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Abstract: This paper presents a real time nonlinear quadratic programming model to minimize the aggregate
delay time of vehicles at each intersection by minimizing the total number of vehicles at each intersection at the
signalized two intersections arterial. This can be extended to more than two intersections arterial network by
expanding the groups which is explained in this paper. The most important efficiency and simply getting factor of
traffic signal control is the number of vehicles in a queue at the lanes of intersections. The initial number of
vehicles at each lane at the intersections is counted by a camera which is the most exact method among other
existing methods.The model is developed to minimize the number of waiting vehicles from cycle to cycle. This
proposed model includes inter green signal time which is one of the main aspect compared to other existing
models proposed in the former research. This model also includes restrictions for upper bound for green signal
time and cycle time allocation which leads to exact and appropriate allocation for green signal time. Non- zero
and positive queue lengths at lanes are maintained under special condition for oversaturation case. The proposed
model is solved by the method of sequential quadratic programming coded in MATLAB environment.
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l. INTRODUCTION

Nowadays a tremendous increase in traffic in major cities is a very serious problem. This has resulted in
increasing travel time, traffic congestion, gas emissions, and fuel consumption [1]. Intersections are the
bottlenecks of the transportation networks on roads, and time spent waiting at intersections tends to account for
20%— 50% of total travel time within cities [2]. Many methods had been implemented to overcome this problem
such as broadening intersection approach, canalization, adding left turning lane and optimization of intersection
signal parameters. Among this methods, very effective method is optimization of intersection signal parameters
such as cycle time, green split, phase sequence and offsets. Many optimization methods are available such as SUN
et al [3] proposed an optimization model of the signal timing, based on supersaturated signal intersection. CHANG
and LIN [4] proposed one disperse dynamic optimization model to solve the traffic flow supersaturated condition
and used two-stage control system to produce optimal cycle and green splits.

Our objective of this research is to formulate a mathematical model to optimize phase sequence and
minimize aggregate delay [5] time of vehicles and the total number of vehicles which are waiting at the signalized
two intersections arterial network [6] due to red signal by allocating sufficient amount of green time for each
signals and cycle time. This can be extended to more than two intersections arterial network by expanding the
groups which is explained in this paper. To maintain the feasibility, the upper bound for cycle time and the upper
bound for green signal time are limited. Special oversaturation condition is used to maintain non-zero and positive
value for number of waiting vehicles at lanes. The real time data is calculated by using cameras [7] installed in
every lane in the road intersections. This model is solved by sequential quadratic programming algorithm coded
in MATLAB environment [8].

1. Methodology
In this research, we consider a signalized arterial road with two intersections namely Intersection 1 and
Intersection 2 and eight lanes namely Lane ij, i=1, 2 and j = 1,2,3,4. We divide this arterial into four stages: in
Stage 1, green signals (same amount of green signal time) will be on for Lane 12 and Lane 22 by grouping Lane
12 and Lane 22 ([Lane 12-Lane 22]), where the vehicles which are waiting at the Lane 12 and Lane 22 can go to
each other three lanes through the intersection as shown in Stage 1 in the below Fig 1. Similarly, when the green
signals are on for other two grouped lanes ([Lane 14-Lane 24], [Lane 11- Lane 21], [Lane 13-Lane 23]) the
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vehicles waiting in those lanes will proceed to different lanes as described in Stage 2, Stage 3 and Stage 4 in the
Fig 1 below:
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Fig 1. Green signals and stages (phases).

Each intersection makes its own plan with a difference of offset time. In this model the offset time for
cycles is set to zero. Vehicles entering into the Lane 13 will be during green signal on for Lane 12, Lane 13 and
Lane 14 only. Similarly, vehicles entering into the Lane 21 will be during green signal on for Lane 21, Lane 22
and Lane 24 only.

