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1 Introduction

Traffic-actuated, standardized and parameterized control programs pursue
two goals: first, an optimum and plausible traffic control. Optimum here
means low loss times to minimize the waiting times for all road users. This
simultaneously means minimizing the impact on the environment. Plausible
means a sequence, which is understood and accepted by all road users.
This essentially means that a road user should be taken into account within
a reasonable amount of time and should not be kept waiting for no appar-
ent reason.

The second goal is the simplest possible operation of a signal control
system. In towns and cities with a number of signalized intersections, an
individual planning and programming of the systems is often not feasible,
particularly with traffic-actuated controllers, for cost and time reasons. With
standardized controllers the operator knows the sequence of a system on
the basis of only a few parameter tables. The layout of the parameter ta-
bles is identical for all systems. Modifications can be performed with no
programming skills by simply changing the parameter.

The standard control program described in the following contains the prin-
ciples described above. VS-PLUS has been designed to enable the user to
carry out all common types of control. It can be used for both fully traffic-
actuated systems and partially traffic-actuated systems. The overall traffic
dependency is defined with parameter. This means that the complete con-
trol sequence can be influenced at any time. With the corresponding soft-
ware, these modifications can be easily carried out online in real time at the
intersection.

Permissive signals serve as coordinating instruments. They are used as
control instruments to switch phases and/or the corresponding signals. The
permissive signal for each phase runs over the complete cycle time in fully
traffic-actuated controls. There is no split into call and extension ranges.

During the cycle, phases that are not active can be added. However, they
only receive green if they fit into the desired picture.

2 Terminology

2.1 Phase

In order to understand the following description of a traffic-actuated control,
three terms have to be defined in addition to those commonly used.

* Phase

* Permissive signal

* Permissive period plan

This term is common in traffic engineering, though you should note that VS
- PLUS has its own definition of the word.

Unlike normal technologies, VS-PLUS differentiates between the new traf-
fic unit, the phase, and the display elements, which is assigned to the
phase. The term display element is in this case a general term for all pos-
sible types of displays, which can be controlled by a controller with an 1/0
instruction. A display element typically corresponds to a signal group.

All descriptions and definitions relevant for traffic engineering can be found
in the phase unit. In terms of control technology, the phase is a control loop
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with its own measuring elements (detectors) and actuators (display ele-
ments such as the signal groups) as well as control signals (permissive sig-
nal).

A phase is normally a vehicle-dependent phase, which generally has its
own detectors and must always affect at least one display element.

It is quite possible for one phase to have a number of display elements as-
signed, or vice versa, two different phases have the same display element
assigned. In the first case this may be a relationship between general-
purpose traffic with two traffic signals or warning-flashing signal. In the sec-
ond case this may be a bus moving along the general-purpose traffic lane.
A phase can also have a functional meaning, e.qg. if a phase is defined as a
SPILLBACK (assigned to a spillback loop) which overrides a vehicle phase
during a logon.

This phase technology allows the diversified control of a signal on the basis
of different events.

2.2 Permissive Signal

Unlike the known signal times, the permissive signal is now used. A per-
missive signal is no longer interpreted as a switching instruction for a signal
group, as is the case with signal times, but as a control signal for the traf-
fic-actuated control of a phase, as briefly mentioned above. The permissive
signal is defined for each phase. This means that every traffic-engineering
unit can be directly influenced and/or controlled.

The permissive signal itself is split into a call range and an extension
range. Calls are dealt with in the call range and forwarded to activation
commands, whereas a phase must have green in the extension range and
may only extend. However, in standard cases activation is no longer al-
lowed.

The permissive signal pointer defines a time in the cycle at which the
next phase to be processed (according to the main series in the priority
class) is to be taken into account.

The total sum of all permissive signals for all phases produces the so-
called permissive period plan.

2.3 Permissive Period Plan

The permissive period plan is the total sum of the permissive signals. Just
as the signal times of signal groups form a signal time plan in conventional
technology, the permissive signals of the phases form a permissive period
plan. It is essential that the total sum of the permissive signals correspond
to the total sum of all phases and not the total sum of all signal groups.

The permissive signals are generally planned on the basis of the signal
times for the fixed time control. Splitting the permissive signal into a call
and extension range avoids the danger of a signal group assigned to the
respective phase from switching the green time outside the permissive sig-
nal.

The control principle is determined by constructing a permissive period
plan. Either a control with a consistent coordination in the conventional
sense or coordination with passive and active green band extension or
even a fully traffic-actuated control can be determined.
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3 The VS-PLUS principle

VS-PLUS has a modular structure. The sections are processed cyclically,
i.e. at least once a second:

+ Detector evaluation

* Phase evaluation

* Picture development

+ Switching

* Interface

First the pending detector information has to be processed in the detector
evaluation. Based on this information a check is carried out in the phase
evaluation of whether the corresponding phase is to be kept on red or in
case the extension conditions have been met with green. A number of ad-
justable parameters are available for this decision, these being the detector
parameter for the detector evaluation and the phase parameter for the
phase evaluation.

