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CHAPTER 1V
RESULTS AND DISCUSSION

It has be#dn classified the cases to be studied of the model into
9 cases. All cases studied are concerning with the queue that related
to many different paramenters. The faiiawiﬁg explanation and discussion
will clarify the studies, |

In APPENDIX F, shows the saﬁple of 4 complete result obtained
from the ccmpﬁtetlpipgrémming. The first part of the result starting
from NO, OF PHASES ~ 2, tosthe TABLE FOR 5 MINS, {& fesulted from thé
fnput data listed in Table 4-14.

These data ére used in TRAFI,?rbggam.‘ Fox TRAF2 there is only
one data for denoting the number of tun, for example:

DATA SRT 1, QUEUE FROM A TO/B, -

Note that these data are used for generating the queves and
services for intersection A only and it 4s fixed at this given phase
ratio, but the phase ratio at intersection B is varied, Notice that
the probability ratio of LeF-R'for every bounds using hefe are all khé

same, actually it can be any ratlo.

The secon6 get of result is fox intersection B, The data using
here are almost the same as intersection-A's, except the following data:
IX = 3; K4 = 2; IPHAS(1) = 55; IPHAS(2) = 65; ..

and QNOTE is DATA SET 1, QUEUE FROM B TO A.

The last set of result comes from TRAF3 Program, It is the

result occurs in the link AB, It is observed that the most effective
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values of NVEHE is in the range .of NVEHC. = 2 up to NVEHC = 5 (maximum
1imit), If NVEHC is téo‘big the internal generation of the distribution
will be casued an error. From_ this part of result the solution for
maximum quete; and volumes from intersection A to intersection B and
from interdection B to'intersection:A; as well as the totsl fnput= . ..
output vehicles and elock-nime-ihdica:ed.the:maxtmumfqueuesrand‘valumes
occuz'afefobtainad;:mEéchavaiue of NVEHC . gives one-solueion‘és-shown in.
the APPENDIX, . |

Sinéé the similatién meehod gives only the necéssary and brief
reéﬁlt;'éomééimé Ehe‘inferﬁaifbehévi5i of the simulated model éannot be
expresséd as ‘a form of ‘redult/Eof A is not the ‘objective, To élarify
thiésihﬁérnai behéﬁior'df'ehé‘ﬁédel, every step of computation for
queues &hd servicesrat clock timé equal € 1 up o 360th second’ for
'Séﬁhﬁjﬁéuﬁ&fhés*bééﬁ”taiﬁlé&’iﬁ’AP?ENBTX-Ga' The data used in APPENDIX G
is almost-the same as Table 4éi5;}éx£EpE the phise ratio‘is 60/60 and
X iﬂ 59,,. In APPENDIX H shows the steps Qf,¢?mEQFﬂti°ﬂ for the 4-PHASE
signal, it can be compated to the distinction from both APPENDIX G and H.
xhe<égtg.qsgd for this 4sphase signal arg‘the.gage;aslghegdqta 6£:?gpha§e
except the mmber of phasesiuaing here is 4 and IPHAS(1) to IFHAS(4)

are 30, 30, 30,.30, .
The variables' namé in the APPENDIX. G.afnid H_ are described as

R

. f -

‘follow: ‘ | ,
- CLOCK " 1e the ﬁxt;nﬁei'.;f-;.iéélé time |
TRQE‘ | 'ig'the tﬁgq-éigﬁt'queué; fofjkaéébéuﬁd;
'ﬁéévul ' 1s'ghe nnmﬁér éf fﬁtn~tiéﬁtAvéh1;ies £ﬁat ééﬁ be served;
. which having .the same bound as the left-hand+side column,

. FWQE. is the number of straightforward queues for Eastbound.
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. FSEV is the number of vehicles that can be served which having
the same bound as the leftahsndési&e column,
TLQE is the turnsleft queue for Eastbound.
LSEV is thé number of vehicles that can be served which having
o same bound as the left ﬂand side column.
TRQN is the number of turneright queues for Northbound,
FWQ& ‘- is.the~number“oquttaightforward queues for Northbound.
"ﬁKTLQNngQis-the»number-of;Eurﬁaleﬁe“qqeues.for}horthbﬁupd.

