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Abstract

In this study, five adjacent intersections on three links in Sulaimani city were selected to study the
attainability of coordinating them by calculating the coupling index as an attempt to find a solution for
some traffic problems which exist in these intersections. Based on the coupling index limited or simple
progressive system was used in this study. The coordination between Mamostayan and Yakgirten
intersections on Mamostayan! link and between Palace, Aqaree and Engineering intersections on Saliml
and Salim2 links respectively had been studied. For each intersection in this study, traffic and geometric
data were collected by various methods to find the elements which are necessary to obtain the
coordination goal. These elements are peak hour volume, passenger car equivalent, saturation flow, link
speed, approach speed, intersection stopped delay, and approach and intersection control delay, before
and after coordination. In addition, the evaluation was made whether the two direction coordination is
available for application or not by calculating the attainability factor and identifying its efficiency. The
study demonstrates that the coordination between these intersections gives good results for one direction.
But the coordination between Palace and Agqaree intersection (Saliml link) in one direction or two
direction progression gives best results.

Keywords: Traffic Signal, Signalized intersection, Signal Coordination, Signal
Progression.

Introduction traffic signal control will be adequate
s population and car ownership for operating the current roadway
continues to grow, the demand systems at maximum capacity.
on our existing transportation Significant improvements in traffic

system will become increasingly hard to flow and reductions in vehicular delay

meet. may be realized by interconnecting
Sulaimani city is one of Iraqi individual, isolated intersections into a

Kurdistan cities, which is located in a coordinated signal system, or by adding

mountainous terrain and due to its an adjacent signal to an existing

narrow streets and relatively large progression system.

traffic volumes, it has many traffic “Traffic signal coordination is when

problems, which cause discomfort to two or more traffic signals are working

thousands of motorists, loss of time, and together so that cars moving through a

affect the economy of Kurdistan region. group of traffic signals will make the

The streets of the city are unlikely to least number of stops possible ” .
expand much due to cost and dwindling In order for this to happen, each
land supply especially in central area, so traffic signal in the group of signals
intelligent systems such as advanced must allow for a green light for all

* Cited from M.S.c. thesis. 35
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directions of travel during the correct
fixed time period. However, traffic
signal coordination does not mean that
drivers will never have to stop for red
light because of some reasons which
affect on the amount of time available
for green light in that direction, those
reasons are pedestrian crossings, Cross
traffic, left turn signals, two-way traffic
flow and off-peak traffic periods M,

Objective

The main objective of this research is
to provide the foundation for the
coordination of fixed time signals of
some successive intersections on the
selected arterials of the city (which their
signal timing are not designed
adequately nor coordinated); hence,
minimizing the number of stops, delays
and traffic jam, and optimizing the
capacity of these intersections.

Methodology
This section explains the elements,
which are necessary for the data
collection and analysis and the
equations used:

1- Passenger car equivalent (PCE)
Headway method, suggested by
Gwyn, Reilly and Seifert @ ysed to
determine the PCEs.
This method 1is based on
headways, and its basic equation is
given as:

Where:

Er = Passenger car equivalent

h;= Average headway for a sample of
cars and truck

h,= Average headway for passenger
cars only

b= Proportion of cars
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b,= Proportion of trucks

2- Saturation flow rate
HCM2000®) method was used for
determining saturation flow.

3- Link speeds
i- Link speed

The speed data for the links between
the surveyed intersections  were
measured by observations made by a
moving vehicle (test car) method during
the peak hour.

The observers in the test car made a
number of test runs (at least 6) for each
link and they recorded the required
observations. From these observations,
the mean speed and numbers of vehicles
passing along a street could be obtained
for all classes of selected vehicles.

ii- Mid-link spot speed

A spot speed study is carried out by
recording the speeds of a statistically
sufficient sample of vehicles at mid-link
locations.

4- Traffic volume
i- Link volume

The link volume data is obtained from
the observations made by the moving
vehicle method.

ii- Intersection volumes

Video recording technique was used
for the determination of intersection
volumes.