A detector call only results in a phase registration if the permissive signal of
the corresponding phase is pending or the phase waiting time has reached
its maximum. The phase waiting time is the time period since the first de-
tector call was triggered. The maximum waiting time can be defined in the
phase parameter for each phase. In the event of an extension, the dimen-
sioning of the basic duration is also important alongside a practical re-
cording of the overall traffic condition.

The results are saved in status values and attributes for each phase. A so-
called priority value is thus calculated for each served phase.

The status values form the basis of the information for the control’s core,
the picture development. The picture development determines so-called
main phases with their served minor phases.

The result of the picture development is the target picture. This target pic-
ture lists all phases which will be the next to receive green and which are
not conflicting in descending priority.

The target picture is processed in the switching section. In other words, the
on and off commands are assigned for every phase. If only the served
phases have been dealt with up to now, non-conflicting phases, which have
not yet been served, can now also be handled. Consequently, all phases in
conflict with the target picture are assigned an off command. Switching is
carried out at a defined time.

The on and off commands for the phases are only converted into the cor-
responding on and off commands for the display elements in the VS-PLUS
interface at the very end of this procedure, when it is determined which
phases are to be activated. In this stage VS-PLUS calculates the phase
change on the basis of the phase change time matrix as well as an offset
time end and offset time start matrix.

At the end of the entire process, VS-PLUS sends the on and off commands
for the corresponding signals of the display elements to the controller's op-
erating system.

This briefly described sequence can take place every second. It goes with-
out saying that the control logic is structured in such a way that the deci-
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sions taken every second are not constantly contradictory, which would
lead to an uncontrolled phase.
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The standard control program described in the following contains the prin-
ciples described in the preceding chapter. VS-PLUS is designed in such a
way that the user can perform all currently common control types. It can be
used for both fully traffic-actuated and semi traffic-actuated systems. The
overall traffic-actuation is defined in parameter. Thus, the complete control
sequence can be influenced at all times. These modifications can be easily
carried out on the spot at the intersection with the corresponding software.

Permissive signals serve as coordination instruments. They serve as con-
trol means to activate phases and the corresponding signals. In fully traffic-
actuated controls the permissive signal runs throughout the entire cycle
time for each phase. There is no split into call and extension section.
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In order to supplement a phase during the sequence, uncalled phases can
be added to the picture. However, these are only given green if they fit into
the desired picture.

Summing up it can thus be said that a differentiation can be made between
four graded control methods.

The following description is based on the general overview and goes into
more details of the functions and parameter values necessary to set a traf-
fic system. All existing parameter values are described in a separate part of
the "Description of the parameter values".

3.1 Control Methods

One can differentiate between four control methods.
+ Control method I:
signal group for signal group fully traffic-actuated
+ Control method II:
phase for phase fully traffic-actuated
+ Control method lll:
traffic-actuated coordinated with fixed cycle time (traffic-actuated con-
trol of small systems in one controller with up to 3 intersections)
+ Control method IV:
fixed time control

3.2 Detector Evaluation

The first task, detector evaluation, processes all detector inputs. A timer,
the so-called detector waiting time (twdet) is assigned to each detector.
This timer is always started with the first call and reset after a checkout
signal or when the phase received green.

detector evaluation

It is obvious that the design and positioning of the traffic recording devices
are a prerequisite for an optimum traffic-actuated sequence. If the traffic
recording devices are positioned incorrectly, even the best control logic will
be unable to ensure an optimum control. The standard control takes into
account a standard arrangement determined on the basis of experience:

D Dn Dn_4 Dn_8
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These standard arrangements are not a precondition for the use of the
standard control. Other arrangements can of course be used. However, in
this case the extension criteria in particular cannot always be exactly ad-
justed.

3.21 Detector call

The standard control assumes that the detector evaluation provides the
controller with the effective status of a loop (occupied - not occupied). The
differentiation between the function types

* Impulse detector

* Occupancy detector
takes place in the logic.

The comparative value occupancy time is decisive for this determination.
If the comparative value is 0, evaluation is by impulse, in every other case
by occupancy.

Every detector is assigned a detector waiting time.

Impulse detector
The detector waiting time is started on a rising flank.

There is a great risk with impulse detectors that they may trigger a call if
incorrectly activated. For example, a vehicle runs over a detector when
changing lane or when passing and then does not wait at the correspond-
ing stop line.

The hold time parameter can be used to avoid these incorrect messages.
If the net gap for a detector is greater than the comparative value hold
time, the detector waiting time is stopped and deleted. The detector cannot
trigger a phase call. If the hold time comparative value is infinite (max. pos-
sible value) the waiting time will not be reset.

Occupancy detector

The occupancy time of a detector must be greater than the comparative
value occupancy time before the detector waiting time is started. If the loop
is not longer occupied after the detector waiting time has started the detec-
tor waiting time is deleted again.

It is known that vehicles cross the stop line during amber and sometimes
even red. The standard logic enables a limitation of incorrect calls due to
detector calls shortly after green end with the reset time parameter. The
detector calls will be reset as long as the red time is smaller than the com-
parative value reset time. This function applies for both impulse and occu-
pancy detectors.