‘IéQS . - s the number of turn»right queves_ for Southbound.

FWQSI is the number o, straightforward queues for SOuchbound

TLQS is the numbe wof turnwleft‘queues for Southbound.

Ftom these Tables at every elock time, seeing that che change of
queua 5, the arrivals coming iato tﬁe intersection, the: setvices of
vehicles crossing the intersection andt the mumbar of vehicles waiting in
queues. can be obsérved clearly. Hyen=though the: clock time'is only: up to 360th
:éﬁcpﬁd:not;fzﬁoth;sécond, it is: sufficient for understanding. the function.

The ccases to be studied for accomplishing' the réseatch-&re’resuited
as follow: . . ., |

] Since the. first. case of study ﬁepends on the effective: value of
'NVEHC- which stated in thé second case, 80, the value of NVEHC which makes
the;inputharpivglg generatgd_by DISCR subpgqgrsm;hawing;the‘yalua clase to
the total number'of vehicles: detecte& by the detector at‘W—bound 1s{eo be
.éonsidgted.' The Table 41 shaws the rasult of to:al inpuc vehicles genera-
. ted. by-éubprogfam‘nlscn with'the-various valnes.of‘NVEﬂc and eompare.the
results with ehe actual, total 1nput frum,the detector by ﬁeaas of varying
the phase ratio of timing singal at intersection B and the phase ratio at

_ intersection A is fixed., There are two ways §§‘9hoyniin Fig. B-2, for
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vehicles to flow in the link AB, then the total input vehicles of both
directions are to be considered simulatenously so.that'thg most effactive
value of NVEHC for each phase ratio can be found. The data used in Table
4~1 are .the same as the data lisked in Table 4-1A, an&-IPHAS.can:be_varied.
The method: of ﬁindinghthe optimal value of NVEHC-Qilllbe-shown as follow:
.From Table 4-1, for phase ratio = 45/75 the generated, input frem
A to B is to be considered, Determine the deviation of. the generated input
from the actpalfiqpuf by substracting them €or gach value of NVEHC and
changing the resulf to its' asolute value, for exsmples . _
.fbf NVEHC = 2 3 the §etn§1 input = 2688 vehicles/ 2 hr,
:anrl the .glet'xér-at-e'c!’ ri:‘nput = 2640 vehiéles / 2 hr.
N Then, the deviation of the. genetated input from the actual 1nput is
|2688 - 2640| ~43 “vehieles / 2 hr. |

_milarly, for NVEHG = 3

|!

The deviation = |2688/= 2653{ =45 vem. / 2 br.

%

for NVEHﬁ & e - - - .

The deviation = _|2688 - 2684] = 4 veh. [ioln,

g
A ".

: for NVEHC :

18 veh, / 2 hr,

(LI

The deviation =  [2688 - 2670]

and forTthe generated 1ﬁput from‘B to A the éeviations are obtained as

N v

following gables*r

NVEHE 2.0 £ < 4 |  DRVIATION ¢
2 o | '--_1:19- -
3 81
4 16
5 57
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Because, at one phase ratio, ore NVEHC should give the optimal
solution for both directions, so that deviatioqs‘ftom A to B must have the
relation with the deviations from B to A. Rotice that if the deviation of
the corresponding value of NVEHC are added wﬁich is to be called as effec-

tive deviation, it will give the optimal solution. The example is showmn

below:
NVEHC  DEVIATION FROM (A TO B) DEVIATION FROM (B TO A) EFFECTIVE
S | 17/ - » DEVIATIONS
2 48 - - 110 . - 158
3 45 -1 81 126
4 4 R 16 _ 20
5 18 , \ 57 | 75

From the Table it g¢an be seen that sptimal selution for generated
input fram A to B and from'B to A shovld be at WVEHC = 4, because it gives
the minimum effective qev1ation. -Table - 4-2 shaws—a}} deviationsmwith the -
various phase.ratié ffom Asl?s to. 75/45. . The efféctive‘deviations for
every value of NVEHC are p@otted ag the relation with phase ratio and
RVEHC. it is shown in fig. 4-1. The optimsl value of NVEHC for each phase
ratio cén be noticed easily from the histogram and it is tabulated as the