5- Optimum cycle time

In this study Webster @ method for
fixed-time signal control was selected.
6- Coordination of traffic signals
i- Control strategy

For determining intersection control
strategy the coupling index, L, 1s
calculated for each link from two way
peak hour volumes and link lengths:
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d.  Link length (m)

A% Two direction peak hour link
volume (vph)
I Coupling index

When 1. is greater than 0.5, signal
progression is recommended. As the
link volume increases, so does the need
to provide signal progression. Based on
the coupling index, the signal 1is
classified as an isolated, arterial,
crossing arterial, or dense network
intersection: © i
1.Isolated I, <0.5 for all directions.
2.Arterial I. > 0.5 for major street only.
3.Crossing arterial L. > 0.5 for major

street, and at least one side

street link.
4.Dense network
major  street
links.

Based on the coupling index the best
control strategy was used in this study.

I. > 0.5 for both the
and minor street

ii- Signal operational strategy

The critical volume ratio, (v/c) ratio,
and turning movement percentages are
determined from peak hour volumes for
each approach. The capacity (c) was
determined following the HCM 2000
method. Then v/c ratio was calculated
in order to determine how likely the
approach is to function as pretimed.

Then best signal operational strategy
is selected from the most appropriate of
the two signal control shown in Table
(1). Depending on the variability of
traffic patterns during the day, multiple
worksheets can be prepared to justify a
combination of signal operation modes
used at different times of the day.

iii- Time-space diagram
To design a coordinated system, (to
identify the green bandwidth at the
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target intersection and its effect on the
overall progression of the arterial), and
to determine the quality of signal
progression, time-space diagrams were
constructed.

iv- Bandwidth efficiency

This is simply the proportion of the
cycle that is included in through green
bands, extending the entire length of the
system. A simple Time Space Diagram
TSD showing perfect time-space
progression illustrates the concept.
Mz?glematically, efficiency is calculated
as '

B=S6 Be Jonaune. dancnny )

2C

Where:

By, B,= Bandwidths in the forward (f)
and reverse (r) directions with
respect to the arterial orientation
respectively, (sec).

E= Bandwidth efficiency

C= Cycle length (sec).

v- Bandwidth attainability

The attainability is the ratio of the
total bandwidths to critical phase
lengths for each of the directions on the
arterial. Attainability is a measure of
how much of the maximum available
green is used for through progression.

This Measure Of Effectiveness
(MOE) is a quantitative parameter
indicating the performance of a
transportation facility or service is only
reported by PASSAR-II"’., We can
easily see that if attainability on a two-
way street is less than 0.5, we can
almost certainly improve the overall
progression, including efficiency, by
providing "perfect" one-way
progression in the peak direction.
Attainability is computed as follows X,
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i

A Bandwidth attainability

The critical (or minimum)
green  periods  (including
change periods) in the forward
(f) and reverse (r) directions
with respect to the arterial
orientation respectively, (sec).

Gfa Gl‘

7- Traffic delay
i- Approach delay

Approach stopped time delay was
computed as follow e

Total delay = total number of vehicles
observed x  observation interval
(5)

Average delay per stopped vehicle =

total delay / number of stopping
VEDICIES .. exwwancn s cmmune nn s ansmumosans (6)
Average Delay per approach vehicle =
total delay / approach volume
........................................ (7)
percentage of vehicles stopped =

number of stopping vehicles/ approach
OIAEINE ™ roais 25 7 35 s s Sty vl (8)

The method suggested by HCM
2000°) was followed to determine the
approach control delay.
ii-Intersection delay

The procedure for delay estimation
yields the control delay per vehicle for
each lane group. It is often desirable to
aggregate these values to provide delay
for an intersection approach and for the
intersection as a whole

_ 247
A

= 9
N7 9)
Where:
da = Delay per vehicle for intersection
A (sec/veh)

d; = Delay for approach i (sec/veh)
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V; = Two direction peak hour volume
(vph) for approach i

Data collection
1- Selection and description of study
area

In order to fulfill the objectives of this
study three 6-lane divided urban arterial
roads were selected including five
intersections. The selected links are
Mamostayanl, Saliml and Salim2. The
studied intersections were Mamostayan
(M), Yakgirten (Y), Palace (P),Aqaree,
and Engineering (E). See Tables (2) and
(3) and Figure (1) for details.