3.2.2 Phase call

Every detector which has been assigned a phase can activate a phase call.
A phase waiting time starts with the first call irrespective of the permissive
signal. The green flag can also start it.

In order to call a phase the delay time (detector waiting time greater than
comparative value delay time) must be exceeded first. Second, the per-
missive signal to call the corresponding phase must be set to green
(phase enabled). A phase is only deemed to be called when both condi-
tions have been met (phase called and permissive signal for call present).

If a phase is called due to a detector call outside the call permissive signal
the phase will be called at the start of the next permissive signal.
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A call can also be triggered if the maximum waiting time (adjustable) for a
phase is exceeded. (Phase set to priority level 2).

The phase will only be taken into account for the subsequent target picture
development after a call.

If the detector waiting times are later reset, the phase waiting times are
consequently also reset. The phase call is cancelled. The comparative
value hold time can thus cancel a phase call provided a second detector
does not maintain the corresponding phase call, or provided no reaction
was yet triggered by the call.

3.3 Phase Evaluation

The second task, phase evaluation, prepares all detector and phase infor-
mation for the following picture development. A timer, the so-called phase
waiting time (twvs) is once again assigned for each phase. This timer cor-
responds to the waiting time for the phase since the first call. Various at-
tributes are also managed for each phase along with this timer. The most
important attribute is the status of the phase.

LA

et detector evaluation

s, i, cves traffic stream evaluation

The phase evaluation checks each phase to see whether the correspond-
ing phase is to be called with red or whether the extension conditions have
been met with green. A number of adjustable parameters are available for
this decision, namely

» Detector parameter for the detector evaluation and the

* Phase parameter for the phase evaluation.

3.3.1 Status values

The status of a phase is summarized in the so-called status values. The
possible status values are shown in a figure.

These statuses are managed according to the following criteria.
» Color of assigned signal group

* Phase call

*  Waiting time and control time

* Extension

* Green timer
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3.3.2 Evaluation in red

If the phase waiting time is greater than 0 in red and its permissive signal is
present or the maximum waiting time has been reached, the phase will be
evaluated, i.e. the phase has been called and accepted for further process-
ing in the picture development. The intervention level determines the
green time for conflicting phases after which they may be set to red. The
intervention level thus relates to the conflicting phases. The intervention
level is dynamic. The intervention level can be changed with an increasing
duration of the phase waiting time. The control recognizes five different in-
tervention levels. If the phase waiting times exceed the control times the in-
tervention level will be raised.

The intervention levels can be raised in the way shown in the next picture.

A differentiation is made in the intervention levels between "always pro-
tected" and "traffic-actuated protected". This means that in the second
case information on the permissive signal and traffic must be included. An
extension during green time greater than the minimum green time 2 (tg,min
2) is always dependent on the permissive signal. Shorter green times are
independent of the permissive signal.

In a standard case, the control times are set to infinite, in other words the
control works on intervention level 1, every pending green time can extend
on the basis of the maximum green time or its permissive signal. The inter-
vention levels are important in connection with PT priority and the consid-
eration of special vehicles.

The priority level on which the phase is to be classified is determined on
the basis of the comparative value maximum waiting time (Twmax). If the
phase waiting time reaches the maximum waiting time the phase is up-
graded into the upper priority level. The issue of a green command for a
phase on the lower priority level depends on the permissive signal. Phases
are called and switched to green irrespective of the permissive signal in the
upper priority levels.

This permits different priority levels, particularly for public transport. In the
first case the public transport is governed by coordination, on the upper pri-
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priority level it can be given preference irrespective of the coordination. A
green band can thus be protected whilst maintaining a maximum waiting
time with respect to public transport.

Every phase can be called with a green flag, even if no detector has trig-
gered a call.
§=}GREEN COMMAND | RED COMMAND

tg,min _:Ig.mhi g, max1 _I_g.mmn

I
intervention in phase transition forbidden

- 1twve = control time 3
- 1 twwg = control time 2
- 1 s = control time 1
- thavs=0

- 1twwg = control time 3
- - bwwg = control time 2
- 1 tws = control ime 1
- ttwvs =0

3.3.3  Evaluation in green

The status values are set in green on the basis of the extension conditions.
These depend on the traffic, permissive signal and the pre-set comparative
values relative to the possible green time.

Net gap times on one hand and occupancies on the other can be used to
record traffic. The net gap times must be smaller than the pre-set compara-
tive value. All loops of a phase are hereby inquired. However, in certain
cases it is practical to only take this into account during a certain green
time. The active time specifies how long a detector is to be inquired during
the green time. This is used in particular for loops on the stop line.

The extension criteria can be defined on the basis of the gap time, the oc-
cupancy or a combination of both evaluations.

If the gap time of the departing vehicle is still smaller than the pre-set com-
parative value, yet the occupancy is too small, no further extension will be
granted.

Additional extension criteria can also be used in special cases to control
the outflow. If spillback detectors are provided in the outflow area of the
phase, the green for an assigned phase is terminated following a minimum
green time 1 (tg,min1) after a spillback message. The spillback criterion
uses the smoothened occupancy.

