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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.     

Keyword: aggregate delay time, nonlinear sequential quadratic programming, optimization, real time, signalized 

arterial network 
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I. 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]. 

II. 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: 

 

 

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:  jth lane of ith intersection at the arterial road i=1, 2, j=1, 2, 3, 4,     

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

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

𝐼𝑔: inter green time, 𝑊𝑖𝑗: Weighting parameter of Lane j of ith intersection i=1, 2, j=1, 2, 3, 4,  

𝑔𝑖𝑗(𝑘): Allocated green time for the signal for Lane j of ith 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 ith intersection i=1, 2, j=1, 2, 3, 4 at cycle k, 

𝑠𝑖𝑗(𝑘): Outgoing flow rate of vehicles for the Lane j of ith 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, 

𝑆21(𝑘): Saturation flow rate of vehicles at Lane 21 at cycle k, 

𝑒13(𝑘): Exit flow of vehicles at Lane 13 at cycle k, e21(𝑘): Exit flow of vehicles at Lane 21 at cycle k,  

𝑑13(𝑘): Demand flow of vehicles at Lane 13 at cycle k, d21(𝑘): Demand flow of vehicles at Lane 21 at cycle k,  

(𝑔𝑖𝑗(𝑘))min: Minimum green time for the signal for Lane j of ith intersection i=1, 2, j=1, 2, 3, 4, at cycle k, 

(𝑔𝑖𝑗(𝑘))max: Maximum green time for the signal for Lane j of ith intersection i=1, 2, j=1, 2, 3, 4, at cycle k, 

𝐶𝑖(k): Cycle time of intersection i, i=1, 2 at cycle k, 

(𝐶𝑇𝑖)min: Minimum cycle time of ith intersection i=1, 2, (𝐶𝑇𝑖)max: Maximum cycle time of ith intersection i=1, 2, 

𝑡1𝑗(𝑘): Average vehicle turning rates at Intersection 1, 𝑗 = 1,2,4, at cycle k, 

𝑡2𝑗(𝑘): Average vehicle turning rates at Intersection 2, 𝑗 = 2,3,4, at cycle k, 

𝐷𝑖𝑗(𝑘 + 1): Aggregate delay time of vehicles in cycle k at Lane j of ith intersection i=1, 2, j=1, 2, 3, 4. 

𝐷𝑇𝑖(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)th cycle (i.e. aggregate delay time at the end 
of  kth 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)th cycle (aggregate delay time at the end of  

kth 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)th cycle 

is illustrated in the figure below:     

Intersection 1 

 
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: 

𝐷12(𝑘 + 1) =
1

2
[2𝑁12(𝑘)𝐶1(𝑘) + 𝑓12(𝑘)𝐶1(𝑘)2 − 𝑠12(𝑘)(𝑔12(𝑘))

2
− 2𝑠12(𝑘)𝑔12(𝑘)(4𝐼𝑔 +

                               𝑔14(𝑘) + 𝑔11(𝑘) + 𝑔13(𝑘))] ≥ 0.                                                                                                   (1)  

𝐷14(𝑘 + 1) =
1

2
[2𝑁14(𝑘)𝐶1(𝑘) + 𝑓14(𝑘)𝐶1(𝑘)2 − 𝑠14(𝑘)(𝑔14(𝑘))

2
− 2𝑠14(𝑘)𝑔14(𝑘)(3𝐼𝑔 +

                               𝑔11(𝑘) + 𝑔13(𝑘))] ≥ 0.                                                                                                                   (2)   

𝐷11(𝑘 + 1) =
1

2
[2𝑁11(𝑘)𝐶1(𝑘) + 𝑓11(𝑘)𝐶1(𝑘)2 − 𝑠11(𝑘)(𝑔11(𝑘))

2
− 2𝑠11(𝑘)𝑔11(𝑘)(2𝐼𝑔 +

                               𝑔13(𝑘))] ≥ 0.                                                                                                                                    (3)  

𝐷13(𝑘 + 1) =
1

2
[2𝑁13(𝑘)(𝑔12(𝑘) + 𝑔14(𝑘) + 2𝐼𝑔) + [𝑓13(𝑘)(1 − 𝑒13(𝑘)) + 𝑑13(𝑘)](𝑔12(𝑘) + 𝑔14(𝑘) +

