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This paper presents two real time non-linear programming models according
to two special oversaturation conditions to minimize the aggregate delay time
of vehicles and the number of vehicles at each lane by minimizing the total
number of vehicles at the signalized intersection. These models are
developed under time varying incoming flow rates of vehicles. The most
important factor of traffic signal control is the number of vehicles in a queue
at the lanes of intersection. The initial number of vehicles at each lane at the
intersection is counted by a camera which is the most accurate method. The
modelsare developed to minimize the number of vehicles from cycle to
cycle. These proposed models include inter green signal time which is one of
the key factors compared to other existing models proposed in the past
research. These models also incorporate restrictions for upper bound for
green signal time allocation which leads to accurate and appropriate
allocation for green signal time. The lower bound of green signal time is
attained by oversaturation conditions of the models. The proposed models are
solved by the interior point algorithm method coded in MATLAB
environment.
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1. INTRODUCTION

The monitoring and controlling of traffic at a road is a major problem in many countries,
because number of vehicles in the roads increases daily that leads to traffic congestion problem.
Trafficcongestion wastes a huge amount of countries’ national income for fuel and creates traffic —
related environmental and socio economic problems. Improperly managed traffic intersections
contribute a lot to this traffic congestion.

Some existing optimization models to overcome the traffic control problem at a road
intersection are:Discrete minimal delay model [1], [2], Microprocessor Optimized Vehicle
Actuation (MOVA) [3], [4], Staged-based optimization [5], Webster’s Model [6], [7]and HCM
2000 model [8].

Traffic-signal is the most acceptable method of controlling traffic in busy intersections. Delay
[1] and the number of vehicles waiting are the important measures of effectiveness for signalized
intersections. This research considers the oversaturation level at road intersections, where the
intersections considered have four signals for a particular minimum cycle time, and the green time
is allocated for all four signals.

Our objective of this research is to formulate a mathematical model to minimize aggregate
delay [9] time of vehicles and the total number of vehicles which are waiting in the lanes of a road
intersection due to red signal by allocating sufficient amount of green time for each signal and
cycle time. To maintain the feasibility, the upper bound for cycle time and number of vehicles
waiting are restricted. The real time data is calculated by using cameras [10] installed in every
lane in the road intersection. This model is solved by interior point algorithm coded in MATLAB
environment [11].

2. PROPOSED METHODOLOGY

In this part we consider a signalized isolated intersection with four lanes namely Lane j, | =
1,2,3,4. We divide this intersection into four stages: in Stage 1, the green signal will be on for Lane
1, where the vehicles which are waiting at the Lane 1 can move into other three lanes through the
intersection as shown in the figure below:

Stage 1

S )
oOo——-———n0O o Lame2
O
Lane= 3
DOcamera O:[gnal .onsignal

Figure 1: Green signal for Lane 1.

Also, when the green signal is on for another lane the vehicles waiting in that lane will proceed to
other lanes in a similar manner as described above in the Figure 1.

2.1. Formulation of the Model

The notations used in this model are:

Lane j: j" lane at the road intersection, j=1, 2, 3, 4,

N;(k): Number of vehicles in Lane j at cycle k,

Ig;(k): inter green time for the signal for Lanei, i=1, 2, 3, 4 at cycle k,

w;: Weighting parameter of Lane j, j=1, 2, 3, 4,

t;(k): Allocated green time for the signal for Lane i, i=1, 2, 3, 4 at cycle k,

(t; (k))min: Minimum green time for the signal for Lane j, j=1, 2, 3, 4, at cycle k,
(t;(k))max: Maximum green time for the signal for Lane j, j=1, 2, 3, 4, at cycle k,
C (k): Cycle time at cycle k,
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CTpin: Minimum cycle time,

