(System Simulation) (Markov Chains) (Fuzzy
Theory) (Highway Traffic)



Abstract

It has been an important issue in vehicle flow management as traffic was tending
saturation on Chung-Sung highway. The situation is getting well after second highway
starting service. But, it still congested on holidays and on some commutations. Thus, a
simulation system to imitate the flow variations on highway is urged for government
institutions in making traffic regulation policies. There are many techniques practiced for
vehicle flow management, including neural network, fuzzy theory, Markov Chain, regression
analysis and so on. The traffic between two ramps resembled the flow in a pipe section with
much more interactive actions. Since the correlation between two cross-sections has quite
high dependence, that Markov Chain is a good choice to simulate traveling speed on highway.
Our research uses Monte Carlo method to simulate flow speed based on section density of
vehicles. At each speed scale, we summarize the section densities with a distribution function.
The factors in calculation of section density include current density and speed, speed at next
time point and on-ramp flow rate. We found the observed data followed by a normal
distribution. A set of Fuzzy rules is developed for controlling ramp metering. The input
variable included current speed, change rate of density and on-ramp flow rate. The simulation
results showed that Fuzzy ramp metering rendered better service quality than both of no

control imposing and fixed ramp metering policies.

Key Words: System Simulation Markov Chain Fuzzy Theory Highway Traffic
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FREQ FREELO KRONOS CORQ SCOT CORSIM
INTEGRATION WATSIM...[Yuhao Wang & Panos D. Prevedouros, 1996]

(4:30 - 7:30 PM)

1. (Macroscopic Model)

(Microscopic Model)
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U(o,1)
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(Flow)



g=k*u

,1999a]

2000 / 1500 /
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(Measurement Procedures)[Fred

L. Hall,1996]



— (Occupancy

(Intelligent Transport System)

(Continuity Model)

Lighthill ~Whitham [M. J. Lighthill and G. B. Whitham,1955] Richards

[P. I. Richards,1956] LWR
LWR

LWR



LWR

2.
3.
U(X,t) = U [K(X,1)]
X t u(x,t) Ue[K(X,1)]
k u[k(x,t)] (Steady
State) U [K(X,1)]
ki.ko,...ky
(V/I C)
A F V/ C 1
2 1 80.15
F 10.5 E 2
C 3 75 25
1.
(120KPH) (100KPH)
A <0. 35 <0. 30 <0. 36
B 0.36 0.54 0.31 0.49 0.37 0.54
C 0.55 0.77 0.50 0.69 0.55 0.71
D 0.78 0.93 0.70 0.8 0.72 0.87
E 0.94 1.00 0.85 1.00 0.88 1.00
F >1. 01 >1. 01 >1. 01

[ ,1990]



A B C D E F
1] - [ --|--]--]2.9dp.6[a198. 1389/20. |eaw. 65[/80.15{365 | 15
2| - [ - [ -- [--]214p00 00| - -] - -- -- - |21.p4
3|70.82[746[3- |[--| - | - | --]--]--] -- [2442]|2564|95. p 4

(D
) 3)

[U.S. DOT/FWHA,1985]

1. (Single-Entry Metering)
=180~240 veh/hr (3~4 veh/min)
=750~900 veh/hr (12~15 veh/min)

900 veh/hr
1000 veh/hr

(1
2) ( ) )
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3)

(4) :

(5)

(6) :

(7)

( )
(Fuzzy Logic)
(Fuzzification) (Inference)
(Defuzzification) 3

Fuzzy Control

n ¥
%[ Fuzzification Defuzzification ]%

Input Variahble I Control Action

[Fuzzy Eule Base]

3.

Slow Normal Fast

(Member Function)

If (u is Fast and k’ is Negative and g, is Small) then metering Increase More

u k’
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dr
Negative Small

Urow(75)=0.5  Unormal(75)=0.5  Upast(75)=0

Increase More

-12 -

n;

np

n;3

Fast

n *nz*n3

Max-Min

75



(w)

(k)
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1 0.620735673 | 0.670028025
0.620735673 1 0.623963484
0.670028025 | 0.623963484 1
3
4
u; Up... Uy p1
P2... Pn pi pitp2 pirtpat...tpn pitpat...tpa=1
u(o,1)
3. (speed data)
1 |date time varchar 24
2 |sec26 s - numeric 3
3 |[sec27 s - numeric 3
4 |sec28 s - numeric 3
5 |[sec29 s - numeric 3
6 |sec30 s - numeric 3
7 |sec31 s - numeric 3
8 |[spacel varchar 1
%
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9 |sec26 n - numeric 3
10 [sec27 n - numeric 3
11 |sec28 n - numeric 3
12 |sec29 n - numeric 3
13 |sec30 n - numeric 3
14 [sec31 n - numeric 3
15 [seq no numeric 7
4. (spd_change p)