                  2𝐼𝑔)2 + 2[𝑁13(𝑘) + (𝑓13(𝑘)(1 − 𝑒13(𝑘)) + 𝑑13(𝑘))(𝑔12(𝑘) + 𝑔14(𝑘) + 2𝐼𝑔)](𝑔11(𝑘) + 𝐼𝑔) +

                   2[𝑁13(𝑘) + (𝑓13(𝑘)(1 − 𝑒13(𝑘)) + 𝑑13(𝑘))(𝑔12(𝑘) + 𝑔14(𝑘) + 2𝐼𝑔)](𝑔13(𝑘) + 𝐼𝑔) +

                   [𝑓13(𝑘)(1 − 𝑒13(𝑘)) + 𝑑13(𝑘)](𝑔13(𝑘) + 𝐼𝑔)2 − 𝑠13(𝑘)(𝑔13(𝑘))
2

− 2𝑠13(𝑘)𝑔13(𝑘)𝐼𝑔] ≥ 0.         (4)                                                                                                                 

Here, 𝑓13(𝑘) = 𝑡22(𝑘)𝑠22(𝑘) + 𝑡23(𝑘)𝑠23(𝑘) + 𝑡24(𝑘)𝑠24(𝑘). 
 

In Stage 1 Intersection 2, the aggregate delay time for (k+1)th cycle (i.e. aggregate delay time at the end 

of  kth 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)th cycle (aggregate delay time at the end of  

kth 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)th cycle is illustrated in the figure below:    
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Intersection 2 

 

 
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: 

𝐷22(𝑘 + 1) =
1

2
[2𝑁22(𝑘)𝐶2(𝑘) + 𝑓22(𝑘)𝐶2(𝑘)2 − 𝑠22(𝑘)(𝑔22(𝑘))

2
− 2𝑠22(𝑘)𝑔22(𝑘)(4𝐼𝑔 +

                               𝑔24(𝑘) + 𝑔21(𝑘) + 𝑔23(𝑘))] ≥ 0.                                                                                                   (5)  

𝐷24(𝑘 + 1) =
1

2
[2𝑁24(𝑘)𝐶2(𝑘) + 𝑓24(𝑘)𝐶2(𝑘)2 − 𝑠24(𝑘)(𝑔24(𝑘))

2
− 2𝑠24(𝑘)𝑔24(𝑘)(3𝐼𝑔 +

                               𝑔21(𝑘) + 𝑔23(𝑘))] ≥ 0.                                                                                                                    (6)   

𝐷21(𝑘 + 1) =
1

2
[2𝑁21(𝑘)(𝑔22(𝑘) + 𝑔24(𝑘) + 𝑔21(𝑘) + 3𝐼𝑔) + [𝑓21(𝑘)(1 − 𝑒21(𝑘)) + 𝑑21(𝑘)](𝑔22(𝑘) +

                                𝑔24(𝑘) + 𝑔21(𝑘) + 3𝐼𝑔)2 + 2[𝑁21(𝑘) + (𝑓21(𝑘)(1 − 𝑒21(𝑘)) + 𝑑21)(𝑔22(𝑘) + 𝑔24(𝑘) +

                                𝑔21(𝑘) + 3𝐼𝑔)](𝑔23(𝑘) + 𝐼𝑔) − 𝑠21(𝑘)(𝑔21(𝑘))
2

− 2𝑠21(𝑘)𝑔21(𝑘)(2𝐼𝑔 + 𝑔23(𝑘))] ≥ 0. (7)                                                                                                                         

Here, 𝑓21(𝑘) = 𝑡11(𝑘)𝑠11(𝑘) + 𝑡12(𝑘)𝑠12(𝑘) + 𝑡14(𝑘)𝑠14(𝑘). 

𝐷23(𝑘 + 1) =
1

2
[2𝑁23(𝑘)𝐶2(𝑘) + 𝑓23(𝑘)𝐶2(𝑘)2 − 𝑠23(𝑘)(𝑔23(𝑘))

2
− 2𝑠23(𝑘)𝑔23(𝑘)𝐼𝑔] ≥ 0.                        (8)   

 

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 Lane11 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 Lane11 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.  