CTyy, 05 Maximum cycle time,
fj(k): Incoming flow rate of vehicles for the Lane j, j=1, 2, 3, 4 during maximum cycle
time at cycle k,
fj(ti(k)”gi(k)): Incoming flow rate of vehicles for the Lane j, j=1, 2, 3, 4 during allocated
green time and inter green time for the signal for Lane i, i=1, 2, 3, 4 at cycle k,
f'(ti(k)+1gi(k)) _ [ (o +1g:()

| :

CTmax

sj(k): Outgoing flow rate of vehicles for the Lane j, j=1, 2, 3, 4 at cycle k,

D;(k + 1): Aggregate delay time of vehicles in cycle k at Lane j, j=1, 2, 3, 4,

NT (k): Total number of vehicles at the intersection at cycle k.

The number of vehicles at oversaturated situation and aggregate delay time of four stages are
illustrated (modified from [12]) in the figure below:

Here,

(e (R +dg, (k) (o (b b+ Ega (k1) (£g (ke y+Egs (k) (rgl i+ lgaliel)
- at + A Fles = f
Dk +/1) stage 1
Nyqk) - o A — —
=, (&) . time
L T ————
£ (k) Tgy (k) tz20k)  Tgz(k) tz(k)  Igalk ty (K] Tgalhk)y
-
.—E‘:-J f(r_l:k:+lg_l:k:] frz!-:.'c:—a_g:.::{:; f;rS(k:HgS(k:: ff:_.'(k:-f_g_.'l:k:;
2 2 2 2
=4
= stage 2
= _ _
= M=(FD Da(h + 1) sz2(k)
E " time
4‘_‘5 }‘;‘(_r._l‘r'c:+{g._l__r'€:,'l ﬁi(rzl__k:+lgzl__k:1 ‘fnzr:gl_\_l‘l{:“'{_gg"k:J ‘f]fr_..l‘k:-f_g_..l__k:j stage 3
g 1o :
5 Nalk) 7 -
Dk + 1) =3(k)
time
fl;r._l:r'c:+{g._l:r'c:,'l ftzﬂl:k:+lg!|:k::l ffrgl:k:'f_ggl:k:,' fl"r_ll:k:-l—fg‘l:k:i
& El & E
Wak) ) stage 4
Dyik +1) =20k o Hme

Figure 2: Number of vehicles and delay of four stages at oversaturation situation.

The oversaturation condition for a particular lane is that the outgoing number of vehicles during
green signal should be strictly less than the total of the number of existing vehicles at the beginning
of the cycle and incoming number of vehicles during the previous stages green signal time and inter
green time.

The inequalities [13] which satisfy the oversaturation condition at each stage are given below:

5100ty (k) < Ny (k) + £ 900 (g, L)
s2 ()t (k) < Ny (k) + £ 909 O @ () + 19, (k)
+f2(fz(k)+192 (k))tz (k), (2)
s5(0ts (k) < Ny() + £L2OH9®) (¢ (1) + 19, (1))
+f3(t2(k)+1g2(k)) (tz (k) + Igz (k)) + fg(fs(k)Hgs(k)) ts (k), (3)

sa (), (k) < Ny() + £ 99O ¢ () 4 1g, (k)
+f4(t2(k)+1g2(k)) (tz (k) + Igz (k)) + f;l-(t3(k)+l.93(k))

k k
(t3(K) + Igs (k) + f1+0*194WDg, o, (4)
where £ (t00+10:00) - IO CCOMICD) 5 1534, 1 =1234.
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The aggregate delay time at each stage of the model is illustrated below:

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

In Stage 2, the aggregate delay time of vehicles for (k+1)" cycle (aggregate delay time of vehicles
at the end of k™ cycle) is calculated by the aggregate delay time of vehicles in the Lane 2 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 in Figure 2. Similarly for the other two stages, the total delay time for
(k+1)" cycle is illustrated in the Figure 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 Figure 2 as given below:

1 o

Dyl + 1) = M0 (t1(0) +19:(0)) +5 (6200) + 11 () 1192

+ <N1 (k) + £ (¢ o) 4 1g, (k))) (t2(k) + 19, (1))

1 .
+5 (600 +1g, (k) 2 +19:00)
+ <N1 (k) + £ RO ¢ 1) + 1, (k)
4 20020 ey 4 Igz(k))) (ts(k) + 1g3(k))
1 .