2.1 Formulation of the model:

2.1.1 Notations

Lane ij: j™" lane of it intersection at the arterial road i=1, 2, j=1, 2, 3, 4,

N;;(k): Number of vehicles in Lane j of i intersection i=1, 2, j=1, 2, 3, 4 at cycle k,

NT;(k): Total number of vehicles at intersection i, i=1, 2, at cycle k,

1g: inter green time, W;;: Weighting parameter of Lane j of i intersection i=1, 2, j=1, 2, 3, 4,

g (k): Allocated green time for the signal for Lane j of i intersection i=1, 2, j=1, 2, 3, 4 at cycle k,
fij(k): In coming flow rate of vehicles for the Lane j of i intersection i=1, 2, j=1, 2, 3, 4 at cycle k,
s4j(k): Outgoing flow rate of vehicles for the Lane j of i intersection i=1, 2, j=1, 2, 3, 4 at cycle k,
S13(k): Saturation flow rate of vehicles at Lane 13 at cycle k,

S,1(k): Saturation flow rate of vehicles at Lane 21 at cycle k,

e,3 (k): Exit flow of vehicles at Lane 13 at cycle k, e, (k): Exit flow of vehicles at Lane 21 at cycle k,
d,5(k): Demand flow of vehicles at Lane 13 at cycle k, d,; (k): Demand flow of vehicles at Lane 21 at cycle k,
(9:; (k) min: Minimum green time for the signal for Lane j of i"" intersection i=1, 2, j=1, 2, 3, 4, at cycle k,
(9:; (k) max: Maximum green time for the signal for Lane j of i" intersection i=1, 2, j=1, 2, 3, 4, at cycle k,
C;(k): Cycle time of intersection i, i=1, 2 at cycle k,

(CT)) 1min: Minimum cycle time of i intersection i=1, 2, (CT;) max: Maximum cycle time of i" intersection i=1, 2,
t;j(k): Average vehicle turning rates at Intersection 1, j = 1,2,4, at cycle k,

t,;(k): Average vehicle turning rates at Intersection 2, j = 2,3,4, at cycle k,

D;;(k + 1): Aggregate delay time of vehicles in cycle k at Lane j of i" intersection i=1, 2, j=1, 2, 3, 4.
DT;(k + 1): Aggregate delay time of vehicles in cycle k at Intersection i,,i=1, 2
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2.1.2 Formulation

In Stage 1 Intersection 1, the aggregate delay time for (k+1)" cycle (i.e. aggregate delay time at the end
of k" cycle) is calculated by the aggregate delay time of vehicles in the Lane 12 during green signal is on and
after the green signal is off which is represented by the shaded area of Stage 1 Intersection 1 in Fig 2.

In Stage 2 Intersection 1, the aggregate delay time for (k+1)" cycle (aggregate delay time at the end of
k' cycle) is calculated by the aggregate delay time of vehicles in the Lane 14 before green signal is on, during
green signal is on and after the green signal is off which is represented by the shaded area of Stage 2 Intersection
1 in Fig 2. The other two stages can also be illustrated in a similar manner. The total delay time for (k+1)" cycle
is illustrated in the figure below:
Intersection 1
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Fig 2. Number of vehicle and delay of four stages at Intersection 1

Aggregate delay time for vehicles at each stage at the end of cycle k is calculated from the area of the shaded
region in the Fig 2 as given below:

Dip(k +1) = 3 [2N5, ()€, () + i () CL(0)? = 512(k)(912(K))” — 2515 (k) g1, (k) (41 g +

91a(k) + g11(k) + 913(k))] = 0. 1)
Dyg(k +1) = 2[2N1, ()C, (k) + fia (R)C; ()7 — 514 () (914 (K))” = 2514 (k) 914 () (Bl g +