 

𝑁11(𝑘 + 1) = 𝑁11(𝑘) + (𝑔11(𝑘) + 𝑔12(𝑘) + 𝑔13(𝑘) + 𝑔14(𝑘) + 4𝐼𝑔)𝑓11(𝑘) − 𝑔11(𝑘)𝑠11(𝑘)                                (9) 

𝑁12(𝑘 + 1) = 𝑁12(𝑘) + (𝑔11(𝑘) + 𝑔12(𝑘) + 𝑔13(𝑘) + 𝑔14(𝑘) + 4𝐼𝑔)𝑓12(𝑘) − 𝑔12(𝑘)𝑠12(𝑘)                        (10) 

𝑁13(𝑘 + 1) = 𝑁13(𝑘) + (𝑔11(𝑘) + 𝑔12(𝑘) + 𝑔13(𝑘) + 𝑔14(𝑘) + 4𝐼𝑔) [𝑓13(𝑘) − 𝑒13(𝑘) + 𝑑13(𝑘) −

𝑔13(𝑘)𝑆13(𝑘)
𝐶1

⁄ ]                                                                                                                                                         (11)     

Her,𝑓13(𝑘) = 𝑡22(𝑘)𝑠22(𝑘) + 𝑡23(𝑘)𝑠23(𝑘) + 𝑡24(𝑘)𝑠24(𝑘), 𝑒13(𝑘) = 𝑡13(𝑘)𝑓13(𝑘), (𝑔11(𝑘) + 𝐼𝑔)𝑓13(𝑘) = 0. 
𝑁14(𝑘 + 1) = 𝑁14(𝑘) + (𝑔11(𝑘) + 𝑔12(𝑘) + 𝑔13(𝑘) + 𝑔14(𝑘) + 4𝐼𝑔)𝑓14(𝑘) − 𝑔14(𝑘)𝑠14(𝑘)                              (12)   
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𝑁21(𝑘 + 1) = 𝑁21(𝑘) + (𝑔21(𝑘) + 𝑔22(𝑘) + 𝑔23(𝑘) + 𝑔24(𝑘) + 4𝐼𝑔) [𝑓21(𝑘) − 𝑒21(𝑘) + 𝑑21(𝑘) −

𝑔21(𝑘)𝑆21(𝑘)
𝐶2

⁄ ]                                                                                                                                                        (13)    

Her,𝑓21(𝑘) = 𝑡11(𝑘)𝑠11(𝑘) + 𝑡12(𝑘)𝑠12(𝑘) + 𝑡14(𝑘)𝑠14(𝑘), 𝑒21(𝑘) = 𝑡21(𝑘)𝑓21(𝑘), (𝑔23(𝑘) + 𝐼𝑔)𝑓21(𝑘) = 0. 
𝑁22(𝑘 + 1) = 𝑁22(𝑘) + (𝑔21(𝑘) + 𝑔22(𝑘) + 𝑔23(𝑘) + 𝑔24(𝑘) + 4𝐼𝑔)𝑓22(𝑘) − 𝑔22(𝑘)𝑠22(𝑘)                      (14)                                                                                                                                     

𝑁23(𝑘 + 1) = 𝑁23(𝑘) + (𝑔21(𝑘) + 𝑔22(𝑘) + 𝑔23(𝑘) + 𝑔24(𝑘) + 4𝐼𝑔)𝑓23(𝑘) − 𝑔23(𝑘)𝑠23(𝑘)                            (15)      

𝑁24(𝑘 + 1) = 𝑁24(𝑘) + (𝑔21(𝑘) + 𝑔22(𝑘) + 𝑔23(𝑘) + 𝑔24(𝑘) + 4𝐼𝑔)𝑓24(𝑘) − 𝑔24(𝑘)𝑠24(𝑘)                            (16)   

                              

Lower and upper bounds of green signal time are given by, 

(𝑔1𝑗(𝑘))𝑚𝑖𝑛 ≤ 𝑔1𝑗(𝑘) ≤ (𝑔1𝑗(𝑘))𝑚𝑎𝑥  ,   𝑗 = 1,2,3,4.                                                                                                   (17) 

(𝑔2𝑗(𝑘))𝑚𝑖𝑛 ≤ 𝑔2𝑗(𝑘) ≤ (𝑔2𝑗(𝑘))𝑚𝑎𝑥  , 𝑗 = 1,2,3,4.                                                                                                  (18)   

 

Cycle time of cycle k is given by the total green signal time and total inter green signal time: 

(𝑔11(𝑘) + 𝐼𝑔) + (𝑔12(𝑘) + 𝐼𝑔) + (𝑔13(𝑘) + 𝐼𝑔) + (𝑔14(𝑘) + 𝐼𝑔) = 𝐶1(𝑘),                                                        (19) 