+5 (ts(K) + g5 (0) =19
* <N1 () + FEHEO 0y + 19,(0) + ;) (1,00 + 19,(0)
+ fl(tg(k)+1g3(k)) (tg(k) +1gs (k)))

1 . 1
(6400 +194000) + 5 (64 (0) + 1940”4715 - 25, (1) (12 (0)°
—s1 ()t (k) (g1 (k) + t2(k) + 1g, (k) + ta(k) + 1g3 (k) + to(k) + 1g4(k)), (5)

D (k + 1) = Ny (k) (t1.(K) + 193 (K)) + 2 (£, (k) + 19y (k)" £ 109+ ED 4 (Nz(k) +
1AM ¢4 (1) + 1, (k))) (6200) + 1g2000) +3 (t20) + 1g5J0))° f20011020 ¢
(Nz (k) + £ ®OT9O) ¢ o) + 19, () + £2®T2O) (¢ 1) + Igz(k))) (ts(k) +
195(0)) + = (t3.(k) + g3 () f{200+19:0) 4 <N2 (k) + £ 9O oy + 19, () +

20049 0) (¢ ey 4 1g,(0)) + £ OO (¢ (k) + 19, (k))) (ta (k) + 194 (K)) +

2 (ta (k) + 194 () LL4EII90D _ L, (1) (£,(0))” — 5, (R, () (19, (k) +
t3(k) + 195 (k) + to (k) + 194 (K)), (6)

Dyl + 1) = Ny(k) (t. (k) + 191 (K)) +5 (£, (k) + 19, (R)) {19+ <N3 (k) +

MO 40 + 1, (k))) (6200 +19200)) +3 (t200) + 1g (1)) 2019209 1
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<N3 (k) + £ O) ¢ ) + 1, () + £ 2P (1, 1) + Igz(k))) (ts(k) +
195(K)) + 3 (t3(k) + 1g3 (k)" £ 200+1920) <N3 () + £ OM9 DO (¢ (k) + 19, () +

fL®+18:09) ey 1 1, (1)) + B (4 (k) 1g3<k))> (ta(k) +19(K)) +

2 (ta k) + 194 (1)) L1090V _ 2, (k) (£5(K))” — s3(K) 3 (k) (195 (k) +

ta(k) +1g4(K)), ()
D4k + 1) = Ny() (11 (k) + 191 (0)) +3 (1) + 19, (k) {10+ D <N4(k) +
£A®HRO) ¢ ) +1g, (k))) (t200) + 192(0)) +3 (2 (k) + 1go (k)" £ 20 +1920D
<N4(k) + fB®HRO) ) 4 1g,(0) + £L2OT2O) (1) + Igz(k))) (£ (k) +
195(0)) + > (£3.(k) + g3 ()" [0 +19:0D 4 <N4(k) + (0RO ) + 19, (0)) +

£ 0) (4 ey 4 1g, (k) + £ OO (¢ () + Igg(k))> (ta (k) +1g4()) +

1 2 1 2
2 (ta k) + 194 (k) fE0OTI90D 25, (k) (£ () = 5404 (k)1 ga ), )
where £ (11190 - LIOCCOMICD) 54 534, i =1,234.