Table below:

T4B1E | Y3
PHASE RATIO | _ OPTIMAL VALUE OF NVEEHC
dshas . | %
50/70 | - 4
55/65 3
60/60 4
65/55 4
70/50 4
75/45 4
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. By using these optimal value of NVEHC, the optimal queue and volume

can be found. -

,Iechniqﬂes:of’findihg‘the_thimaI queue and volume = -

The.results to be considefed are tahulate& in the following tables:
Table 4-4 shows the number of vehieles for max imum turn-lef: queues from
intersection AtoB and the maximum turn—left queués fram intersection
B to A, with the various phase ratios and various vaiues of NVEHC. 2-phase
signal is used. for analysis and the data used are the same as previous seec-
tion which.1is shown in Table A-IA. With the same data, the maximum
straightforward queues from intersection A to B and from 1ntersection B to

A.are tabulated in Thble =53, and the maximum turnaright queues frcm inter~

,section A to B and £rom intersection B to A are tabulated in Table bab,

From the‘previous sect{on the effective value of 'NVEHC has already been
obtained, therefore the effective maximum queue for each lane can be found
by thg-qse of spegific NVEHC. Far"example, from Table 4~4 at phase ratio

= 45/75_the.mgximum turn-1eft qﬁeue.from A to B and the maximum-turﬂ-lefc
queue from‘B to A are in the:coluﬁn NVEHC = 4. Then the maximum turn-left
queve from & to B is 7 vehicleg, and the maximum turn-left queue from B to
A is also 7 vehicles, Similarly,.othef maximum-queve ‘can also be found by
the same method; - From-Table 4-3,-notice, that .only the phase ratio = 55 / 65
has the optimal value at NVEHC = 3 for this set of data, the less are at
NVERC = &. Observing that, even the phase ratio has been changed, the -
maximum queue in this turn-left lane still has about the constant number

of vehicles. It may be assumed that the turn-left queue has no effect with
variations of timing. If the probability of vehicles to distributegﬁnto the

specific lane is higher, the characteristics of the queue may be changed.,
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(This is the problem that can be studied forward, but for this research,

it is sufficient for the work since ehere‘are a lot of problem to be studied
more). When it is comﬁared with the variations forward lane, shown in

Table 4=5, this varifation has nc any effect to the system. coﬁing to. the
Table 4«5, it can be seen that the maximm queues for straightforward lane

are varied in a wide range of scale, By using the specific vaiue of NVEHC
which haa’been found ffom,tﬁé first section, tﬁe maximum value of the maximm
queue from A to B is 370 vehicles at phase ratio equal to &5/75, but the mini«
| ﬁum calue hf m&ximum queue for this direction is only 40 at phase ratio

equal to 70/56; _Tﬁg queue increass nearly 15 times from the minimum valﬁés.
It means thét the variation of ethe phade ratio has much effect to the maximum
Queueqleﬁggh for the straightforward lane. But for the maximum queue from

B to A, the range of maximum value to thé minimum value is not so wide,

only 30 to 69 vehicles in deviatfon. Note that the maximum queue from

A to.B has started- from the big vaiug—uf'qﬁéﬁe'Eé“Eﬁe‘ﬁiﬁimbm'vdqu of
queue, at the sameé time the queus from B to A has the value from the minimum
value to the maximum value, because of this reason it should have one opti-
mal value at the specific phase ratio. From this idea, the relatton of "=l
phase ratio with tﬁé maximum queue for ﬁoth directions has been pleted,

and it is shown in Fig. 4=2, "Seeing that ‘curve 4, 'thé maximm queue from

A toB s vafiéé in a'large scale for different values of phase ratio, but
curve b, the maxiﬁmm‘éuéue £rom B t;-é is the stgaight 1ine by approximation.
Por the optimal conditfon, the solution for the maxfmum queue should have

the quéues'in bbth directions about the same vﬁluezﬁr in the other word

the ‘queues in both directions are balanced. It is observed that, the both
dirécficns of queles agé intersected at one unique'pdiht'batﬁeén phase

ratio 65/53 and phase racio 70/50. 'Thdt means the optimal timing should

PR . R T [ v .. [ B
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exist between these phase ratio., If it is needed. to find the exact solu-
tion of timing, the phase ratio between 65/55 and 70/50 would be tried.