In some cases the outflow is not monitored with special spillback loops. A
further extension of the green time with stopped traffic is nevertheless not
desired. The flow can be controlled with short loops on the stop line by in-
quiring the occupancy and gap time.

The green time can be restricted on five levels corresponding to the inter-
vention levels. The maximum is given by the comparative value maximum
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green time 2 (tg,max 2). This comparative value is obtained by calculating
the necessary green time as a function of the phase condition.

3.4 Picture development

The third task, picture development, compiles the target picture on the ba-
sis of the prepared information. It works in a basic element, the so-called
priority element. A priority element is created through the classification of
the logged-in phases into priority classes on one hand and into a low or
high priority level on the other. Picture development only processes served
phases.

winks, sy, v traffic stream evaluation
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As already mentioned, the picture development works in its smallest ele-
ment, the priority element (PE). Either one (minimum) or up to six priority
elements (maximum) can be used depending on intersections and control
philosophy. The basic structure is as follows:

priority level 2

independent

dynamic priorization structure ‘me permizsive s a2, )
controlled by period —

maximum waiting time

priority level 1 pricrity aslament #1 priority slemant # 2 periority element # 3

depending on FE1 P 3
pemmissive (PET) {PE2)
period

......................................

priority class 1 priority class 2 priority class 3
{PC) (PC2) {PC3)
standard for genaral- standard for standard for
purpose traffic public transport special casas

fixed priority structure given through
rank dependent phase [

The priority classes could be setup as follows:

» Priority class 1: normal sequence (general-purpose traffic, cyclists and
pedestrians)

» Priority class 2: higher priority (public transport)

» Priority class 3: special interventions (emergency, heavy rail, etc.)

A phase may only appear as a main phase in one priority class.

Classification into upper and lower priority levels has the purpose of moni-
toring the maximum waiting times. A phase is classified on priority level 2 if
its phase waiting time exceeds the maximum waiting time.

The standard logic is structured so that the processing of the various prior-
ity elements can be influenced depending on the control philosophy (priority
and processing sequence).
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Several intersections can be controlled with the 3 priority classes if re-
quired. This means that by assigning the phases to 3 classes, 3 independ-
ent intersections can be controlled with the software. However, further
classifications into priority classes are then no longer possible. Priority con-
flicts then have to be solved with the remaining two priority levels per inter-
section.

In the first step, the picture development processes each priority element in
a certain sequence. A main pointer hereby processes the called phases
according to the main sequence. The pointer remains on the first called
phase until it is served. During green, the pointer delay decides on the
pointer increment. The main pointer remains on a rank until either the
green time for the phase is higher than the comparative value pointer delay
or the phase is no longer extended (no more traffic present).

The pointer moves to the next called phase at the latest when the
comparative value pointer delay is reached. The selection procedure starts
anew. The pointer delay can also be defined as a fixed time within the cy-
cle. The permissive signal pointer defines a time within a cycle after
which the pointer starts to run again.

The main phases selected by the main pointer in each priority element are
now processed. If a main phase meets the intervention conditions and has
a higher priority value, it is entered in the new target picture.

o=

In the second step, further minor phases are added to the already deter-
mined main phases according to the minor sequence.

The minor sequence is rank-dependent. This means that the minor phases
refer to the rank of the main sequence. There are two different types of mi-
nor sequences.

a) Minor phases with call (MiPh_with):
Phases that are only taken into account if they are called.

b/ Minor phases without call (MiPh_without):

Phases that are taken into account even without a call and without a pend-
ing permissive signal for a call to the selected main phase.

Phases under a) have precedence over phases under b).

The current rank of the main pointer is decisive when determining the sec-
ondary sequence. As long as the main pointer points to the corresponding
phase of the current rank, its minor sequence will also remain active.
Phases with call can be added over the entire duration. Phases without
call, on the other hand, are only added up to the issue of the green com-
mand and to the green start, up to the minimum green time 1. This descrip-
tion shows that a stage can be varied during the green of a determining
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phase by this selection procedure. Determination of the main and secon-
dary sequence is thus decisive for the traffic-actuated flexible sequence.

The temporal limitation of the variation of a phase is controlled with the
comparative value pointer delay. Fluctuations can be restricted. As already
mentioned, the pointer delay determines how long the main pointer re-
mains on a phase and keeps it in green. The incrementation of the pointer
means that a different minor sequence has become decisive. The activated
phase is held until expiration of the pointer delay. New green commands
are only possible within the scope of the new active minor sequences. The
pointer delay can also be controlled via the permissive signal pointer. The
pointer is hereby incremented at a certain time within the cycle.

In times of little traffic, a previously determined minor sequence may be too
restrictive under certain circumstances. All phases, which correspond to
the main phase, should be allowed wherever possible. A parameter ("Minor
series same as main series") can be set in the program definition that
takes into account a fixed minor series for all ranks. This minor series can
be determined in the form PPPh (Phase-dependent phase parameter). The
minor series defined for each rank in PPR (Rank-dependent phase pa-
rameter) then becomes inactive.