The numbers of vehicles in four lanes at the end of the cycle k is given by the following four
equations respectively. The equations are modified from [14]. First equation represents number of
vehicles in Lane 1 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 1 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 1. Similarly,
the number of vehicles in Lane 2, Lane 3 and Lane 4, at the end of cycle k (for cycle k+1) are given
by the remaining three equations respectively:

Ny(k + 1) = Ny (R)+ (6 () + 193 () A9 0) (¢, (s () + (2200 +

192G £ 1 (600 + 19300 54O g (000 +

g (i) £ 194) ©
Nk + 1) = Ny ()+(E5 () + 192 (N £ — (6, ()5, (K) + (64.(0) +

19, GNE 9O 1 (i) + 193 RNEE D) 4 (2, 00) +

19.(0)) ]cz(t4(k)+1g4(k)) (10)

Nk + 1) = Ny (k)+(t5 (k) + 1g5 () £ 299D _ (e (k)55 (k) + (£, () +
19, () AP0 ®) (k) + 19, G £ 9) 4 (e (k) +
19, (fy) £ 14 +1900) (11)

Na(k + 1) = Ny(k)*+(ta () + 19, () £ 29D _ (e, (k)54 (k) + (t1(k) +
191 () £\ D) L, (k) + 19, () L2999 4 (1, 0) +
1g5(k)) f4(t3(k)+zg3(k)) (12)
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where

0O+ _ fi(k) (&;(k) + Ig;(k))
j - ]

j = 1121374; i = 1,2,3,4.
CTmax

Lower and upper bounds of green signal time are given by
(k) min < ti(k) < (t:(k))max, 0 = 1,2,3,4 (13)

Cycle time of cycle k is given by the total green signal time and total inter green signal time:
(t1(k) +1g1(K)) + (tz(k) + 1g2(K)) + (t3(k) + 1g3(k)) + (ta(k) + 1g4(k)) = C(k) (14)

Lower and upper bounds of cycle time are given by
CTmin =< C(k) =< CTmax (15)

The incoming number of vehicles into the lane during a cycle time is less than or equal to the
outgoing number of vehicles from the lane during green signal time for that lane is also considered
as a condition. Each of the following four inequalities represents that condition for each of the
respective four lanes during cycle k:

fl(tl(k)+lgl(k))(t1(k) + 191(k)) + fl(tz(k)+1.92(k))(t2(k) + Igz(k)) + fl(t3(k)+lg3(k))(t3(k) +

1g5(k)) + £ E) (1 (1) 1 1g,(0)) < 5,.()t, (), (16)
fz(t1(k)+1.91(k)) (tl (k) + Igl(k)) + fz(tz(k)"'lgz(k)) (tz (k) + Igz (k)) + fz(t3(k)+lg3(k)) (t3 (k) +
1g5(0)) + £ E) (1, (1) 1 1g,(0)) < s, (0L, (K), (17)

f3(t1(k)+lgl(k)) (tl ) + g, (k)) n f3(t2(k)+192(k)) (tz (k) + 1g, (k)) + f3<t3(k)+1g3(k)) (t3 (k) +

195()) + £ P9 (1 (1) + 19, () < s5(0)t5(K), (18)
f4(t1(k)+1g1<k))(t1(k) ny gl(k)) n ﬁ(tz(k)ﬂgz(k))(tz(k) ny gz(k)) n f4(t3(k)+lgg(k))(t3(k) n
1g5(k)) + £ OO (1 () 1 1g,(k)) < 540, (k) (19)
where

GG _ fi (k) (t:(k) + 1g;(k)) 21234 i=1234

J CTmax
A special oversaturation condition is defined as o times 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. This condition satisfies the oversaturation conditions given in equations (1), (2), (.3)
and (4), along with above conditions given in inequalities (16), (17), (18) and (19). The following
set of inequalities represents the special oversaturation condition:

as;(k)tj(k) < Ni(k+ 1), j=123,4anda is a positive number. Upper bound of a depends on
the other variable values of the problem.

When the value of a decreases the number of waiting vehicles at the end of the final cycle will
decrease and number of cycles to converge to final cycle will increase. In this model two better
cases are considered.