2- Collection of the required data
i- Period of data collection

The data of peak hours between 7:30
AM and 9:00 PM was selected.

ii- Methods of data collection

Manual method, moving vehicle
method, and video recording technique
was used in this study.

The following data were collected
manually :

1. Saturation flow

2. Intersection delay

3. Mid-link spot speed

The link speed and volume data were
observed using moving vehicle
technique at peak hours.

The remainder of the data were
collected by video-based technique,
which overcomes many of the
difficulties in collecting traffic data.

iii- Data abstraction

The data abstraction process was
mainly achieved by replaying the video
film and with the aid of a computer
program named EVENT @ The
abstracted data was then processed,
using Microsoft Excel program and
output data files from EVENT program.
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Data analysis and discussion
The collected data have been analyzed
as follows:

1- PCE — values

Using equation (1), PCE- values were
determined. Because of low percentages
of heavy vehicles, PCEs are near to one
(between 1.02 to 1.28).

2- Saturation flows
The results of saturation flows are
shown in Table (4) below.

3- Link speeds

Table (5) shows the results of link
average travel and running speeds

The mid-link spot speed data were
statistically —analyzed using SPSS
version13 software'”. Some statistical
parameters were determined and
presented in Table (6).

It can be realized that there is a big
difference between link running and
Mid-link mean speeds, see Table (7).
This may be due to decelerations and
accelerations near approaches to
intersections, intermediate spacer, and
uncontrolled  crossing  walk  for
pedestrian in the link.

4- Intersection traffic volume data
Figures (2) through (6) are showing
results of peak hour volumes.

5- Signalization plans

Isolated signalization plan for the
studied intersections was prepared.
Cycle times for most of the intersections
yield the maximum value; therefore,
they were taken as 120 seconds. Then
cycle times were split between phases
with respect to their traffic volumes.

6- Coordinated signalization plan for
the studied intersections
It should be noted that all signals
within the same signal system must
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generally have the same cycle length, to
make it possible for the pattern of
timings to repeat every cycle. Special
conditions, however, may make a
limited number of multiple or
submultiples cycle lengths desirable.
This is the only reason, which makes
signal time for “E” intersection to be
changed.

The coordination application in the
study area should be checked to know
whether it is improved or not, and if the
coordination application is fulfill, then
the mode of coordination operation
should be found out. To gain this check
the coupling index was calculated using
equation (2). See Table (8) for results.

From Table (8) it is obvious that
coupling index is greater than 0.5;
therefore, all intersections are
appropriate for coordination.

All intersections have v/c value more
than (0.8); therefore, according to Table
(1) and taking the turning movements

into consideration, pre-timed
coordination 1s favorable mode of
coordination.

i- Coordination of traffic signals
under prevailing conditions

In this case, the prevailing traffic
conditions used in the analysis and no
improvements was recommended. The
running speeds from the moving vehicle
method were used in the analysis.

The coordination could be designed as
one-direction, which achieves greater
bandwidth, or two-direction
coordination. See Table (9) for offsets
and bandwidths.

For Mamostayanl link the
coordination was made in (M-Y)
direction for (straight of North) and (left
of East) of M intersection and in (Y-M)
direction for the (straight of South) of Y
intersection.

It can be seen that there is no
difference in bandwidths, because
coordination  —through band— is
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restricted by the smaller green time
which is in East of Y intersection.

For Salim1 link the coordination was
made in (P-A) direction for (left of
South) and ‘(right of North) of P
intersection and in (A-P) direction for
(straight of West) and (left of North) of
A intersection.

