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Study on dynamic traffic control for reversible lanes
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Abstract: This paper proposes a dynamic traffic control method for reversible lanes according to the traffic flow state

of both directions of the road to ease the problems of traffic demand imbalance of both side of road section, which is called

tide traffic problems. Saturation degree is used to analyze the traffic state of road section that has reversible lanes. Five

traffic situations are proposed and optimization model of each traffic situation is developed. Enumeration method is used

to solve the proposed optimization models. Finally, a case study using micro-simulation shows that the proposed dynamic

traffic control method of reversible lanes can reduce the average delay and improve the traffic efficiency of road sections

that contain reversible lanes.
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2 (Dynamic co-

ntrol model of lane driving direction)
2.1 (Basic assumptions)

,

. , :

1) ;

2)

;

3) .

2.2 (Control logic)
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1

Fig. 1 Flow chart
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2.3 (Control model)
,

,

. ,

2 .

, [7]:
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v(S) =

{
v0 · (1− 0.94S), S � 0.9,

v0/7.4S, S > 0.9,
(1)

: v0 (m/s),

.

2

Fig. 2 Relationship between average speed and

traffic saturation

, ,

.

Sw0, Se0 5 ( 3),

.

3

Fig. 3 Classification of road traffic state

1© 0� Se0� S1 0� Sw0 � S1,

1:

, G0.

2© (S1 < Se0 � S2 0 < Sw0 � S2)

(S1 < Sw0 � S2 0 < Se0 � S2), 2:

min F (Ne) =

Qe · ( L

v(Se)
− L

v0
) +Qw · ( L

v(Sw)
− L

v0
)

Qe +Qw
,

(2)

s.t.

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

Ne ∈ {1, 2, · · · , (N − 1)},
Se =

Qe

CNe
,

Sw =
Qe

C(N −Ne)
,

0 � Se, Sw � S2,

(3)

: L (m); C

(pcu/h); N ; Ne 2

, (N −Ne) 1 ; Sw, Se

1 2 ;

Qw, Qe 1 2

(pcu/h).

3© 0 � Se < S2 Sw0 � S2, 3:

min F (Ne) =

Qe · ( L

v(Se)
− L

v0
) +Qw · ( L

v(Sw)
− L

v0
)

Qe +Qw
, (4)

s.t.

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

Ne ∈ {1, 2, · · · , (N − 1)},
Se =

Qe

CNe
,

Sw =
Qe

C(N −Ne)
,

0 � Se < S2.

(5)

4© 0 � Sw < S2 Se0 � S2, 4:

min F (Ne) =

Qe · ( L

v(Se)
− L

v0
) +Qw · ( L

v(Sw)
− L

v0
)

Qe +Qw
, (6)

s.t.

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

Ne ∈ {1, 2, · · · , (N − 1)},
Se =

Qe

CNe
,

Sw =
Qe

C(N −Ne)
,

0 � Sw < S2.

(7)

5© Se0 > S2 Sw0 > S2, 5:

min F (Ne) = min (− De

CNe
, − Dw

C(N −Ne)
),

(8)

s.t. Ne ∈ {1, 2, · · · , (N − 1)}, (9)

: Dw, De 1 2

( , ,

).

2.4 (Model solving)
[8],

, ,

, 2.3
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− 1 , 5 ,

4 + 1, 3 + 2, 2 + 3, 1 + 4 4 , 4.

4

Fig. 4 Flow chart of enumeration method for lane assignment

3 (Case study)
3.1 (Simulation environment set-

ting)

, PTV

VISSIM

.

1) .

5 ,

1 , 2 ,

1200 m, 3.75 m,

100 m.

2) .

20∼40 km/h,

40 km/h, 1250 veh/h.

Qw, Qe,

pcu/h. 5 / ,

2 17: 00 18: 00

,

1 .