Case I (0 =2)

The following set of four inequalities represent the special oversaturation conditions during cycle k
for the Lane 1, Lane 2, Lane 3 and Lane 4 respectively:

2s;(l)tj(k) < Nj(k + 1), j=1234 (20)
Casell (a=1)

The following set of four in equalities represent the special oversaturation conditions during cycle k
for the Lane 1, Lane 2, Lane 3 and Lane 4 respectively:

si(k)tj(k) < Nj(k+ 1), j=12,3,4 (22)
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2.2 Flow Chart of the Model and the Method of Solution

camera

Obtain the number of vehicles in each lane from

/

\

Formulate a nonlinear programming
model for real situation at road
intersection under special oversaturation
condition Case I and a condition which
is the incoming number of vehicles into
the lane during cycle time is less than or
equal to the outgoing number of vehicles
from the lane during green time for that
lane. In this model the incommng flow
rate of vehicles is calculated during inter
green-red-green signal time rather than
cycle time.

Formulate a mnonlinear programming
model for real situation at road
intersection under special oversaturation
condition Case II and a condition which
is the mcoming number of vehicles into
the lane during cycle time is less than or
equal to the ocutgoing number of vehicles
from the lane during green time for that
lane. In this model the incoming flow
rate of vehicles is calculated during inter
green-red-green signal time rather than
cvcle time.

e -

————

!

Determmne green time. cycle time, number of waiting vehicles
and aggregate delay time for Case I and Case II.

Figure 3: Flow chart for the model and the method of solution

3. RESEARCH METHODOLOGY

Two nonlinear programming models are developed under Case | and Case Il respectively.
Obijectives of the nonlinear programming problem model under Case | and nonlinear programming
problem model under Case Il are to minimize the number of waiting vehicles and aggregate delay
times of vehicles by optimizing total number of vehicles at the intersection subject to the Case |
oversaturation and Case Il oversaturation condition respectively, and the delay, additional
condition and some constraints related to the traffic signal control problem, which are described
above, are combined into the models formulation and is illustrated in sections 3.1 and 3.2
respectively to calculate the duration of the green signal time at the beginning of the cycle k:

In both models:

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;j(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 are assumed to be greater than or equal to (CT;)min, i =
1,2 and also, the sum of the total maximum green signal time values and inter green signal
time values are assumed to be less than or equal to (CT;)max-i = 1,2.

The objective function consists of waiting parameters W;, j = 1, 2, 3, 4 assigned to each
lane at intersection. The default value of Wj,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 interior point algorithm implemented in
the MATLAB optimization toolbox for the above nonlinear programming problem.

3.1 Nonlinear programming problem model under Case |
Minimize Z = Z?=1 WiN;(k + 1)
Subject to
Equations (9), (10), (11), (12), (13), (14), (15), (16), (17), (18), (19) and (20),
Di(k+1) =20, j=1234,
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3.2 Nonlinear programming problem model under Case Il

Minimize Z = ¥.}_, W;N; (k + 1)

Subject to

Equations (9), (10), (11), (12), (13), (14), (15), (16), (17), (18), (19) and (21),
Di(k+1) =0, j=12,34,

3.3 Hypothetical data set

One intersection is considered.to discuss these proposed models. Hypothetical data set is applied to
find optimum solution of the nonlinear programming problem model under each Case | and Case
.

In each lane the distance between upstream camera and downstream camera is150 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 150 m is 30.

Incoming flow rates of vehicles for the lanes are fixed over the cycles given by

f1=0.1 vehicles /sec., f, =0.18vehicles/sec., f3=0.1 vehicles/sec.,f,=0.18 vehicles/sec.

Outgoing flow rates of vehicles for the lanes are fixed over the cycles given by

s;= 0.4 vehicles/sec.,i = 1, 2, 3, 4.

Inter green signal time is given by Ig;=3 sec., j=1, 2, 3, 4.

Maximum cycle time is given by CT,,,,=90 sec.