3.5 Switching

In the fourth step, switching, the newly compiled phase for the picture de-
velopment is supplemented by phases that are not yet served. The phases,
which are now contained in the target picture issue on and off commands
to the interface.

i Wiartschlil 1 phase developme

et m:;mmmi switching
The result of the picture development is the target picture, a list of phases,
which are to be switched to green and conflicting phases that are to be
switched to red. The switching commands to the phases are converted to
the green and red commands in the following module, switching. The
standard behavior of VS-PLUS is such that only those phases are switched
to red whose conflicting phases are switched.

During processing of the switching commands both minor phases without
call (MiPh_without) and minor phases required (MiPh_obli) can be switched
to each phase.

Minor phases without call only receive an activation command under cer-
tain conditions, namely if they do not conflict with a phase that has already
been activated due to a call. Required minor phases on the other hand al-
ways receive a green command. This is why the required minor phases
must have at most the same conflict as the decisive phase, which activates
the minor phase.

However, there are often phases which have green but which are not af-
fected by the standard behavior of VS-PLUS. A red flag enables phases to
be set to red without these being set to red by conflicting phases according
to the standard principle.

The red flag values have the following meanings:
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3.5.1

3.5.2

3.5.3

0 Standard behavior:
The phase remains on green until switched to red by a conflicting
phase.

1 The phase switches to red as soon as no more traffic is present. The
permissive signal is hereby ignored.

2 The phase switches to red at the permissive signal end for extension.
5 as 2, though a conflicting call must also be pending.

3 If no traffic is present the phase switches to red as soon as a conflict-
ing permissive signal is pending. It does so irrespective of whether the
conflicting phase has been called.

6 as 3, though a conflicting call must also be pending in addition to the
conflicting permissive signal.

4  The phase switches to red when the maximum green time 2 is reached
irrespective of whether conflicting phases have called.

There are a number of special features that are described in the following
sections.

Idle program

The idle program defines the status of the system when no more traffic has
been checked in. In other words, it only becomes active if no further phase
is called and no extension claim is present. A flag in the program definition
controls the idle program.

* Value 0: No special conditions. The system remains in the last phase
if no traffic is present.

* Value 1: The defined idle program is active. The idle program defined
in VP (phase parameter) is active.

* Value 2: All red with no traffic.

* Value 3: The control works according to the permissive period plan.
This means that the phases switch to green at the start of
the permissive signal and back to red at the end of the per-
missive signal (alternating idle program).

Re-service flag

Each phase is identified when it changes from green to red on the basis of
its re-service flag value. This so-called secondary flag is deleted when the
main pointer of the corresponding priority element transgresses the rank
defined as the cycle end. The re-service flag can also be reset at a fixed
time in the cycle (in the program definition).

If a re-service flag is set it affects processing in the following ways:
* The phase can no longer be selected as a main phase,
» The phase can only extend up to a reduced green time.

This process ensures that the main sequences are processed quickly. Mul-
tiple activation of phases during a cycle is avoided.

Synchronization with permissive period plan (coordination)

Traffic-actuated coordination with prioritized public transit entails target
conflicts, especially if errors due to interventions from higher priorities can-
not be compensated by performance reserves.

On one hand, phases may be omitted and on the other the control may
leave the coordinated permissive signal. This is why the control allows a
choice of three strengths with respect to synchronization of the local control
with the overriding permissive signal. The difference between the coordina-
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tion types relates to the issue of green commands, but not to the green
time. This is always dependent on the permissive signal and/or the mini-
mum green time 2.

The coordination types can be determined for each phase:

* Weak coordination

*  Medium coordination

+ Strong coordination

3.5.4 Weak coordination

3.5.5 Medium

In this case not only the call but also the green command for the main
phases depends on the permissive signal. This means that main phases
can only receive green according to the permissive period plan. Minor
phases can also receive green outside the permissive signal. The definition
can also be reversed.

The risk of a fault due to interventions from a higher priority is lower with
this coordination type. However, the probability of phases being "omitted" is
higher.

coordination

In this case not only the call but also the green command for the mains
phases depends on the permissive signal. This means that main phases
can only receive green according to the permissive period plan. Minor
phases can also receive green outside the permissive signal. The definition
can also be reversed.

The risk of a fault due to interventions from a higher priority is lower with
this coordination type. However, the probability of phases being "omitted" is
higher.

3.5.6 Strong coordination

3.6 Interface

In this case both main and minor phase are synchronized with the permis-
sive signal.

The risk of a fault due to interventions from a higher priority is lower with
this coordination type. However, the probability of phases being "omitted" is
higher, particularly if the phase permissive signals are short.

