45.32 13.50
% % P =55 4 35.20 43.46 38.70 13.23
% pE =65 1) 27.66 36.48 29.10 12.79
S PR =T5 1) 22,50 32.90 25.82 12.20
% pE =85 4 10.98 29.32 22.20 9.95
WP £ A 110 )

S pEm=154) 108.02 117.70 112.00 11.26
SR =25 ) 77.26 85.52 80.00 13.40
s =35 1) 62.80 70.74 65.36 13.64
% pE =45 7 53.04 63.16 57.86 13.56
% pE =55 ) 44.14 52.24 47.06 13.41
% pE =65 7 35.40 43.82 37.78 13.27
$RPER=T5 ) 27.70 36.64 30.36 12.84
%P =854 2204 32.56 24.94 11.97
5 pE =95 ) 18.56 28.26 22,04 10.24
F £ B 120 F)

Y pE =15 1) 120.90 130.62 124.88 11.35
SR =25 ) 88.02 96.20 90.70 12.96
%P =35 1) 72.68 80.60 77.20 13.66
% pE A =45 ) 63.84 71.88 66.08 13.45
% pE =55 ) 53.30 61.48 57.00 13.39
% pE =65 1) 44.44 53.56 48.22 13.38
S EpEE=T5 ) 35.96 44.50 39.98 13.21
% pE =85 7 27.02 35.96 32.46 12.75
% pE =05 7 21.64 30.46 25,02 11.30
% 5 pE =105 7 19.78 28.40 22,50 10.12
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% 54 2 gV =1500

~ =

A S T

CETARSGBEEFEREFE

D.(#;/2) | D,(5/2) | Ds(§5/2) | Vi (= 1))

W £ & 50 7
% EprF=15 4 37.10 46.98 41.06 11.47
G EPEF=25F) 23.12 31.98 25.50 13.28
S EPE=35 ) 17.06 28.12 20.14 12.43
YL R 60F)
%Eprr=15#) 49.06 59.00 53.02 1155
G EPEF=25F) 32.12 4052 34.72 13.37
S P35 22.28 31.16 25.64 13.22
S EPE =45 4 18.22 29.76 20.32 11.84
P LR 704
%P =154 62.22 72.08 66.18 11.54
S F=25 ) 41.88 50.14 44,58 13.44
%P =354 30.34 38.58 34.68 13.61

% 7% P P =45 7 22,58 31.72 25.24 13.10
% P =55 4 18.74 30.48 21.16 11.70
W £ R 807

5 7 P =15 7) 7472 84.58 78.70 1153

% 7% P P =25 7 52.78 61.06 55.44 1342

% % PP =35 7 38.44 48.50 42.66 13.80
S EPE =45 7 30.82 39.14 34.78 1355
% PE =55 4 22.80 31.90 25.24 12.94
% % p¥ =65 7 18.02 29.46 22.30 11.82
FH £ A 90 F)

5 % B P =15 4) 88.60 98.38 92.58 11.24
SERET=25 ) 63.30 71.62 66.02 13.36
SEPET=35 ) 49.92 57.96 52.42 13.68
SRR =45 f) 41.02 49.60 43.02 13.61
% PE =55 4 30.52 39.04 34.00 13.35
% PE =65 4 22.72 31.92 25.30 13.09
S ERE=TS ) 18.46 30.36 21.52 11.74
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%54 2 gV=1004ps 2 a0 &

BT RSB F E(Y)

D.(#;/2) | D,(5/2) | Ds(§5/2) | Vi (= 1))
W £ A 100 f)

% B R =15 f) 99.90 109.64 103.88 11.32
FRET=25 7f/ 73.90 82.28 76.56 13.46
SRPEE=35f) 60.16 68.34 62.64 13.79
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LTy
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$ L
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= 17 23 35 42 48 55 65 71 78 85 90
~ 14 | 2 | 28| 37 | 4 | 52| 61 | 69
{ 6 | 23 | 30 | 36 | 42 | 51 | 60 | 66
n 14 | 19 | 30 | 36 | 4 | 52 | 60
+ - 16 22 30 41
4+ - 19 27 34 47 60 66 70 75 80 87
+= 18 25 38 45 51 56 70 80
~x | 18 | 26 | 35 | 42 | 53 | 65
+3 12 20 32
2~ | 17 | 24 | 31 | 36 | 487 |65 | 70 | 75 | 80
+ = 8 15 22 28 37
+ o 19 25 35 45 53 65 72
+4 15 24 29 35 42

=355 | 16.37 | 24.63 | 33.32 | 4038 | 46.19 | 58.60 | 66.25 | 7333 | 77.67 | 8400 | 90.00
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E < )
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B pppE R AL E 84.00 | 84.00 | 82.00 | 81.00 | 81.00 | 69.00 | 32.00 | 29.00 | 29.00 | 33.00 | 60.40
E )
[ S Rr 78.00 | 74.00 | 56.00 | 17.00 | 16.00 | 16.00 | 17.00 | 9.00 35.38
B PR pE A 81.00 | 81.00 | 64.00 | 25.00 | 24.00 | 25.00 | 25.00 | 10.00 41.88
7Y
SRz 76.00 | 76.00 | 77.00 | 75.00 | 73.00 | 66.00 | 56.00 | 24.00 | 18.00 60.11
B PR pE R F 80.00 | 82.00 | 85.00 | 83.00 | 82.00 | 79.00 | 69.00 | 37.00 | 31.00 69.78
e ]
S0 73.00 | 71.00 | 73.00 | 73.00:|172.004 72.00 | 12.00 | 10.00 57.00
B pE R F 79.00 | 78.00 | 79.004-79.00 | 81.00.| 81:00 | 21.00 | 21.00 64.88
-3y
S 73.00 | 70.00 | 69.00 |:60.00 | 39:00 | 24.00.{ 13.00 | 13.00 45.13
B opppE R AL E 77.00 | 77.00 | 71.00 | 69.00 {"47.00 1 44.00:| 25.00 | 25.00 54.38
Y
[ SR 71.00 | 70.00 | 60.00 | 14.00 {-15:00 | 16.00 | 9.00 36.43
B PR PR A 78.00 | 78.00 | 69.00 | 25.00 | 26.00 | 27.00 | 23.00 46.57
¥4
S350 74.00 | 74.00 | 70.00 | 69.00 | 69.00 71.20
B PR pE A F 80.00 | 81.00 | 78.00 | 77.00 | 79.00 79.00
Ly
SRz 76.00 | 75.00 | 71.00 | 70.00 | 71.00 | 71.00 | 63.00 71.00
B PR pE A 83.00 | 82.00 | 78.00 | 79.00 | 80.00 | 81.00 | 74.00 79.57
FL-
ST 77.00 | 78.00 | 79.00 | 78.00 | 80.00 | 71.00 | 66.00 | 67.00 | 53.00 | 25.00 | 67.40
BORPER 83.00 | 85.00 | 86.00 | 87.00 | 90.00 | 82.00 | 77.00 | 78.00 | 65.00 | 38.00 | 77.10
Lo wy
ST 66.00 | 66.00 | 65.00 | 59.00 | 59.00 | 25.00 | 16.00 | 15.00 | 13.00 42.67
B pppE R AL E 73.00 | 73.00 | 73.00 | 68.00 | 69.00 | 34.00 | 26.00 | 26.00 | 25.00 51.89
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