4. RESULTS AND DISCUSSION

4.1 Results and discussion under Case |

Simulation results and corresponding graphs are given in the following Table 1, Figure 4and Figure
5 for scenario 1:

From camera readings: N; (1) = 16, N,(1) = 27, N3(1) = 19, N,(1) = 22

Phase sequence order (signal order): Lane 2 signal, Lane 4 signal, Lane 3 signal, Lane 1 signal
(corresponds to decreasing order of number of vehicles in lanes)

Table 1: Cycles and the optimum feasible results under Case | for scenario 1

C | Number of vehicles | Green signaltime | Cycle | Aggregate delay time of | Number of
ve | in lanes and total of | {sec.) time vehicles in lanes at the end | vehicles in lanes
le | that at the beginning t; (k) (sec.) | of the cycle (zec.) at the end of the
of the cycle j=1234 CiE D; ik + 1), cycle
Eo| Ni(k) [NT(k1] j=123.4 Ni(k + 1),
i=1234 j=1234
1 16 27 19 33 [847(15 233 17 21| 28 1019, 2007, 13253, 1673 [ 12 22 14 18
2 [12 22 14 18 [86] | 11 20 13 17|73 634, 1312, 923 1011 | 0% 17 10 14
3 |09 17 10 14 [30][08 15 09 13 (37 369, 785, 511, 332 |07 13 07 1D
4 [ 07 13 07 10 [37] )08 11 06 0% ) 44 222, 464, 277, 286 | 05 10 05 07
3|05 10 05 07 [277(04 0B 04 0634 124, 277, 133, 162 | 04 07 04 03
6 |04 07 04 05 [20]7[03 08 03 04 [ 28 83, 136, 101, 108 [03 03 03 04
7 |03 05 03 04 [157[02 04 02 03 [23 33, 02, 63, 68 [02 04 02 03
g |02 04 02 03 [II7[01 03 01 02 [1% 32, 62, 36, 36 [02 03 02 02
9 |02 03 02 02 [QO7(01 02 01 01f17 28, 43, 2, 33 [02 02 02 02
10 |02 02 02 02 O8] |01 01 01 0118 26, 2§, 30, 31|02 02 02 02
11 102 02 02 02 087|001 01 01 01118 26, 28, 30, 31002 02 02 02

In the Table 1 given above, the results of cycle 10 and cycle 11 are the same. If this process
continues into more cycles, the results will be the same as the results of cycle 10. Because of
oversaturation situation, some vehicles are still waiting in each lane in the last cycle (cycle 10).
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Total number of vehicles at each cycle at the intersection

cycle 11 o g
cycle 10 ou— g
cycled  sm— g
cycle 8 — 11
cycle 7 mu—— 15
cycle 6 mu—————— 0
cycle5  ou—————— 7
cycled o ————————————— 37
CYCle 3 o ()
CYC1e 2 o GG
CY €l o S|

0 10 20 30 40 50 60 70 80 90

Figure 4: Total number of vehicles at each cycle in Lane 1, Lane 2, Lane 3 and Lane 4 under Case
| for scenario 1

Aggregate delay time in seconds at each cycle in four lanes
Lane4 mlLane3 MLlane2 MWlanel

cycle 11

cycle 10

cycle 9
cycle 8 !.
cycle 7 i.
cycle6 Biam
|

cycle5 B
—

Cycle 4 e

|
cycle 3 B e—

cycle 2 5

cycle 1 e —

0 500 1000 1500 2000 2500

Figure 5: Aggregate delay time at each cycle for Lane 1, Lane 2, Lane 3 and Lane 4 under Case |
for scenario 1

Simulation results and corresponding graphs are given in the Table 2, Figure 6 and Figure 7 for
scenario 2 below:

From camera readings: N;(1) = 09, N,(1) = 10, N;(1) = 07, N,(1) = 14

Phase sequence order (signal order): Lane 4 signal, Lane 2 signal, Lane 1 signal, Lane 3 signal
(corresponds to decreasing order of number of vehicles in lanes)
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;I'able 2: Cycles and the optimum feasible results under Case | for scenario 2

Cy | Nomber of vehicles in | Green signaltime | Cycle | Aggregate  delay | Number of vehicles
cle | lanes and totzl of that at | (sec.) time | time atthe end ofthe | in lanes at the end
k| the beginning of the | t;(k).j = 1234 | (sec) | cycle (sec) of the cycle
cyele C(r) Di(k + 1), Ni(k + 1),
Ni(k)  [NT(k)] j=1234 j=1234
j=1234

1 02 10 07 1440708 02 08 12|47 299, 382,203 303 |08 02 05 10
2 05 08 05 10291005 07 04 08|38 155, 231, 161, 165 | 04 06 04 07
3 04 06 04 07 J217)03 05 03 06|29 86, 130103, 106 |03 04 03 03
4 03 04 03 05[13])02 03 02 04|23 3, 75 62, 63|02 03 02 04
3 02 03 02 04117001 02 01 0318 32, 47, 33 34 ([02 02 02 03
& 02 02 02 03 [097)01 0f 01 02|17 28, 30, 31, 32 (02 02 02 02
7 02 02 02 02 087|001 O 01 0118 26, 28 30, 31|02 02 02 02
2 02 02 02 02 J0s])01 ol 01 0118 26, 28 30 31|02 02 02 02

[}

In Table 2 given above, the results of cycle 7 and cycle 8 are the same. If this process continues
more cycles, the results will be same as the results of cycle 7. Because of oversaturation situation,
some vehicles are still waiting in each lane in the final cycle (cycle 7).

cycle 8
cycle 7

cycle 6

Total number of vehicles at each cycle at the intersection

A 3

I 3

I O

0

Figure 6: Total number of vehicles at each cycle in Lane 1, Lane 2, Lane 3 and Lane 4 under Case
| for scenario 2
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Aggregate delay time in seconds at each cycle in four lanes
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Figure 7: Aggregate delay time at each cycle for Lane 1, Lane 2, Lane 3 and Lane 4 under Case |
for scenario 2
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4.2 Results and discussion under Case 11

Simulation results and corresponding graphs are given in the following Table 3, Figure 8 and

Figure 9 for scenario 1:
From camera readings: N; (1) = 16, N,(1) = 27, N3(1) = 19, N,(1) = 22
Phase sequence order (signal order): Lane 2 signal, Lane 4 signal, Lane 3 signal, Lane 1 signal
(corresponds to decreasing order of number of vehicles in lanes)

Table 3: Cycles and the optimum feasible results under Case Il for scenario 1

C | Number of vehicles | Greensignaltime | Cycle | Aggregate delay time of | Number of
ve | in lanes and total of | (sec.) time | vehicles in lanes at the end | vehiclesin lanes
le | that at the beginning t; (k). (sec.) | of the cycle (zec.) at the end of the
of the cycle j=1234 8] D; (k+ 1), cycle
kLN (k) INT(kY] j=1234 N (k+1),
j=1234 j=1234
1 |16 27 1927 [84]|19 19 19 19|38 906, 2117, 1304, 1891 | 11 23 14 1%
2 |11 23 14 18 [66] |16 20 20 20| &8 548, 1718, 1036, 1240 | 07 19 0B 14
3 ]07 19 08 14 [487[11 29 13 22| %7 351, 1155, 617, 698 |05 12 05 09
4 |05 1205 09 [317]07 17 07 13|36 150, 454, 243, 263 | D3 07 03 08
31030703 06 19704 09 04 08|37 62, 180, 93, 97 |02 04 02 04
6 |02 04 02 04 MI27[02 05 02 05|26 34, 71, 45 44 (01 02 01 02
7010201 02 Jos][01 02 01 02|18 12, 27, 15, 16|01 01 01 01
2 1010101 01 04701 01 01 0118 10, 12, 14, 1301 01 01 O
D 010101 01 04701 01 01 0118 10, 12, 14, 15001 01 01 01