911 (k) + 913(k))] = 0. 2
Dy (k+1) = § [2N11(k)C1(k) + fir ()G, (k)? — 511(k)(g11(k))2 — 251, (k) g1 () (21g +

g5 (k)] 2 0. 3

Dyz(k+1) = § [2N13(k)(912(k) + 914(K) + 219) + [fi3() (1 — e33(K)) + dy3(K)](g12(K) + g14 (k) +
219)% + 2[Ny3 (k) + (fis (k) (1 = e33(K)) + d13(k)) (g12(K) + g1a(K) + 219)1(g11(K) + 1) +
2[Ny3 (k) + (f13 (k) (1 = e33(K)) + dy3(k)) (912 (k) + g1a(k) + 219)1(g13(K) +19) +
(13U (1 = e13(K)) + dy3 (k)] (913 (K) + 19)?* — 513(k)(g13(k))2 - 2513(k)913(k)19] = 0. 4
Here, fi3(k) = t(k)sp2 (k) + ty3(k)sy3(k) + o4 (k)sz4 (k).

In Stage 1 Intersection 2, the aggregate delay time for (k+1)"" cycle (i.e. aggregate delay time at the end
of k" cycle) is calculated by the aggregate delay time of vehicles in the Lane 22 during green signal is on and
after the green signal is off which can be represented as the shaded area of Stage 1 Intersection 1 in Fig 3.

In Stage 2 Intersection 2, the aggregate delay time for (k+1)" cycle (aggregate delay time at the end of
ki cycle) is calculated by the aggregate delay time of vehicles in the Lane 24 before green signal is on, during
green signal is on and after the green signal is off which can be represented as the shaded area of Stage 2
Intersection 1 in Fig 3. The other two stages can also be illustrated in a similar manner. The total delay time for
(k+1)" cycle is illustrated in the figure below:
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Fig 3. Number of vehicle and delay of four stages at Intersection 2

Aggregate delay time for vehicles at each stage at the end of cycle k is calculated from the area of the shaded
region in the Fig 3 as given below:

Dy, (k+1) = % [Zsz(k)Cz (k) + fo, () C, (K)? — Szz(k)(gzz(k))z — 255, (k) g2, (k) (41g +

92400 + 31 (k) + g5 (k)] = 0. (5)
Dyy(k+1) = % [2N24(k)C2 (k) + f,(R)C, (k)* — 524(k)(924(k))2 — 2524 (k) g24(k)(B1g +
921 (k) + 923(k))] = 0. (6)

Dy (k+1) = % [2N21(k)(922(k) + 924() + g21(K) + 319) + [fo1 () (1 — €51, (K)) + dyy (k)] (g2 (k) +
G24(k) + g21(k) + 319) + 2[Nyy (k) + (fo1 (k) (1 — €31 (k) + d31) (a2 (K) + g0 (K) +
921(K) + 319)1(G25(K) + 19) = 5,1 (K) (91 (0))” = 251 () 921 ()21 g + g3(K))] = 0.(7)

Here, fo1 (k) = t11(k)s11(k) + t1,(k)s12 (k) + t14(Kk)s14(k).

Dyalk + 1) = 3 [205 ()€, () + 5 (o ()2 = 525 (k) (925(k)) " = 2523(k) g2 ()1 g | = 0. ®)

The number of vehicles in eight lanes at the end of the cycle k is given by the following eight equations.
Equation 9 represents number of vehicles in Lanell at the end of cycle k (or beginning of cycle k+1) which is
equivalent to the total number of vehicles waiting at the beginning of cycle k (from camera readings), incoming
number of vehicles into the Lanell during green signal time, inter signal green time and red signal time and
excluding outgoing number of vehicles during green signal time for the Lane 11. Similarly, the numbers of
vehicles in Lane 12, Lane 14, Lane 22, Lane 23and Lane 24 at the end of cycle k (for cycle k+1) are given by the
equations 10, 12, 14, 15 and 16 respectively. Equation 11 represents number of vehicles in Lane 13 at the end of
cycle k (or beginning of cycle k+1) which is equivalent to the total of the number of vehicles waiting at the
beginning of cycle k (from camera readings), incoming number of vehicles into the Lane 13 during green signal
time for Lane 12, Lane 13 and Lane 14 and inter signal green time, demand flow for Lane 13 during cycle time
and excluding outgoing number of vehicles during green signal time for the Lane 13, exit flow for Lane 13 during
cycle time. Equation 13 represents number of vehicles in Lane 21 at the end of cycle k (or beginning of cycle k+1)
which is equivalent to the total of the number of vehicles waiting at the beginning of cycle k (from camera
readings), incoming number of vehicles into the Lane 21 during green signal time for Lane 21, Lane 22 and Lane
24 and inter signal green time, demand flow for Lane 21 during cycle time and excluding outgoing number of
vehicles during green signal time for the Lane 21, exit flow for Lane 21 during cycle time.