1 |sec from varchar 2

2 |sec to varchar 2

3 |spd_from integer

4 |spd_to integer

5 |hit integer

6 |prob numeric 5,3

1
U(0,1)
1.
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72

3.
4.
5 2
slow 80
negative
big

90

7
(Poisson Distribution)
8
Qin
9
normal 98 fast
positive 4 small

IM IS NC DS DM
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1 |Fast Negative  [Small M Normal |Positive |Small DS
2 |Fast Negative  (Big M Normal |Positive (Big DM
3 |Fast Positive Small IS Slow  |Negative |Small DS
4 |Fast Positive Big NC 10 [Slow |Negative (Big NC
5 [Normal [Negative [Small IS 11 |Slow |Positive [Small DM
6 [Normal [Negative |Big NC 12 (Slow |Positive (Big DM

IM: Increase More IS: Increase NC: No Change DS: Decrease DM: Decrease More
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(Markov Chains)

I iel I
P ( )
1l —no (4}
3
= ( g 1 1)
() | i)
= 1) L..f"'l 1/2
172 013
4.
X0 X() )\
X, Xa X0,X1,...Xn
0.62 0.67

(Monte Carlo Method)
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(Deterministic Algorithm)

u,(1) for A< p ()

(=)@ Br BOSA<RQ

u,(n) for p(n-1)<A< p(n)
U =uU,—-Us,U()=u,—u,', i 1 n
A U@,
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U(0,1)
f, (A)=
u, =
A U@O01)
1.
2.
3.
4.
5.
6.
7.
70

u,(1) for A< p,(1)
Up(2) for p,()< A< p,(2)

Up(n) for p,(n—1)< 1< py(n)

, Up(i) = o

Slow 80 90 Normal 100

-20 -

1n

Fast

70

80



Slow

fxp

/
/

Normal

i

90

Zo-@0  Xo  Hyed
£ix)
s | |
I I
[ [
l I
I |
Ho-do o # My tay
5.
(@)
negative positive
6

N\ ]
f(X:X0.-a0 a)=
| ( 0-ao 1) -
| 0 otherwise
: yd

g(x: %0 X a0 a)=

100 Normal  Fast

[Ray-Guang Cheng & Chung-Ju Chang, 1996]

X—Xo
ao
Xo —

+1 for xo-a0< X < Xo

+1 forxo<x <Xo+ai

X— Xo
ao
1 for xo < x < x1

+1 for xo-a0< X £ Xo

Xi— X
+1 forxi<x<xi+ai

0 otherwise

X0=X1

(u) k)

fast normal slow

small big

221 -



plu)

slow Normal Fast

Speed
70 "0 a0 [ 00
6.
6
Pyon(U) = 9(u:0,70,0,10)
Prorma (W) = 9(u:80,90,10,10)
Prag (U) = 0(u:100,999,10,0)
(y)
IM (Wim) ™M
max-min
e Premise Control Action
T 1 a v

{ g |
I
T,
| s
|
I
|
'
|
'

(1]
- - o | N N .
| T,
- -h"i I.I| i ‘ i i
' x { atlpid
o RN | BT -

7. max-min
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(Wi W)
(Wim) (Wi Wis Wie Wos Woy )
[Ray-Guang Cheng & Chung-Ju Chang, 1996]

_ (IM_-w,,, +1S.- W+ NC_-w, + DS, -wWyg + DM - W, )
(VVIM +VVIS+WNC+WDS+WDM)
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4
U Vi
6
k] k2 kn P11 DP2... Pn
p1 pitp2 ... pitp2t...tPa pitpat...tpn=1
u(0,1)
7 A
B A
B P1 P2--- Pn p1 pitp2 ... pitp2t...tPa
pitp2t...tpa=1 u(o,1)
0.26%
4.3%
8 3
10 ( 5)
11

IP
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3.

4.

1. 4:30 7:30

2. ProModel ProModel

PROMODEL (http://www.promodel.com)

3.
4.
90.8 89.5 982 4.15 396 3.25
1.
2.
20% 40%
3. 6
1.
2.

-25-
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up
u u
u; (prev_differ) u, (post_difter)
up
u Uz
k;(n+1)=k;(n)+ {CIH (M) —q,(N)+g"(nN)-g" (n)}/ L
q?n(n) q?ﬂ (n) n n+1
ki J L ( )
slow normal fast
plu)
mlow Mormal Fast
speed U

e i a0 95
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2. negative  positive

pik
hegative positive
kl
e 3
9.
3. small  big
p(Qs)
small hig
1 8 Qx
10.