The interface assigns the phases to the corresponding display elements
and issues these with the on and off commands. VS-PLUS then calculates
the current phase change every second on the basis of the phase change
and offset times. Special features such as flashing left turn signal are also
controlled. Only the switching commands are sent to the signal groups,
which are then implemented by the controller at the end of the interface.

switching

wignal hisad QM
signal haad OFF

'
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4 Display elements

s, Display element list - Xiao Ximen o ] 4
File “iew Options 7
v 8| [t
ID Mo | Mame | Description DE Tuype Signal group DE chan DE Master DE Opt
1 DE1 SG SG1 1 Optimization
2 |2 DE 2 SG SG2 2 Optimization
3 |3 DE 3 SG SG3 3 Optimization
4 |4 DE 4 SG 5G4 4 Optimization
5 |5 DES SG SGEE 5 Optimization
E |G DE G 5G SGE [ Optimization
707 DE 7 SG SG7 7 Optimization
g |8 DE & SG SGA8 8 Optimization
I E] DE 91 5G 5G 91 9 Optimization
10 |10 DE 95 5G 5G 95 10 Optimization
Display element list [ [ [ ‘.b v

VS-PLUS works with the traffic-technical unit phase (Ph). Each phase
must have at least one display element (DE) assigned.

So-called "dummy phases" are excluded, which must exhibit only on and
out condition and no temporal linkages with other display elements.

Additional UN, AND or OR-conditional display elements can be assigned.
Hereunder the term display element applies as comprehensive term to all
possible kinds of signals (regulating control device), as for example signal
groups, Attention flashers etc.

One unique numerical identifier, a channel number and the type of signal
define a display element. All properties must be assigned.

In the further characteristics can be defined, which determine the behavior
of the display element in the phase change: the red optimizing, as well as a
master display element.

The following illustration shows the hierarchy of the elements as they are
used in VS-PLUS.

Phases

4.1 Red optimization

Specifying optimization will maximize the green time for the display ele-
ment during the computation of the phase change. During the phase
change these display elements get as much green as possible based on
the phase change and offset times.

On the other hand with immediate OUT one does not optimize. This
means that the display elements are switched off immediately (e.g. imme-
diate termination of a streetcar phases after notice of departure). Therefore
the phase change times to the display elements switching on in the phase
change can be larger than necessary.
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5 Detectors

File View ?

v &l 4 4T

Mame | Mumber | Descripti

SDP 1 1

GPDET| Fot [ Ocotpe | Trest | TOce [ Tdel [ Treset | Thod [RatType| &8P [0
DGFP11 |NORM ImpiefithO 01 1] 0| Duration |OR 30 INAI
DGP12 |NORM ImpiwfithO oo 01 a 0 Duration |OR 30 INAI
DGEFP13 | INACTIVE |Impulze 0| no OccTime 0 0| Duration |OR Occupancy |IMAI
DGP 14 |INACTIVE |Impulze 0| no DccTime 0 0| Duration [OR Occupancy |IMAI
DGP 20 |NORM InpiafithO oo o1 1] 0 Duration |OR 50 INAI
DGP 31 |NORM ImpiwfithO oo 01 1] 0| Duration |OR 30 INAI
DGP 32 |MNORM ImpiwithOcc 01 1] 0| Duration |OR 30 INAI
DGR 33 | IMACTIVE |Impulze 0| no OccTime 0 0| Duration |OR Occupancy |IMAI
DGP 34 |NORM ImpiwfithO oo 01 a 0| Duration |OR 30 INAI
DGP 41 |NORM ImpiwfithOce 01 1] 0 Duration |OR 30 INAI
DGF 42 |NORM ImpiefithO 01 1] 0| Duration |OR 30 INAI
DGP 43 |NORM InpiafithO oo o1 1] 0 Duration |OR 30 INAI
DGP &1 |NORM ImpiwfithOce 01 1] 0 Duration |OR 10 INAI
DGP 52 |MNORM ImpiwithOcc 01 1] 0| Duration |OR 10 INAI
DGR 53 | INACTIVE |Impulze 0| no OccTime 0 0| Duration |OR Occupancy |IMAI
DGR 54 | INACTIVE |Impulse 0|no OccTime 0 0| Duration |OR Occupancy |IMAI
DGPE1 |MORM ImpiwfithOcc 01 1] 0| Duration |OR 30 INAI
DGFEZ |NORM ImpiefithO 01 1] 0| Duration |OR 30 INAI
DGP 71 |NORM ImpiwfithO oo 01 a 0 Duration |OR 30 INAI
DGP 72 |NORM ImpiwfithOce 01 1] 0 Duration |OR 30 INAI
DGP 73 |NORM ImpiwithOcc 01 1] 0| Duration |OR 30 INAI
DGP 74 |NORM InpiafithO oo o1 1] 0 Duration |OR 30 INAI
DGP 80 |NORM ImpiwfithO oo 01 1] 0| Duration |OR 30 INAI
DGP &1 |NORM ImpiwithDcc 01 1 0/ Duration |OR 30 INAI
Ready

VS-PLUS differentiates between call and detection systems as well as
check-in and checkout systems. The first one is intended for general-
purpose traffic whereas the second one apples primarily to public traffic.

The following function groups can be differentiated:

» Detector functions general-purpose traffic

» Detector functions public transit

+ Detector functions public transit in connection with PT-Memory

When creating an object of the type "detector" in visual VS-PLUS an as-
signment is made for the function group of " call and detection systems".
Thus detector functions can only be specified for this function group.

Thereby the detector function determines the function mode of the detector
concerned.