e - From Table 4-7 the maximum volumes waiting inquéue between the inter-
seetions have also been used, in plotting as shown in Fig.. 4-3, ‘thefr
curves have the same characteristic as the curve plotted in’ ffig.-; 4+2. It
is provéd that the straightforward lane is the most effective lane to
be controlled by the timing signal,  And the, optimal volume for this
result occurs at the phase ratie about 65/55,1t i3 close to the. maximm
quéues; ‘-

From’ Ehé: graph in Fig, 4¢2, the balanced dueuve for the optimsl
timing is about 60 vehicles, -Fiﬁauy'this optimal queue i{s converted to
the unit length of the strect, if ‘there are the space left in both
directions of the link AB, it means that the capacity of the street ijs
biggér than the tested model, then thé eyele of timing signal is increased
by trying aetie more value of timing cycie with the constant phase ratfo .
as the: optimal one, By this way the suitable optimal timing cycle for AV
thé model can be obtained.  For the case that the optémal queues obtained
are bigger than the capacity of the street, the cyecle of timing signal should
be decreased by trying the lower value of cycle until the most suitable
value 6f timing cycle is) obtained.| ¥he)Table)4-8 shows) the various value
of ,timiné;‘éj‘vcié with the constant phase ratio of the optimal queue=length
obtained Bé'fare, 'Seeing. that when the ‘timing eycle is in creéased, the wmaxi- -
mum queues and maximm volumés as well as the input vehicles at the detec-
tor alsc increass. This proves that 311 asumptions defined before are

reasonable,



73w

From Table 4-9, it is the result of the output or the number of
vehicles that can be served through the given 2 hours period between
intersection A and B." The results are selected for tabulating only the
values which correspond to the optimal value of NVEHC determined previe
ously. It is observed that the more output will be served in both direc-
tions when the phase ratio id increased. Seeing that the input at the di-
rection from A to B is constant but the input from B to A is increased
when the phase ratio is increased. The feefieMhas been plotted in Fig. 4-4.
‘The elock times indicating the maximum queue occurred for each
lane between tﬁe interséctious fave been showm in Table‘4;10; notiece
thgt for'the turn-left lane and turn-right lane, the maximum queue may
occur in any time, but for the straightforward lane the maximum queue
would oftenlf occur nearly thé énd of the period, this becanse the queue
"will be accumulated all the time unﬁil coming to the end of the period.
Derote that, the clock time shown in Tabie 410 are ot the exect time
for the maximum queue occur, since the delay time of vehicles moving from
A to B or from B to A is not taken into account yet. . The delay time is
the unknown unless the length of the street and the speed of vehicles,
which is.assumed‘constant; are given. Table 4-11 is also the result

for clock time, but’ this is shown the maximum volume occurs.

For the case of basic intersection, the characteristics to be studied
are the variations of queue-length. for each bound, and its' distribution
intersection B is used for studying pattern at detector W-bound. From

Table 4-12, it is observed that for the various values of phase ratioy,
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the turn-left queue and turn-right queue have no effect from the variationms,
-only the straightforward queue that has an effecga Clarifying that the
main effect which cause the variations of phase ratio has much effect to
the straightforward queue is because of the probability of lane-distribution
into ;he straightforward lane given is very high compared to the other.
lanes, The relation between‘thehphase ratio and the maximum queue for this
lane has been plotted in Fig. 435, seeing that the phase ratio which make
the queue balancing is about 60/60 or the rakio of 1:1. The case for
balanced queue in every bound may taken into account as the optimal case

if it is desired. The amout of queues  and voiumes for Ehe-basic inter-
section are nearly the same, by /comparing the result from Table 4-12 and
Table 4-13.