(𝑔21(𝑘) + 𝐼𝑔) + (𝑔22(𝑘) + 𝐼𝑔) + (𝑔23(𝑘) + 𝐼𝑔) + (𝑔24(𝑘) + 𝐼𝑔) = 𝐶2(𝑘).                                                          (20) 

 

Lower and upper bounds of cycle time are given by, 

(𝐶𝑇1)𝑚𝑖𝑛 ≤ 𝐶1(𝑘) ≤ (𝐶𝑇1)𝑚𝑎𝑥  ,                                                                                                                                    (21) 

(𝐶𝑇2)𝑚𝑖𝑛 ≤ 𝐶2(𝑘) ≤ (𝐶𝑇2)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) ≤ 𝑁11(𝑘 + 1) ,                                                                                                                            (23)  

𝑠12(𝑘)𝑔12(𝑘) ≤ 𝑁12(𝑘 + 1),                                                                                                                             (24) 

𝑠13(𝑘)𝑔13(𝑘) ≤ 𝑁13(𝑘 + 1),                                                                                                                             (25) 

𝑠14(𝑘)𝑔14(𝑘) ≤ 𝑁14(𝑘 + 1),                                                                                                                             (26) 

𝑠21(𝑘)𝑔21(𝑘) ≤ 𝑁21(𝑘 + 1) ,                                                                                                                            (27) 

𝑠22(𝑘)𝑔22(𝑘) ≤ 𝑁22(𝑘 + 1),                                                                                                                             (28)  

𝑠23(𝑘)𝑔23(𝑘) ≤ 𝑁23(𝑘 + 1),                                                                                                                             (29) 

𝑠24(𝑘)𝑔24(𝑘) ≤ 𝑁24(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:  

𝑓11(𝑘)𝐶1(𝑘) ≤ 𝑠11(𝑘)𝑔11(𝑘),                                                                                                                                  (31)                                                                                                                         

𝑓12(𝑘)𝐶1(𝑘) ≤ 𝑠12(𝑘)𝑔12(𝑘),                                                                                                                              (32) 

[𝑓13(𝑘)(1 − 𝑒13(𝑘)) + 𝑑13(𝑘)](𝑔12(𝑘) + 𝑔13(𝑘) + 𝑔14(𝑘) + 3𝐼𝑔) ≤ 𝑠13(𝑘)𝑔13(𝑘),                                       (33)                                              

Here, 𝑓13(𝑘) = 𝑡22(𝑘)𝑠22(𝑘) + 𝑡23(𝑘)𝑠23(𝑘) + 𝑡24(𝑘)𝑠24(𝑘) 

𝑓14(𝑘)𝐶1(𝑘) ≤ 𝑠14(𝑘)𝑔14(𝑘),                                                                                                                                    (34) 

[𝑓21(𝑘)(1 − 𝑒21(𝑘)) + 𝑑21(𝑘)](𝑔21(𝑘) + 𝑔22(𝑘) + 𝑔24(𝑘) + 3𝐼𝑔) ≤ 𝑠21(𝑘)𝑔21(𝑘),                                       (35)                                                               

Here, 𝑓21(𝑘) = 𝑡11(𝑘)𝑠11(𝑘) + 𝑡12(𝑘)𝑠12(𝑘) + 𝑡14(𝑘)𝑠14(𝑘) 

𝑓22(𝑘)𝐶2(𝑘) ≤ 𝑠22(𝑘)𝑔22(𝑘),                                                                                                                                 (36)    

𝑓23(𝑘)𝐶2(𝑘) ≤ 𝑠23(𝑘)𝑔23(𝑘),                                                                                                                              (37) 

𝑓24(𝑘)𝐶2(𝑘) ≤ 𝑠24(𝑘)𝑔24(𝑘).                                                                                                                              (38) 
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2.2 Flow chart of the model and the method of solution 

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

 

III. 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 = ∑ ∑ 𝑊𝑖𝑗
2
𝑖=1

8
𝑗=1 𝑁𝑖𝑗(𝑘 + 1) 

                        Subject to  

                                                                  𝑠𝑖𝑗(𝑘)𝑔𝑖𝑗(𝑘) ≤ 𝑁𝑖𝑗(𝑘 + 1), 𝑖 = 1,2, 𝑗 = 1,2,3,4 

𝑓11(𝑘)𝐶1(𝑘) ≤ 𝑠11(𝑘)𝑔11(𝑘), 
𝑓12(𝑘)𝐶1(𝑘) ≤ 𝑠12(𝑘)𝑔12(𝑘), 

[𝑓13(𝑘)(1 − 𝑒13(𝑘)) + 𝑑13(𝑘)](𝑔12(𝑘) + 𝑔13(𝑘) + 𝑔14(𝑘) + 3𝐼𝑔) ≤ 𝑠13(𝑘)𝑔13(𝑘), 
𝑓14(𝑘)𝐶1(𝑘) ≤ 𝑠14(𝑘)𝑔14(𝑘), 