For Salim2 link the coordination was
made in (A-E) direction for (straight of
East) of A intersection and in (E-A)
direction for (straight of West) and (left
of North) of E intersection.

It can be seen that two direction
coordination between M -and Y
intersections have too small bandwidth,
so it is not preferable to be of two
direction coordination.

ii- Coordination of traffic signals

under controlled traffic
conditions
To increase the efficiency and

attainability, the use of traffic signs is
recommended to prevent pedestrian
crossing outside crossing areas. This
prevention increases the running speed.
The controlled running speed can be
used to give more efficient
coordination. The speeds were changed
from the average running speed to mid-
link mean spot speed to give greater
bandwidths.

In the case of one direction
coordination for both studied links, the
offsets are changed, and there is no
change in bandwidth and average
control delay by increasing average
running speed, because the bandwidth
depends on the green split and then on
running speed. Also, average control
delay for intersections is affected by
green split and volume of the
intersections and not by the average
running speed.

In the case of two direction
coordination, both the offsets and the
bandwidths are changed.
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iii- Comparison between different
coordination approaches

Comparisons  between  different
coordination approaches are presented
in Table 9.

iv- Bandwidth efficiency

Table (10) shows results of bandwidth
efficiency which were obtained by
equation (3).

These results show that the maximum
efficiency for the coordination under
prevailing conditions is equal to 23%
for Saliml link and maximum
efficiency for coordination under
controlled conditions, which is 25%, for
the same link. Generally, the efficiency
for controlled condition will be greater
than prevailing conditions, because
greater portion of green times for the
phases are used in the coordination.

v- Bandwidth attainability

Table (10) also shows results of
bandwidth attainability which were
obtained by equation (4).

MnDOT © mentioned that, if
attainability on a two-way street is less
than 0.5, it can almost certainly improve
the overall progression, including
efficiency, by providing “perfect” one-
way progression in the peak direction.

The values of attainability more than
0.5 can provide two way progression
and those which are less than 0.5 can be
improved by providing one way
progression. The type of progression
that can be provided is shown in Table

(11)

8- Traffic delay

The results are shown in Figures (7)
and (8) and Tables (12) and (13).

These results show that coordination
has good effect on reducing the traffic
delay for all approaches and, therefore,
for all studied intersections. This
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reduction in the traffic delay results in
higher levels of service (LOS) for most
of the approaches.

A comparison between control delay
before & after coordination for the
approaches and intersections may be
remarked in same Figures.

Conclusions and recommendations
1- Conclusions

The following conclusions drawn
from the analysis of the data:-

1. The coordination without
controlling the traffic is as
follows:

i. Coordination between M and Y
intersection is possible in one
way and two way progression
with efficiency =11%.

ii. Coordination between P and A
intersection is possible in one
way or two way progression
with efficiency =23%.

iii. Coordination between A and E
intersection is possible in one
way progression only from A
to E intersection.

iv. It can be seen that coordination
in Salim1 street is best suited
than the  other  links
coordination, because the
efficiency of the coordination
is greater than the efficiency
of other links coordinated.

2. The coordination with controlling
links speed are as follows

i. Coordination between M and Y
intersection is possible in one
way and two way progression
with efficiency =16%.

ii. Coordination between P and A
intersection is possible in one
way or two way progression
with efficiency =25%.

iii. It can be seen that coordination

in Salim1 street is best suited than

the other links coordination,
because the efficiency of the
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coordination is greater than the
efficiency  of  other  links
coordinated.

3. The range of intersection control
delay before coordination is
between 52.9 s/veh in Engineering
intersection and 104.3 s/veh in
Mamostayan intersection. While
after coordination it will be
between 35.24 s/veh  in
Engineering  intersection  and
90.60 s/veh in Mamostayan
intersection  resulting in a
reduction in the value of
intersection control delay between
13.4% in Engineering intersection
and 33.38% in Mamostayan
intersection.

2- Recommendations

1.

Offering a proposal for executing the
coordination on Saliml link because
it gives the best result in this study.