In terms of message points standard VS-PLUS differentiates two function
sub-groups:

» Detector functions without counting

» Detector functions with counting

The detector functions without counting will only request on PT phase
even if several calls (several impulses) are submitted. The checkout de-
letes this call. This function is to be used e.qg. if calls by hand can be set
and therefore must be assumed that the same PT vehicle can send several
impulses (e.g. special radio keys).

Warning:

In case of subsequent PT vehicles it is to be noted that the first PT vehi-
cle can likewise delete a subsequent course when checking out.
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With the detector functions with counting several calls (several impulses)
are detected separately. Up to three subsequent PT vehicles can be con-
trolled.

Systems without line recognition can only conditionally recognize errors of
the detection system!!!

5.1 Functions

5.2 Type of call

Detector not active (INACTIVE)

The detector is switched off. It does not have any effect.

Detector for call or detection (NORM)

The detector does not have a special function other than normal detec-
tion. The effect of the detector depends on the detector parameter in
the form standard detector parameter.

Detector with continuous recall by software (SOFT)

The detector function SOFT results in a continuous recall by the soft-
ware.

This continuous recall does not work in the green. Only calls are sub-
mitted. A continuous extension must be obtained with the movement
flag "extension".

Spillback detector (TerminatePhase)

The movement is set on red.

With the detector function "TerminatePhase" a spillback flow control is
established. As soon as the detector concerned meets the conditions
of spillback flow control the assigned movement is set on red.

The minimum red time duration after spillback can be parameterized
differently to the normal minimum red time.

The detector function "TerminatePhase" assumes there is a down-
stream detector, i.e. after the stop bar. Detectors with the detector
function "TerminatePhase" cannot be used for call or detection.
Spillback detector (Det off)

The detection is switched off.

With the detector function "Det off" a spillback control is established.
As soon as the detector concerned meets the conditions of spillback
flow control the assigned movement is set on red.

The detector function "Det off" assumes there is a downstream detec-
tor, i.e. after the stop bar. Detectors with the detector function "Det off"
cannot be used for call or detection.

It can be specified for each detector, which signal is considered as call.
The following types are possible:

Positive flank (Impulse)

The call of the detector takes place with the rising flank

Negative flank (Gap)

The call of the detector takes place with the falling flank.

Positive flank with occupancy (Impulse with occupancy)

The call of the detector takes place with the rising flank or if it is occu-
pied.

Occupancy (Presence)

The call of the detector takes place after reaching the hold time.
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5.3 Rest time

Detectors processing impulses can be set to rest. It means during the dura-
tion of the rest time no further impulses will be accepted after a valid im-
pulse.

5.4 Occupancy time
The parameter occupancy time specifies after which time period the detec-
tor submits the call.
. 0 Presence of vehicles is not detected
« >0 This detector is evaluated on occupancy meaning it must be oc-
cupied at least during the adjusted length of time
* oo The criterion occupancy time is switched off

As soon as the criterion holding time is fulfilled, VS-PLUS starts a call timer
[twdet] for the detector that records the time since the first call.

5.5 Delay time

With the parameter delay time the effect of a call can be delayed (after the
criterion call was met). That is, VS-PLUS waits with a consideration of this
call until the detector waiting time [twdet] is larger than the value delay
time.

5.6 Hold time

The hold time indicates for how long the effect of a detector remains. As
soon as the detector waiting time is larger than the value hold time the ef-
fect of the detector concerned is terminated.

In case of detectors detecting presence (type of call) with a hold time of Os
the effect remains only as long as the detector detects a vehicle.
Warning:

Particularly in case of PT vehicles the detector waiting time is deleted only
if the PT vehicle received green at least once within the range of the ex-
pected arrival second.

5.7 Reset time

As long as the time after end of green is smaller than the reference value
reset time a detector cannot cause a call. During the duration of the reset
time the detector’s calls are deleted.

For example: reset times as long as the amber time prevent calls for the
next cycle by drivers crossing the stop bar during clearance (amber).

Except with PT vehicles additionally a resetting in green takes place.
. 0 No resetting
« >0 Resetting according to description

5.8 Extension: gap
The gap time indicates for how long a detector in the country can still ex-
tend after it is no more occupied and with its phase being in green.

This criterion can be combined with the parameter occupancy:

. 0 The occupancy alone is determining

« >0 The gap time is detected

* o The gap time is inactive (the occupancy alone is determining)
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5.9 Extension: occupancy start

VS-PLUS provides the possibility to detect the so-called "occupancy" of a
detector. This is done using a hysteresis and the occupancy duration must
rise over one determine threshold value (parameter occupancy start). Then
the detector extends until the occupancy duration falls again below a sec-
ond threshold value (parameter occupancy end).

The two values are to be entered in percent and lie between 1 and 100.
. 0 The occupancy is inactive (the gap time alone is determining)
« >0 The occupancy is

With a combination of both extension criteria (gap time and occupancy) the
type of detection is to be considered.