4' pslow(u)
pnormal(u) pfast(u) (IM IS NC DS
DM) NC 4,6,10

WNC

5. max-min

(WM Wis  WNC  Wps WDM)
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2.

1. PowerBuilder

2.PowerBuilder (SQLAnywhere)

3. 120
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2.726
1.976

1.866

14.574 1.169
2.025

88.28 84.1 95.06

5
8591 67.74 91.15
76.78 78.59 75.75 1.696
Qin
9

87.87 73.44 91.56 1.843 38.368
72.83 7547 73.9 1.832 2.167 2.467

8
0.941 7.451 2.646 67.32
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69.3 67.08 1.355 1.874 2.382

(V/C)

——
—.—
11.
H02|.L1=l,l2 H12u1¢ |85 0=0.05
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P[(Xi - X»)-hw< u, —u, <(Xi—-X2)+hwl=1-«

2 2
hw=t 3,3
asynon
2
s’/n+s’/n
df = ( 22

3T (2] oo

8.82 < 11 — u, <10.102
8.571< p, — 11, <10.011
7.897 < g1, — 11, <9.438

0 Ho M1 M2

4.857 < — 1, <6.167
5.428 < p1, — 11, < 6.903
6.011< g, — g1, <7.627

0 Ho M1 M2
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12.
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l. June 1990

2. ”? ” April 1999
3. ” ” November 1999
4. ? ?

June 2000
5. ” ”

June 2002

6. ” ” June

2000

1.Ray-Guang Cheng & Chung-Ju Chang (June 1996), “Design of a Fuzzy Traffic Controller
for ATM Networks”, IEEE/ACM Tranactions of Networking, Vol 4, No. 3.

2.Lonnie E. Haefner & Ming-Shiun Li (1998), "Traffic Flow Simulation for an Urban
Freeway Corridor", Transportation Conference Proceedings.

3.Fred L. Hall (1996), “Traffic Stream Characteristics”, McMaster University.

4. M. J. Lighthill & G. B. Whitham (1955), “On Kinematic Waves: II. A Theory of Traffic
Flow on Long Crowded Roads”, Proceedings of the Royal Society: A229, pp. 317-347.

5.Laurent MAGNE, Sylvestre RABUT & Jean-Francois GABARD (May 2000), "Towards an
Hybrid Macro-Micro Traffic Flow Simulation Model", INFORMS Salt Lake City String
2000 Conference.

6. P. 1. Richards (1956), “Shock Waves on the Highways” Operations Research, Vol. 4, pp.
42-51.

7.Yuhao Wang & Panos D. Prevedouros (July 1996), “Synopsis of Traffic Simulation
Models”.

8. U.S. DOT/FWHA (1985), "Traffic Control System Handbook”.

9. U.S. DOT/FWHA (1989), “Manual on Uniform Traffic Control Devices”.

10.http://www.iot.gov.tw/chinese/ency/plan/highway/H-content.htm

-34 -



50 65 0.1 &5 60 0.12
50 60 0.7 85 55 0.4
50 55 1 85 45 0.73
55 65 0.12 85 35 0.9
55 60 0.44 85 30 1
55 50 0.7 90 60 0.1
55 45 0.9 90 55 0.4
55 40 1 90 45 0.7
60 65 0.1 90 35 0.9
60 60 0.4 90 30 1
60 55 0.6 95 45 0.18
60 50 0.75 95 40 0.46
60 45 0.85 95 35 0.9
60 40 1 95 30 1
65 60 0.12 100 45 0.15
65 50 0.52 100 40 0.4
65 45 0.82 100 35 0.8
65 40 1 100 30 1
70 60 0.1 105 40 0.12
70 50 0.5 105 35 0.44
70 45 0.8 105 30 0.76
70 40 1 105 25 1
75 55 0.12 110 40 0.1
75 50 0.24 110 35 0.4
75 45 0.5 110 30 0.7
75 40 0.8 110 25 1
75 35 1

80 55 0.1

80 50 0.2

80 45 0.45

80 40 0.75

80 35 1
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-5 -7 0.02618 -8 -9 0.01754 -6 -10 0.008
-5 -6 0.03665 -8 -7 0.03509 -6 -4 0.016
-5 -5 0.0733 -8 -5 0.05263 -6 -3 0.04
-5 -4 0.08377 -8 -4 0.07018 -6 -2 0.072
-5 -3 0.11518 -8 -3 0.08772 -6 -1 0.112
-5 -2 0.20942 -8 -2 0.10526 -6 0 0.168
-5 -1 0.28272 -8 -1 0.12281 -6 1 0.232
-5 0 0.35079 -8 0 0.15789 -6 2 0.336
-5 1 0.44503 -8 1 0.21053 -6 3 0.456
-5 2 0.53927 -8 2 0.2807 -6 4 0.6
-5 3 0.6178 -8 3 0.38596 -6 5 0.712
-5 4 0.71204 -8 4 0.45614 -6 6 0.84
-5 5 0.80628 -8 5 0.61404 -6 7 0.88
-5 6 0.91099 -8 6 0.73684 -6 8 0.888
-5 7 0.93717 -8 7 0.82456 -6 9 0.936
-5 8 0.95812 -8 8 0.85965 -6 10 0.952
-5 9 0.96859 -8 9 0.91228 -6 11 0.992
-5 10 0.97906 -8 10 0.96491 -6 12 1