Ny (k+ 1) = Nyy(k) + (911 (k) + g12(k) + g13(k) + g1a(k) + 41g) fi1 (k) — g11(K)s11(k) )
Nip(k+ 1) = Nip(k) + (g11(0) + g12(k) + g13(k) + g1a(k) + 41g) fi2(K) — g12(K)s12(k) (10)
Ny3(k+ 1) = Ny3(k) + (11 (k) + g12(k) + g13(k) + g14(k) + 41g) [f13(k) —ey3(k) +dyz(k) —

913(k)S13 (k)/Cl] 11)
Her,fi3 (k) =t (k)55 (k) + t3(k)sy3(k) + taa(k)spa(k), e13(k) = t13(k)fi3(k), (g11(k) +1g9)fi5(k) = 0.
Niy(k+ 1) = Nyy (k) + (g1 (k) + g12(k) + g13(k) + g14(k) + 41g) f14 (k) — g14(k)S14(K) (12)
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Ny (k+ 1) = Nyy (k) + (go1(k) + goa(k) + gaz(k) + gou(k) + 41g) [f21(k) — ey (k) + dyy (k) —

921(k)521(k)/c ] (13)
Her,f,1 (k) = tli(k)sll(k) + t12(k)s15 (k) + t1,(k)s14(k), ey, (k) = ty1 (k) fo1(k), (g23(k) +19)fo1 (k) = 0.
Ny (k+ 1) = Nyp (k) + (go1 (k) + gon(k) + goz(k) + goa(k) + 41g) fo2(K) — gopn (k) sz, (k) (14)
Ny (k+ 1) = Nys (k) + (go1 (k) + gon(k) + go3(k) + goa(k) + 41g) fo3(K) — goz(k)sz3(k) (15)
Nyy(k + 1) = Nyy (k) + (g1 (k) + go2(k) + go3(k) + goa(k) + 41g) fo4(K) — goa(k)s24 (k) (16)
Lower and upper bounds of green signal time are given by,

(glj(k))min < gl](k) < (glj(k))max ’ ] = 1'2'3'4' (17)
(gzj(k))min < gZ](k) < (gzj(k))max , ] = 1'2'3'4' (18)
Cycle time of cycle k is given by the total green signal time and total inter green signal time:

(911(k) +19) + (912(k) + 1g) + (g13(k) +19) + (g14(k) +1g) = C,(k), (19)
(921(k) +19) + (g22(k) +19) + (g23(k) + 19) + (g24(k) +1g) = C, (k). (20)
Lower and upper bounds of cycle time are given by,

(CTl)min < Cl(k) < (CTl)max ’ (21)
(CTZ)min < CZ (k) < (CTZ)max- (22)

Special oversaturation condition is defined as the number of outgoing vehicles during green signal time in a lane
at a given cycle is less than the number of vehicles in that lane at the end of that cycle. The following eight
inequalities represent the special oversaturation conditions during cycle k for the Lane 11, Lane 12, Lane 13, Lane
14, Lane 21, Lane 22, Lane 23 and Lane 24 respectively:

s11(k)g11(k) < Njy(k+ 1), (23)
S12(k)g12(k) < Npp(k + 1), (24)
S13(k)g13(k) < Ny3(k + 1), (25)
S14(k)g14(k) < Npy(k + 1), (26)
S21(k)ga1(k) < Npy(k + 1), (27)
S2(k) a2 (k) < Nypp(k + 1), (28)
S3(k)ga3(k) < Nps(k + 1), (29)
S24(k) gaa(k) < Nypy(k + 1). (30)