In the Table 3 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).

cycle 9
cycle 8
cycle 7
cycle 6
cycle 5
cycle 4
cycle 3
cycle 2

cycle 1

Figure 8: Total number of vehicles at each cycle in Lane 1, Lane 2, Lane 3 and Lane 4 under Case
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Aggregate delay time in seconds at each cycle in four lanes
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Figure 9: Aggregate delay time at each cycle for Lane 1, Lane 2, Lane 3 and Lane 4 under Case Il
for scenario 1

Simulation results and corresponding graphs are given in Table 4, Figure 10 and Figure 11 for
scenario 2 below:

From camera readings: N; (1) = 09, N,(1) = 10, N3(1) = 07, N,(1) = 14

Phase sequence order (signal order): Lane 4 signal, Lane 2 signal, Lane 1 signal, Lane 3 signal
(corresponds to decreasing order of number of vehicles in lanes)

Table 4: Cycles and the optimum feasible results under Case Il for scenario 2

Cy | Number of vehicles in | Green signaltime | Cyele | Aggregate  delay | Number of vehicles
cle | lanesandtotal of that at | (sec.) time | time atthe end ofthe | in lanes at the end
k| the beginning of the | f;(k).j = 1234 | (sec) | cycle (zec) of the cycle
cycle Cik) Dk + 1), Ni(k + 1),
Nk} [NT(K)] j=1234 j=1234
j=1234

1 08 10 07 14[407[13 15 10 2070 346, 304, 412, 445 |05 07 D4 09
2 05 07 04 0925707 10 03 12|48 24,223, 136, 157 |03 04 03 03
3 03 04 03 05 [15]|04 05 04 0831 51, B8 73, 83|02 02 02 03
4 02 02 02 Q309702 02 02 04[22 29, 34 37 38|01 01 01 02
3 01 01 01 Q2 JO5]|01 01 01 02)17 11, 13, 14, 15)01 01 01 M
6 01 01 01 oro4p(o1 01 01 0118 10, 12, 14, 15)01 01 01 M
7 01 01 01 oL 04701 91 01 0118 10, 12, 14, 13)01 01 01 O

In Table 4 given above, the results of cycle 6 and cycle 7 are the same. If this process continues
more cycles, the results will be same as the results of cycle 6. Because of oversaturation situation,
some vehicles are still waiting in each lane in the final cycle (cycle 6).
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Total number of vehicles at each cycle at the intersection
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Figure 10: Total number of vehicles at each cycle in Lane 1, Lane 2, Lane 3 and Lane 4 under
Case |l foe scenario 2

Aggregate delay time in seconds at each cycle in four lanes
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Figure 11: Aggregate delay time at each cycle for Lane 1, Lane 2, Lane 3 and Lane 4 under Case |1
for scenario 2

5. CONCLUSION

In this research paper, the developed models under control of two special oversaturation conditions
along with some other control conditions are interfaced with the fmincon interior-point algorithm
coded in MATLAB environment to create a real time optimized signal time control platform at a
road intersection. In those models the incoming flow rate of vehicles at each lane is calculated
during inter green-red-green signal transition time rather than cycle time. These models estimate
green signal time of each signal for a particular cycle using the number of vehicles from camera
reading at the beginning of that cycle. This process can continue cycle to cycle. But, we analyzed
performance of vehicles only taking camera readings for the first cycle and for the rest of the other
cycles, the number of vehicles at the intersection will be calculated using the results of the previous
cycle. Those integrated models are applied to a hypothetical intersection. The results of the
estimation show that the proposed mathematical modelsproduce better results than the other
existing optimization models.
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