.To control the traffic in the study

area, traffic control devices and
illumination on all streets and
intersections should be provided.

. It is extremely important to remember

that the timing of two way signal
system is considerably simplified
when the block lengths are essentially
equal.  Therefore, consideration
should be given regarding this factor
in developing any new city plans.

. Length of links, as much as possible,

should not be more than % mile
(800m), because links which have
length more than ' mile (800m) do
not give good result for the
coordination.

. Studying the coordination for other

modes like actuated, adaptive
progression ..... etc.

. Studying vehicle tail pipe emission

for the coordinated intersections.
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Table (1) proposed signal control at
specific intersections along arterials

Cross : Arterial volume/cross
Turning
street street volume
raffic movem-
ents <13 >1.3
v/c
Low- <20 % 11Xctuated Actuated?2
moderate A
v/c<0.8 >20 % ) e Actuated
Highv/c | <20 % | Pretimed Pretimed
>0.8 >20% | Pretimed Pretimed
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Table (2) Geometric data for studied links

Lik | “Giecron | ce oo
Mamostayan1 3 830
Saliml 3 780
Salim2 3 1100

Table (3) Geometric data for studied
intersections

S S = E |55 3
o) g 2 BlO = = 3% 4
= = < = - = E Q
El Bl 3| LS R EE

& A ° = =3 7

1 R 3.06
E [ 2 L+T | 3325 | 971 | -0.8
3 L+T | 3.325
A 4 R 3.57
2| s [ 5 | L+#T | 350 | 1057 | -29
§ 6 L+T 3.50
g 7 R 4.3
< 8 T 337
ElW i T3] 1441 | 35
= 10 | L+T 337
1 R 4.00
N [12 [ L+T | 3325 | 10.65 %‘7
I3 [ LT | 3.395
B ] R 54 54
2 R 4.40

S [ 3 LT 3 104 | -1.55
9 4 L+T 3
= 5 R 2.87
2l W[ 6 L+T 287 | 861 | -21
%” 7 L+T 2.87
S 8 R 4.70

9 T 3.67
+2.
N Mo o1 e P71 %1
1 L+T 3.67
1 R 4.40

E [ 2 L+T 3.95 123 | 37
£ 3 IFT 3.05
P 4 R 4.0
é s [ s AT 3.17 | 1034 | -0.95
= 6 LET 3.17

7 R 3.8 2.6

W 5% ) 4.49 829 %

] R 4.30
2 T 35
+

il - i 14.6 0.6
5 4 L 33
= 5 R 3.65
8 6 T 34
5| S = - e 13.75 | -1.35
< 8 L 33

W 9 L+T+R 2.9 538 +(;.3

10 | L+T 2.9




Zanco, Journal of Pure and Applied Sciences / Salahaddin University — Hawler ......... Vol. 20 No.4

4.7

I R
ol N [Z [T S #5) efiBd
= 3 T 3.7
= 4 T 3.25
8| s [ 5 ¥ 3.25 6.5 | -3.65
) 6 L 5.90
o 7 R 35
Weir— : . 6.7 | -0.25
Table (4) Saturation flow (pcphpl)for all
studied intersections.
Intersection hon East ouL | e
h h t
Ilfamo“aya 1639 135 1597 | 1449
Yakgirten 1340 | ---- | 1235 | 1437
Palace @ | --—--- 138 1459 | 1984
Aqaree (ST) | 1379 | ----- 1367 | -----
Aqaree (L) 1634 | ----- 1637 | -----
Aqaree | ---—= | =mem | -ee- 1486
Engineering | 1646 | ----- 1615 | 1586
Table (5) Link average travel & running speeds
= = ~ | > o g on
5|5 |EgBEEseE55 8
. M-
22 v 50 21.8 34.4 830
=S
s 2 Y-
S M 87 16.9 33.2 830
S |P-A| 21 | 274 | 343 781
S lap| 23 | 252|321 781
‘g A-E 1 39.2 39.8 1103
S |E-A| 38 | 265 | 353 | 1103