-5 11 0.98953 -8 11 0.98246 -5 -8 0.01163
-5 15 1 -8 14 1 -5 -6 0.01744
-4 -8 0.00415 -7 -7 0.01075 -5 -5 0.03488
-4 -7 0.01245 -7 -6 0.03226 -5 -4 0.05233
-4 -6 0.02075 -7 -4 0.05376 -5 -3 0.09884
-4 -5 0.03734 -7 -3 0.10753 -5 -2 0.14535
-4 -4 0.08299 -7 -2 0.12903 -5 -1 0.20349
-4 -3 0.12448 -7 -1 0.2043 -5 0 0.2907
-4 -2 0.18672 -7 0 0.23656 -5 1 0.40116
-4 -1 0.24481 -7 1 0.26882 -5 2 0.48256
-4 0 0.29461 -7 2 0.37634 -5 3 0.62209
-4 1 0.38589 -7 3 0.47312 -5 4 0.76163
-4 2 0.50207 -7 4 0.56989 -5 5 0.86047
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7. ( )
35 85 0.34 35 80 0.1 35 95 0.35
35 90 0.58 35 85 0.3 35 100 0.67
35 95 0.714 35 90 0.5 35 105 1
35 100 0.955 35 95 0.7 40 90 0.3
35 105 1 35 100 0.9 40 95 0.6
40 80 0.23 35 105 1 40 100 0.82
40 85 0.51 40 75 0.2 40 105 1
40 90 0.75 40 80 0.4 45 80 0.1
40 95 0.915 40 85 0.55 45 85 0.4
40 100 1 40 90 0.7 45 90 0.7
45 80 0.26 40 95 0.85 45 95 0.85
45 85 0.62 40 100 1 45 100 1
45 90 0.81 45 70 0.1 50 80 0.18
45 95 0.92 45 75 0.2 50 &5 0.4
45 100 1 45 80 0.4 50 90 0.7
50 75 0.11 45 85 0.7 50 95 0.85
50 80 0.23 45 90 0.8 50 100 1
50 85 0.46 45 95 0.9 55 80 0.25
50 90 0.73 45 100 1 55 85 0.5
50 95 0.911 50 70 0.1 55 90 0.75
50 100 1 50 75 0.2 55 95 0.88
55 70 0.08 50 80 0.4 55 100 1
55 75 0.21 50 85 0.6 60 80 0.33
55 80 0.36 50 90 0.8 60 &5 0.5
55 85 0.592 50 95 0.9 60 90 0.7
55 90 0.839 50 100 1 60 95 1
55 95 0.94 65 75 0.25
55 100 1 65 80 0.5
65 85 0.7
65 90 1
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20% 40%
60 19 52 65 87
62 19.5 51 64 85
64 20 50 62 83
66 20.5 48 60 81
68 21 47 59 79
70 21.5 46 58 77
72 22 45 56 75
74 22.5 44 55 74
76 23 43 54 72
78 23.5 42 53 70
80 24 41 52 69
82 24.5 40 51 68
84 25 40 50 66
86 25.5 39 49 65
88 26 38 48 64
90 26.5 37 47 62
92 27 37 46 61
94 27.5 36 45 60
96 28 35 44 59
98 28.5 35 43 58
100 29 34 43 57
102 29.5 33 42 56
104 30 33 41 55
106 30.5 32 40 54
108 31 32 40 53
110 31.5 31 39 52
112 32 31 39 52
114 32.5 30 38 51
116 33 30 37 50
118 33.5 29 37 49
120 34 29 36 49

10
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10. (rule base)
1 [kind varchar 1 5
2 |speed varchar 10
3 |d_change varchar 10 fast, normal,
4 |ramp_flow varchar 10 slow
5 |control varchar 10 negative, positive
small,
big IM, IS,
NC, DS, DM
11. (var_group)
1 |var name varchar 10
2 |var_group varchar 10
3 [start_point numeric 4,1
4 |stop_point numeric 4,1
5 |start_edge numeric 4,1 Xo
6 |stop_edge numeric  |4,1 X
a0
a]
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