1

Table 1 Flow rate in both directions

t 17: 00 17: 05 17: 10 17: 15 17: 20 17: 25 17: 30 17: 35 17: 40 17: 45 17: 50 17: 55 18: 00

Qw 1428 1514 1602 1825 1923 2104 2346 2554 2691 2818 2952 3174 3245
1

Qe 1545 1568 1637 1652 1725 1748 1782 1728 1754 1649 1756 1774 1806

Qw 1400 1514 1705 1984 1985 2150 2500 2815 3191 3018 2952 3174 3245
2

Qe 1550 1500 1535 1432 1235 1175 1000 980 990 900 965 982 928

3.2 (Model application)
Sw0, Se0

, 2 . 1 17: 15

,

1 17: 15 2,

S1 = 0.6, S2 = 0.9, L = 1200 m, v0 = 40 km/h =

11.11 m/s, C =1250 pcu/h, Qw =1825 pcu/h, Qe

= 1652 pcu/h, N = 5 2 ,

, ΔM

,

ΔM 25 s.

min F (Ne) =

Qe · ( L

v(Se)
− L

v0
) +Qw · ( L

v(Sw)
− L

v0
)

Qe +Qw
=

1652×(
1200

V (Se)
− 1200

11.11
)+1825×(

1200

V (Sw)
− 1200

11.11
)

1652+1825
,

s.t.

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

Ne ∈ {1, 2, 3, 4},
Se =

1652

1250Ne
,

Sw =
1825

1250× (5−Ne)
,

0 � Se, Sw � 0.9.

, :

Ne = 2; G1

F (Ne2) = 131.94 s; G0

F (Ne0) = 160.24 s.

: F (Ne0)− F (Ne2) = 28.30 s > ΔM ,

G0 T > 5 min, ,

G1 : Ne = 2, 2
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, 3 .

, 2 .

,

0.8 ,

,

17: 30, 3.

2

Table 2 Optimization results of driving direction under the condition of dynamic traffic control

t 17: 00 17: 05 17: 10 17: 15 17: 20 17: 25 17: 30 17: 35 17: 40 17: 45 17: 50 17: 55 18: 00

S11 0.57 0.61 0.64 0.49 0.51 0.56 0.63 0.68 0.72 0.75 0.79 0.85 0.87

S12 0.41 0.42 0.44 0.66 0.69 0.70 0.71 0.69 0.70 0.66 0.70 0.71 0.72
1

Nw 2 2 2 3 3 3 3 3 3 3 3 3 3

Ne 3 3 3 2 2 2 2 2 2 2 2 2 2

S11 0.56 0.61 0.68 0.53 0.53 0.57 0.67 0.56 0.64 0.60 0.59 0.63 0.65

S12 0.41 0.40 0.41 0.57 0.49 0.47 0.40 0.78 0.79 0.72 0.77 0.79 0.74
2

Nw 2 2 2 3 3 3 3 4 4 4 4 4 4

Ne 3 3 3 2 2 2 2 1 1 1 1 1 1

1 S1j j , j = 1 2.

3

Table 3 Lane configuration results of driving direction under the condition of timing traffic control

t 17: 00 17: 05 17: 10 17: 15 17: 20 17: 25 17: 30 17: 35 17: 40 17: 45 17: 50 17: 55 18: 00

S21 0.57 0.61 0.64 0.73 0.77 0.84 0.63 0.68 0.72 0.75 0.79 0.85 0.87

S22 0.41 0.42 0.44 0.44 0.46 0.47 0.71 0.69 0.70 0.66 0.70 0.71 0.72
1

Nw 2 2 2 2 2 2 3 3 3 3 3 3 3

Ne 3 3 3 3 3 3 2 2 2 2 2 2 2

S21 0.56 0.61 0.68 0.79 0.79 0.86 0.67 0.75 0.85 0.80 0.79 0.85 0.87

S22 0.41 0.40 0.41 0.38 0.33 0.31 0.40 0.39 0.40 0.36 0.39 0.39 0.37
2

Nw 2 2 2 2 2 2 3 3 3 3 3 3 3

Ne 3 3 3 3 3 3 2 2 2 2 2 2 2

2 S2j j , j = 1 2.

3.3 (Simulation result analysis)
,

4 5 .

1 2 , 1 ,

1 ,

17: 30,

1 , 1

17: 15, 2 17: 15 17:

35. ,

;

,

. ,

,

, 5 .

4

Table 4 Comparison of the lane number before

and after

1 2

2 3

3 2
17: 30

1
2 3

3 2
17: 15

2 3

3 2
17: 30

2 2 3

3 2
17: 15

4 1 17: 35
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(a) 1

(b) 2

5

Fig. 5 Comparison of the average delay per vehicle

5

Table 5 Average delay optimization of road vehicles

1 2

/% 21.24 41.47

,

,

, ,

.

4 (Conclusions)

, ,

.
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