Table (6) Results of statistical analysis of
mid-links spot speed data

. Sample Wfeiin | |00, Star}da.rd

Link size (kph) | (kph) Deviation
) | VPV PV (kph)

I\\/I,- 101 543 | 66.10 9.5

Y-

M 103 59.7 | 69.50 10.8
P-A 108 45.6 | 54.80 7.5
A-P 103 51.0 | 61.90 9.9
A-E 108 543 | 66.40 10.5
E-A 100 52.1 | 61.10 8.5

43

Table (7) Mid-link mean speed and link

average running speed
Mid-link Running
Link Mean speed
speed(kph) (kph)
M-Y 54.3 34.4
Y-M 59.7 33.2
P-A 45.6 34.3
A-P 51.0 32.1
A-E 54.3 39.8
E-A 52.1 35.3
Table (8) Coupling Index for all links
. Volume Leng Eouplin
Link (2 way)vph th
g Index
(m)
i 863 830 | 1.04
tayanl
Saliml 1803 781 23
Salim2 2161 1103 1.96

Table (9) Offsets & bandwidths of all
intersections for different methods

E| § |ssgldc| % )
- = 52 Z 8% o =R
8 |88 £S| B | &
M-y P 1 90 17.3
§ M-Y P 1 87 17.3
Sly-Mm| P 1 90 17.6
glymM| P |1 78 9.5
§ Y-M C 2 78 19
Yy-M| C 2 53 22
P-A p 1 | 101.5 | 147
P-A 3 1 | 819 | 235
P-A P 1 | 819 | 245
— | AP 3 1 | 875 30
E[TAP | P [ 2 | 815 [ 30
@ [ AP p 2 | 51.0 11
A-P 3 2 | 815 30
A-P P 2 | 51.0 11
A-P C 2 | 51.0 36
~ | AE p 1 88 14.7
ECAE [P [ 1 [ 617 25
© [ A-E p 1 | 61.7 | 245
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Table (10) Bandwidth Efficiency and Table (12) Approach control delay before and
attainability for all intersections after coordination
g g M = Approach control | Reduction
g i~ s = Ap delay sec/veh in
= g 2 2 S Inter.
2 = & 5 N P | Before | After approag:h
S S e 8 delay (%)
2]
o ~ M < N | 106.95 | 98.85 5
§ = P 2 0.11 0.53 M E 94.41 76.11 19.38
E % C 9 0.15 0.71 S | 101.24 | 88.89 12.20
> C 9 0.16 0.77 W | 154.4 | 144.88 6.17
P 1 2 1019 057 S | 9587 | 71.98 | 2492
o [Pz Tone oe| | ¥ prpmssiml o
= s 0.69 : . .
= 112 ; 8 fi 033 S 60.04 | 37.26 37.94
= : P E 60.78 41.84 31.16
L 4 | G20 ] B W | 141.96 | 13236 | 6.76
! S 72.64 54.38 25.14
Tablg (11) Tyge: of progression that A W | 847 76.76 937
can e B . N | 7514 | 634 | 1562
! Ype Of PrOgT=SSIon N | 4487 | 2277 | 4925
One direction
Mamostayanl | Two direction with . E SL | 71.39 62.96 11.81
low efficiency Wl 6729 | 585 | 13.08
. One direction L
Saliml ———
Two direction
Salim2 One direction Table (13) Intersection control delay before
and after coordination
g Intersection
b control delay Reduction in
Qé (s/veh) approach
k3 delay (%)
5 | Before After
M | 1043 90.6 13.14
Y | 102.2 87.26 14.62
P | 63.6 43.11 3222
A | 75.7 61.64 18.57
E | 52.9 35.24 33.38
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Figure (2) summary sheet for Mamostayan
intersection
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Figure (3) summary sheet for Yakgirten
intersection
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Figure (4) summary sheet for
Palace intersection

0%l T
O

@)
= -

D

o U

Figure (5) summary sheet
for Agaree intersection
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Figure (6) summary sheet for
intersection