The incoming number of vehicles into a lane during a cycle time is less than or equal to the outgoing number of
vehicles from that lane during green signal time is considered as a condition. The following eight inequalities
represent those conditions during cycle k for the Lane 11, Lane 12, Lane 13, Lane 14, Lane 21, Lane 22, Lane 23
and Lane 24 respectively:

fi1(R)Cy (k) < s15(k)gq1(K), (31)
f12(R)Cy (k) < s1,(k)gq,(k), (32)
[f13 ()1 — e13(k)) + d13(k)](g12 (k) + g13(k) + g1a(k) + 31g) < 513(k) gq3(k), (33)
Here, fi3 (k) = ty;(k)sy2 (k) + ty3(k)sy3 (k) + toa (k)4 (k)

f1a(R)Cy (k) < 514(k) gq4(k), (34)
[fo1 () (1 = €21(k)) + dzy ()] (g1 (k) + g22 (k) + gaa(k) + 31g) < 55,(k) g1 (K), (39)
Here, f,1 (k) = t11(k)sy1 (k) + t1,(k)s15(k) + ty4(k)s14(k)

fo2 () Co (k) < 55, (K) g2 (K), (36)
fo3(R)Cy (k) < 553(K) g3 (K), (37)
foa(R)Co (k) < 554 (K) g0 (K. (38)
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2.2 Flow chart of the model and the method of solution

The number of vehicles in each lane of two
intersections can be obtained from camera

¥

Formulate a non-linear programming model for real situation
at intersections under special oversaturation condition and a
condition which iz the incoming number of vehicles into the
lane during cycle time iz less than or equal to the outgoing
number of vehicles from the lane during green time for that

lane.

Solve the formulated model using SQP algorithm

.

Determine green time, cycle time, number of waiting vehicles
and aggregate delay time at each lane and total number of
waiting vehicles and aggregate delay tume at each intersections

Fig.4. Flow chart for the model and the method of solution

1. Optimize Green Time
Objective is to minimize the total number of vehicles waiting at the intersections subject to the
oversaturation condition, the delay, additional condition and some constraints related to the traffic signal control
problem, which are described above, are combined into the model formulation and is illustrated below to calculate
the duration of the green signal time on at the beginning of the cycle k:
Minimize Z = Z?=1 21'2:1 ‘/V” N” (k + 1)
Subject to
S”(k)g”(k) < N”(k + 1), = 1,2, ] = 1,2,3,4
f11(k)Cy (k) < 511 (k) g11(k),
f12(k)C1 (k) < 515(k) g12(k),
[f13() (1 — e13(k)) + di3(k)](g12(K) + g13(k) + g14(k) + 31g) < 513(k) g13(k),
f1a(k)C1 (k) < 514 (k) g14(k),
[f21(k)(1 - 321(k)) + dz1 (1)](921(k) + g22 (k) + g24(k) + 31g) < 551 (k) ga1 (K),
fo2 (k) Cy (k) < 55, (k) g2z (K),
fo3(k)Cy (k) < 553(k)ga3(k),
foa(k)Cy (k) < 554 (k) gaa (k).
(9ij N min < 91j(0) < (91 (k) max 1 = 1,2, j =1,2,34.
(CT)min < Ci(k) < (CT)max i = 1,2
(G (k) +19) + (gia(k) +19) + (9i3(k) +1g) + (gia (k) + 1g) = C;(k), i = 1,2
The cycle time is equal to the sum of the total green signal time and total inter green time. Each green time value
has a minimum value ((g;; (k))mi») and a maximum value ((g;; (k))max) Which are fixed for a cycle.
In order to maintain the feasibility, the sum of the total minimum green signal time values and inter green signal
time values is assumed to be greater than or equal to (CT;) jin, i = 1,2 and also, the sum of the total maximum
green signal time values and inter green signal time values is assumed to be less than or equal to (CT;)pax-i =
1,2.
The objective function consists of waiting parameters W;;,i = 1,2, j = 1, 2, 3, 4 assigned to each lane at each
intersection. The default value of W;;,i =1,2,j = 1, 2, 3, 4 is assigned to 1. The objective function can be
optimized by selecting different waiting parameters W;; according to different criteria: lane priority, emergency
vehicle passing etc.
To optimize green time for each signal we apply sequential quadratic programming algorithm implemented in the
MATLAB optimization toolbox for the above nonlinear programming problem.