[𝑓21(𝑘)(1 − 𝑒21(𝑘)) + 𝑑21(𝑘)](𝑔21(𝑘) + 𝑔22(𝑘) + 𝑔24(𝑘) + 3𝐼𝑔) ≤ 𝑠21(𝑘)𝑔21(𝑘), 
                                                                     𝑓22(𝑘)𝐶2(𝑘) ≤ 𝑠22(𝑘)𝑔22(𝑘), 
                                                                     𝑓23(𝑘)𝐶2(𝑘) ≤ 𝑠23(𝑘)𝑔23(𝑘), 
                                                                     𝑓24(𝑘)𝐶2(𝑘) ≤ 𝑠24(𝑘)𝑔24(𝑘). 
                                                             (𝑔𝑖𝑗(𝑘))𝑚𝑖𝑛 ≤ 𝑔𝑖𝑗(𝑘) ≤ (𝑔𝑖𝑗(𝑘))𝑚𝑎𝑥  , 𝑖 = 1,2,   𝑗 = 1,2,3,4. 

                                                                  (𝐶𝑇𝑖)𝑚𝑖𝑛 ≤ 𝐶𝑖(𝑘) ≤ (𝐶𝑇𝑖)𝑚𝑎𝑥  , 𝑖 = 1,2 

(𝑔𝑖1(𝑘) + 𝐼𝑔) + (𝑔𝑖2(𝑘) + 𝐼𝑔) + (𝑔𝑖3(𝑘) + 𝐼𝑔) + (𝑔𝑖4(𝑘) + 𝐼𝑔) = 𝐶𝑖(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 ((𝑔𝑖𝑗(𝑘))𝑚𝑖𝑛) and a maximum value ((𝑔𝑖𝑗(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 (𝐶𝑇𝑖) 𝑚𝑖𝑛 , 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 (𝐶𝑇𝑖)𝑚𝑎𝑥 . 𝑖 =
1,2. 

The objective function consists of waiting parameters 𝑊𝑖𝑗 , 𝑖 = 1,2,  j = 1, 2, 3, 4 assigned to each lane at each 

intersection. The default value of 𝑊𝑖𝑗 , 𝑖 = 1,2,j = 1, 2, 3, 4 is assigned to 1. The objective function can be 

optimized by selecting different waiting parameters 𝑊𝑖𝑗  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. 

 

IV. 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 

𝑠𝑖𝑗= 0.5𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠/𝑠𝑒𝑐. , 𝑖 = 1,2, 𝑗 = 1,2,3,4. 

Inter green signal time is given by 

𝐼𝑔=1 sec. 

Weighting parameters of the lanes are given by 

𝑊𝑖𝑗=1 for 𝑖 = 1,2, 𝑗 = 1,2,3,4. 

Vehicle turning rates are fixed over the cycles: 

𝑡11 = 0.55, 𝑡12 = 0.12, 𝑡14 = 0.05, 𝑡22 = 0.05, 𝑡23 = 0.55, 𝑡24 = 0.12. 
Saturation flow rates are fixed over the cycles: 

𝑆13(𝑘) = 0.5, 𝑆21(𝑘) = 0.5. 
Vehicle exit flow are fixed over the cycles: 

𝑒13 = 0.6, 𝑒21 = 0.6. 
Vehicle demand flow are fixed over the cycles: 

𝑑13 = 0, 𝑑21 = 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: 𝑁11(1) = 10,  𝑁12(1) = 22,  𝑁13(1) = 11, 𝑁14(1) = 23 

                                      𝑁21(1) = 12,  𝑁22(1) = 24,  𝑁23(1) = 13, 𝑁24(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 

              
 

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. 

 

            

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: 𝑁11(1) = 42,  𝑁12(1) = 44,  𝑁13(1) = 28, 𝑁14(1) = 26,   

                                      𝑁21(1) = 25,  𝑁22(1) = 55,  𝑁23(1) = 24, 𝑁24(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 

                 
 

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. 

 

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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