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Modeling and analysis of cyclic linear differential automata for

T-intersection signal timing

CHEN Yang-zhou1, LI Hong-feng2, NI Jin1

(1. College of Electronic Information and Control Engineering, Beijing University of Technology, Beijing 100124, China;
2. School of Traffic and Transportation, Beijing Jiaotong University, Beijing 100044, China)

Abstract: This paper applies the theory of cyclic linear differential automata(CLDA) to the signal timing problem of
T-intersection. A special CLDA model, which is called a switched service system, is set up to describe the length of the
vehicles queue. Under the specified arriving rate and the leaving rate of the vehicles, it is proved that, based on this model
and for a given phase sequence, the signal timing strategy emptying vehicle and then switching signal can compel
the length of the vehicles queue to vary periodically and form a globally stable queue. Moreover, the cyclic formula of
the signal timing is formulated. The presented method has been applied to the T-intersection in Fule Avenue of Huai-rou
district in Beijing. Considering the arriving rate and the leaving rate of the vehicles in a whole day, we set up a signal
timing schedule of multiple periods and performed the simulation using the toolbox CheckMate 3.6. The results confirm
the obtained conclusions.
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(Modeling T-intersection as the switched
server system model)
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Fig. 1 Traffic flow model of T-intersection
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Fig. 2 Three phases of T-intersection
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pi(i = 1, 2, 3).

[8],
, p. q0, q2, q4 3

. ,
: a(q0) = (p1 − p, p2, p3)T,

a(q2) = (p1, p2 − p, p3)T, a(q4) = (p1, p2, p3 − p)T.

, ,
, ẋj(t) = pj − p.

,
, ,

ẋi(t) = pi, i �= j. q1, q3, q5 1
2 2 3

3 1
. ,

, :
a(q1) = a(q3) = a(q5) = (p1, p2, p3)T.

δ01, δ12, δ23,
(x01, x02, x03), x0i � 0,

i = 1, 2, 3.
, T

q(t) = qi, ẋ(t) = a(qi),

i = 0, 1, · · · , 5.
(1)

:
1) , 1

.
2) 1

x1(t) , 2 ,
δ01; 2

x2(t) , δ12 3
; 3
x3(t) , δ23, 1.

1 , .
, :

r0 = (1, 0, 0)T, r2 = (0, 1, 0)T, r4 = (0, 0, 1)T,

r1 = (−1, 0, 0)T, r3 = (0,−1, 0)T,

r5 = (0, 0,−1)T, c0 = c2 = c4 = 0,

c1 = −δ01p1, c3 = −δ12p2, c5 = −δ23p3.

, p >
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.
, T :

1) R
3 , 6 :

{x ∈ R
3 : ri

Tx = ci}, i = 0, 1, · · · , 5. (2)

:
1A) X0 X0⊆{x ∈ R

3 : r0
Tx�c0},

X0 ;
1B) ri

Ta(qi) < 0 , i = 0, 1,

· · · , 5;
1C) δ(·, ·) : ri

Tx = ci, qi+1

= δ(qi, x) (i = 0, · · · , 4); r5
Tx = c5, q0 =

δ(q5, x), 3 .



12 : T 1775

3

Fig. 3 Graph of the switch regulation

2) x(t∗) ∈ X0, ri
Tx(t∗) = ci,

q(t∗) = qi (i = 0, · · · , 4), ri+1
Tx(t∗) > ci+1;

r5
Tx(t∗) = c5, q(t∗) = q5, r0

Tx(t∗) > c0.
, T 6

, 4 .

4 T CLDA

Fig. 4 The block-diagram of T-intersection’s CLDA
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(Stability analysis and cycle formula for sig-
nal timing)

,
[6]
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1 1)
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2) tk

:

x(tk+1) = Akx(tk) + dk, k = 0, 1, · · · , (3)

:
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p2

p2−p
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p3
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− p2p3

(p2−p)(p3−p)
,

γ2 =
p2p3

p1(p3−p)
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+
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1
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√
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i=1

xi,∀xi ∈ X0, T t

. T
, V (x(T )) = V (x(0)) + M(T ) − L(T ),

M(T ) = aT ,
L(T ) = p(T − (δ01 + δ12 + δ23))

. x(T ) = x(0), M(T ) =
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T =
p(δ01 + δ12 + δ23)

p − a
.

4 (Example)
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, 6:00∼23:00 ,

; 0:00∼6:00 23:00∼24:00 ,
, 6 .

5
Fig. 5 The whole day’s traffic flow of each entrance in the

Fule avenue

6
Fig. 6 Values of traffic volume of each entrance in the

automaton model

6, T
,

4 , 0.25 ∼ 0.28
(8:00∼9:00, 10:00∼11:00), 0.21 ∼ 0.24

(7:00∼8:00, 9:00∼10:00, 11:00∼15:00, 17:00∼
18:00), 0.1 ∼ 0.2 (6:00∼7:00, 15:00∼
17:00, 18:00∼23:00), 0∼0.06 (23:00∼
24:00, 0:00∼6:00), 1.
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1
Table 1 Parameters of each situation

p1 p2 p3 p δ01 δ12 δ23 x0(t) T /s

0.1 0.08 0.1 0.32 3 4 3 [10,9,12] 80
0.06 0.1 0.08 0.32 3 4 3 [10,9,12] 40
0.07 0.05 0.08 0.32 3 4 3 [6,9,4] 28
0.02 0.02 0.02 0.32 3 4 3 [6,9,4] 13

1 , T
, 7.

7

Fig. 7 Automaton model controlled by signal timing

4 ,
,

.
1 , .

, Carnegie Mel-
lon CheckMate
3.6[9, 10] MATLAB .

CheckMate Stateflow T
8 , CheckMate

T Simulink 9 .

8

Fig. 8 Automaton model of finite-state hybrid

9 Simulink

Fig. 9 Simulation model of simulink block for T-intersection
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(a)

(b)

(c)

(d)
10

Fig. 10 The graph of vehicle queue length change with time in

each direction

5 (Conclusion)
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