V. Results And Discussion
The method is tested to a hypothetical data set:
Distance between Intersection 1 and Intersection 2 is 600m. Average length of a small vehicle is approximately 5
m. So the number of vehicles in Lane 13 and Lane 21 is less than 120.
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Distance between upstream camera and downstream camera installed in any lane is 300 m. If we assume that the
average length of a small vehicle is approximately 5 m, then the maximum number of vehicles in a lane within
300 m is 60.
Incoming flow rates of vehicles for the lanes are fixed over the cycles is given by
fij=0.1 vehicles /sec.,i = 1,2, j = 1,2,3,4.
Outgoing flow rates of vehicles for the lanes are fixed over the cycles is given by
s;j= 0.5vehicles/sec.,i = 1,2, j = 1,2,3,4.
Inter green signal time is given by
I1g=1 sec.
Weighting parameters of the lanes are given by
W =1fori =12, j =1234.
Vehicle turning rates are fixed over the cycles:
t;; = 0.55,t,, = 0.12,¢,, = 0.05,t,, = 0.05, t,3 = 0.55,¢,, = 0.12.
Saturation flow rates are fixed over the cycles:
Si3(k) =0.5,5,,(k) = 0.5.
Vehicle exit flow are fixed over the cycles:
ei3 = 0.6,e,; = 0.6.
Vehicle demand flow are fixed over the cycles:
d3 =0,d,; =0.
The upper bound of cycle time is fixed to 90 sec. The lower bound of cycle time is attained according to the model.
Similarly, the upper bound and lower bound of green signal times are attained according to the model.

Simulation results are given in the following Table 1 for scenario 1:

From camera readings: N;,(1) = 10, N;,(1) = 22, N;5(1) = 11, N,,(1) = 23
N1 (1) = 12, Np,(1) = 24, Np3(1) = 13, Npu(1) = 25

Phase sequence order (signal order):