In Tab}e:aﬁik, the total dinput and output vehicles for every bound
of intersection B are tabulatéd with the variation of‘phase ratio. The
-resultnhaa_?eegwplgqtg¢! gs:shown in Fig. 4-6, seeing that the input are
nearly cénstant, but the‘outpuéiéfénﬁériea during the phase ratio is changed,
From the curve shown in Fig. 4-6, it can be seen that/ the total output for
Southbound and Nbrthbbund decrease when the phase ratio is increasdd but
for Eastbound thé-oupput increases ﬁuring‘the phase ratio is increased.
Notice that the curve for‘the total véhicles input in Westbound has the
similarvcharaéteristics as Eastbouna;s.. | | |

| -In Figi 4~7a, Fig. 4-7b_and Fig: 4-7c, showr the fréquency pattern
of the input vehiéles at the.defector plaéed in Westbound, with the various
values of phase ratio of intersection A"and B which have the same input
data as the former éection. Fig. 4-8 shows the sampie result of frequency
disttibutibn pattern and the accumulativé probability of l-min, 5-mins and

15 mins. interval of counts from the result of intersection A. According
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to the real world data shown in chapter III, the S-mins count is used for
generating the arrivals between intersections.

Though the input IX of the random generation of RANDU subroutine
_can be any odd positive integer, according to the probability distribution
theory apy'inpdt of IX should give about the same distribution form, maximum
queues, volumes and total vehicles input and total vehicles output at a
constant phase ratio: The results of this/case are tabulated in Table 4-135,
Table 4-16 and Table 4-17. It is observed thdt the maximum queues, volumes
and tota} input-output vehicles &re not exectly the same, but their values
are around‘that. In the‘ﬁractical work, if the specific phase -ratio is to
be used, it must be tested for sufiifient values of IX first, then using
the stagistical method‘solves for the mean values and the stén&ard devia-
tions of them.. The frequency pattern'for‘various values of IX are shown
in Fig. 4-9. Table 4-18 shows the maximum queues and vaticles input at
W;béundffor different proﬁability ratio of the vehicles distribution into
a specific lsne, seeing that the values of maximum queues for each lane
Vare corresponding to the probability ratic of L-F-R-but the input into

W-bound can be varied to any higher or lower. values.

4-phase application

‘The results discussed‘iﬁ former, section are all.about. 2-phase signal
coﬁtrol, because thé‘h—phase signai-can also be applied to the model.
Then, the 4-phase signal data are used for testing. The data used in
2-phase signal in Table 4-1A&, except the number of phases and phase period,
are used in this section. If is not neceséary to discuss about the'varia-

tion of the queues and volumes again, since the former section contain a

lot of this result and discussion. Only the case of the variation of .
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number of lanes has not been discussed yet,_thérgfbré»itfis éansidgre&-

- for . studying., Thevmaxﬂmququeues fdf-eaéh lane_ of 'S~N-E bounds with the
variation of lanes have been tabulated as showm in Table 4219, - Seeing
that if’thé:maximmﬂ;queuéngf*Bblanezstreét is used as’ the reéference,

, the result’ from the straifhsfofwafd;quEue for S~bound shows that-when the
..numBerﬁaf'Ianqéfis_incfease&wtor4~laﬂe§~thé:nuﬂber of quéue decreases its'
-+ yalue .about 83.70ﬂzawith respect, to the reference queue. “When 'the number -
',of=1anes»;§ Sxtﬁe percentage of decreasing i€ up to 99,0 7. Notice that
it ig very high for the decreasiﬁg of'queues»whem'the'ﬂumbef of lanes is
inereased.. The result of H‘gnd}E:bounds-are-aIso‘the%samé; But ‘for the
-turn-left queues and turn<eight quetes still have about constant values,
o changing even the number of lanee is ehanged. The maximum volumes in

© queuve sre- also have the high percentage of decreasing when the number of
-1ane is increased, which is ghown -in Table 4-20. In Table 4-21 showg the

results. of the total innut-outyut vehicles fox/ each bouna with the change

of lanes, seeing that the input values are nearly‘conétant3~but.tnehou:pggf_A ’

-values‘éfévvarted, the percentage of decreasing is shoun in Table 4-22,
The flow patterns of this case are -shown in Fig. &4-10. 1t can be concluded
that  the number of lanes is the most effective and sensitive varisble for

the traffic system.
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