Engineering

O control delay before coordinaion
@ control delay after coordination

Control delay (sec/veh)
PO =T~ B~
o =] o o o o o

P
Intersections

Figure (7) Approach control delay before and
after coordination

Controldelay (sec/veh)

Engineering

Mamostayan Yakgirten palace Aqare
Intersections

Figure (8) Intersection control delay before
and after coordination
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Loy
sgCaliU 3 ghadialan Slelli (ol sba) (Sopdan olidds (pun o] 4 aSas pidy hidsgia i<yl pdl
B elilgdn 5Sag (Coupling Index ) sss¢yis (s455,4) (Coordination) layiSas JaSa HLATuwa Sy, Llss 4
Coupling )54 Guwdaling H48 . GliSa gl 4 4S Ja0sild AS4E8)S ol cliuidd 5y (gdnyla (sapd)o
eSS (U153 diwtode p4d 53 b (Limited ) oL (Simple ) 83hS (b0 GidSAIuaSS) (g)3a 554 (Index
OIS 5 (e L ol SlaiSe 5 \pLliudale o34 jwd 53,884 5 HLliuiels Sl iSas bt
Cawssly (U1 ladoagd 130 add og1y<ilaitusads Ly S 54 3 aglyaalaidd ¥ b 5 ) s ol juwdl
3 Swnshy il cload (epaiiion Sl &) clindy @ sytinghS3S ik Jagyila
L 0uStebts (peak hour volume )32ssild (s,bdd  Ghaiaally g 4Ssginisl uwdids g laolaids
2> (link speed )pliais jawdd plyia . (saturation flow) . (passenger car equivalent )edsas Live3i3s
948 1s 5 . (intersection stopped delay)g.g‘)SSd-_: d Hluey 554810 . (approach speed)";ejS‘L) )
LSS (ATAKS, (slse 5 el Sy iy (A8 4SS0 5o g 4SS (Sa 4 5 (control delay)
coefficient of ) (sssdiniiods Jigdd Lhailiawddd Gind g0 SASE, (Bl L geidy stilsdd 4€abs
Sagduiiss lawlizSal (coefficient of efficiency) (sssdiige 4 oliu,ials S (oLe ¢ (attainability
SEGHEG AAS), Lagdd 0 p3b eladdd G1p)iSa s olibial oY da JiudCS) S ol

Ll
Sl L L Gl 4l5a] Al 5 Aol e a5 305 Lo il Runad yand Al oa i
Coupling ) & 92 V) silas e dlsieWl 5 Led 4y 55 sall JSLE e 23e Jal (Coupling Index) i) 5291 e
L soal DLl Caxen Al 5l 02a ilasl Gsd (Simple) bsad 5 (Limited) 3l (e Gauiill g 55 0055 &3 (Index
s sl (o adl gl G L3I 5 s e (VY ) Ol gale g )L e dadl gl (K84 5 (b gale clalali) e U
ombaall alag¥ Adlide § ydy asig) aranatlly dalall il 5 4 ) 5 yall il Craan adal® JS) g il Y Al o)
GLS ) & Juws (peak hour volume) 55,30 delus 3 gl anall yuledl o3 (ra Cingl Claal iadl 4y g junl
sie de yull (link speed) g Juill e de sl (saturation flow) gadial (! (passenger car equivalent) dateal
(control delay) < U s (intersection stopped delay) aaliill ad il o A5 (approach speed)ablill o yiia
Ay palatly 5l aad g olatly Cilabliil o3n (Gauad AalSal o o5 o8 U3 N Ail) | aaail amy 5 U8 JSS ol 5 o sl
( Coefficient of Efficiency ) 3¢Sl Julae alaily lgie ¢ iSY) 48 120 5 (Coefficient of Attainability) 48y jilee
el Jeadl w5 e 5 UV ool G (g B il el 2] g alanily Cila il (Gpuaii (o ) Ayl s i
O aIh 5 aal gelally
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