Intersection 1: Lane 12 signal, Lane 14 signal, Lane 11 signal, Lane 13 signal

Intersection 1: Lane 22 signal, Lane 24 signal, Lane 21 signal, Lane 23 signal

Table 1. Cycles and the optimum feasible results for scenario 1

Cv | Mumber of veluelss in lanes at | Green signal time | Cvele | Aggregate delay time and fotal of that | Mumber of vebucles
cla | sach mtersection and fotal of | (sec) at each | tme at aach mtersaction at the end of the | m  lames at each
k| thatat the beginmmg of the cyels | imferzsachion (zac.) eyels (zac) Interzaction at the end
N, k) [T (k] £ ik} C, (k) D, (k+1)[DT(k +1)] of  the  cycle
N, (k) VT, (R )] t, (k) C, (k) D, (k+1) [0T,(k + 1] Nk +1)
j=1234 j=1234 j=1234 Nk +1)
j=1234
1|13 W0 W 18 (3718 1817 24|82 1185 434 1385 BRS [3367) (14 0% 14 14
13 10 09 16 [A0[ 18 18 17 24|82 13085 434 960 725 [0212) |15 09 09 12
214 0 4 4 B9 1s1s 19| 805 T 1163 703 [ 12 08 14 12
13 09 0% 1 [431[ 18 16 15 15|74 14177 367 B33 333 135131 |14 08 03 10
Tk M4 12 [AE| 17 14 14 18|65 635 283 1005 3R [2A09) (10 08 14 11
4 08 03 10 [40[17 14 14 18|65 10240 293 #43 428 118031 )13 03 03 09
1 08 14 11 3|16 M 13|63 318 86 93% 311 [1268) |08 07 14 10
13 08 08 09 [38][ 16 14 14 15|43 0226 286 602 3§ [I04RO) | 12 07 07 OB
T O (T 1) D O A K 385 203 313 401 [l80B) [ 07 06 14 08
1207 07 08 [M1[15 12 12 15|34 FEI0 203 M5 284 [T 11 06 06 7
& (07 08 M4 08 [ 12 1111 12030 3113 736 3% [Iaa) |08 06 14 OB
11 08 06  O7 30012 11 11 12)30 3220 135 364 253 [AOBN) |10 OF 06 06
T{06 08 4 08 [MI[I0L0 10 10| M 4% 1% A3% 281 LA ( 05 03 407
10 06 06 06 [287[{ 10 10 10 10) 44 3907 135 304 184 41|10 05 05 03
E (03 03 M4 07 [31][ 0% 0% 09 05|40 190 100 393 225 II0B] |05 03 WM O7
005 03 03 [A[ 08 09 09 0540 3279 100 233 143 [3T9p |10 05 05 03
9 (03 03 M4 07 [A]| 08 09 09 05|40 190 100 393 223 [I0B] |05 03 M O7
10 05 03 0F [M[ 08 09 09 0540 3279 100 235 145 [ATS9p |10 05 05 03

In the Table 1 given above, the results of cycle 8 and cycle 9 are the same. If this process continues into
more cycles, the results will be the same as the results of cycle 8. Because of oversaturation situation some vehicles
are still waiting in each lane in the last cycle (cycle 8).
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Fig 4. Total number of vehicles at each cycle in Intersection 1 and Intersection 2 for scenario 1.
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Fig.5. Aggregate delay time at each cycle at Intersection 1 and Intersection 2 for scenario 1.

Simulation results are given in the following Table 2 for scenario 2:

From camera readings: N,;(1) = 42, N;,(1) = 44, N,5(1) = 28, N;,(1) = 26,
N,;(1) = 25, N,,(1) = 55, N,5(1) = 24, N,,(1) = 34

Phase sequence order (signal order):

Intersection 1: Lane 12 signal, Lane 14 signal, Lane 11 signal, Lane 13 signal

Intersection 1: Lane 22 signal, Lane 24 signal, Lane 21 signal, Lane 23 signal
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Table 2. Cycles and the optimum feasible results for scenario 2
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In Table 2 given above, the results of cycle 22 and cycle 23 are the same. If this process continues more
cycles, the results will be same as the results of cycle 22. Because of oversaturation situation, some vehicles are

still waiting in each lane in the final cycle (cycle 22).
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Fig 6. Total number of vehicles at each cycle in Intersection 1 and Intersection 2 for scenario 2.
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Fig.7. Aggregate delay time at each cycle at Intersection 1 and Intersection 2 for scenario 2.

V. Conclusion

A non-linear programming optimization model is established to minimize the real time traffic signal
control efficiency such as total number of vehicles and aggregate delay time of vehicles at two intersections of a
road arterial network. This model can be extended to more than two intersections arterial networks. A flow-chart
is designed to solve the model with the help of MATLAB optimization toolbox. Entering vehicles to the road
intersections is counted using cameras installed in the lanes of road intersections which is confirmed to be a
valuable technique widely used around the world. This model includes inter green signal time. Our proposed
model offers more practical solution than the existing developed models. The method is tested using hypothetical
data sets and considered two situations. Results are given in Table 1 and Table 2. It can be observed that the total
number of vehicles waiting in each lane and total number of vehicles waiting in each intersection decrease from
one cycle to another. Subsequently, the aggregate delay time of vehicles at each intersection also decreases.
Finally, it can be concluded that the proposed model is providing a promising result which can be practically
implemented at road arterial networks consist of two intersections.
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