5.10 Extension: occupancy end

VS-PLUS provides the possibility to detect the so-called "occupancy" of a
detector. This is done using a hysteresis and the occupancy duration must
rise over one determine threshold value (parameter occupancy start). Then
the detector extends until the occupancy duration falls again below a sec-
ond threshold value (parameter occupancy end).

The two values are to be entered in percent and lie between 1 and 100.
. 0 The occupancy is inactive (the gap time alone is determining)
« >0 The occupancy is

With a combination of both extension criteria (gap time and occupancy) the
type of detection is to be considered.

5.11 Type of detection

VS-PLUS provides different parameter for detection such as gap time,
presence, and occupancy. With the type of detection one specifies how
these parameters are to be linked with one another:

+ If the current time gap is equivalent the reference value and the alloca-
tion degree larger than the reference value, then this is considered as
extension.

« If the current time gap is equivalent the reference value or the alloca-
tion degree larger than the reference value, this is considered as ex-
tension

+ If the current gap time is smaller than or equivalent the reference value
and the occupancy larger than the reference value, then this is consid-
ered as extension.

» If the current gap time is smaller than or equivalent the reference value
or the allocation degree larger than the reference value, this is consid-
ered as extension

5.12 Active time

The active time indicates for how long a detector is evaluated with its
phase in green in order to extend the phase.

With a green duration larger than the value "active time", the detector con-
cerned is not considered anymore in the detection.

5.13 Spillback call: occupancy ON or OFF

In order to control the spillback on an approach VS-PLUS provides the
possibility of a call in case of congestion. A so-called spillback detector de-
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tects the presence of vehicles. With the measured detector value (occu-
pancy) a call can be submitted.

If this spillback detector is assigned to a special spillback movement
(movement with higher priority and type of intervention) then a clearance
phase can be forced into the cycle due to the spillback.

A threshold for the beginning and second threshold for the end to the spill-
back criterion must be set. If the smoothed occupancy rate of the spillback
detectors is between the two threshold values "occupancy start" and "oc-
cupancy OFF" the criterion for the registration is met.

The values are to be indicated in percent and lie between 1 and 100.
. 0 The evaluation is inactive
« >0 The occupancy is considered

This criterion can be combined with the criterion occupancy time (OR com-
bination).

5.14 Spillback discharge control

In order to control the discharge of a spillback VS-PLUS provides two pos-
sibilities:

*  Flow control

+ Discharge control

The discharge control takes place with a hysteresis based on the meas-
ured detector value "occupancy".

Thresholds for the beginning and second for the end control this criterion. If
the smoothed occupancy rate of the indicated detectors lies between the
two threshold values "occupancy ON" and "occupancy OFF" then the dis-
charge control is active.

If the detector function is on "TerminatePhase" the assigned movement is
set on red after the minimum green time 1 (tg,min1). It remains on red until
either the spillback criterion disappears or the minimum red time is ex-
ceeded.

If the detector function is on "Det off” (spillback extension) the extension of
the assigned movement is disabled. The movement’s phase is terminated
depending on other factors (red flag, permissive period plan, registration of
conflicting movements); it cannot actively extend any longer.

The value is to be entered in percent and lies between 1 and 100.
. 0 The evaluation is inactive
« >0 The occupancy is considered

Warning:

If the parameter detector function GP is not particularly set on discharge
control (detector function "TerminatePhase" or "Det off"), then flow control
is active.

5.15 Spillback flow control: occupancy duration

The distinction of the two types of functions takes place via the parameteri-
zation of the detector’s function.

For flow control no special detectors are used. A short loop at the stop
bar examines whether vehicles are still present using the two parameter
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values. With the gap time it is checked when the last vehicle crossed the
detector respectively the stop bar. With the occupancy duration it is ex-
amined whether vehicles are standing within the detector range and not be-
ing able to move.

If one of the two threshold values "Spillback flow control: occupancy gap"
or "spillback flow control: occupancy gap " is exceeded the extension is dis-
abled.

5.16 Spillback flow control: occupancy gap

With the parameter spillback flow control: occupancy gap is thus defined
how long the detector at the stop bar may be unoccupied, until VS-PLUS
assumes that the flow of traffic is disturbed (no vehicle flow). If the gap be-
comes larger than the entered value and the phase is still running, VS-
PLUS disables the extension after the minimum green time tg,min2.

5.17 Increment red: time requirement

The time requirement (in 1/10 of seconds) per counted vehicle used for
computation of green time.

5.18 Increment red: occupancy

After reaching this value (occupancy rate in %) VS-PLUS assumes the de-

tector is disturbed. No more vehicles are counted. The green time is set on
the parameter value "Red_MaxGreen".

5.19 Increment red: maximum green

The maximum green time a movement can receive if its detector was an-

nounced as disturbed.
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6 Phases

List of phases - Xiao Ximen i ;Iglll

File Wiew Options 2

v &4k tete B a0

ID Mo | Mame | Description Kind MAIN | U 2] U 3] AND 1 [ AND 2 | AND 3| OR 1 | OR 2| OR 3
Fh 1 G-F_T DE 1
Fh 2 G-F_T DE 2
Fh 3 G-F_T DE 3
Fh 4 G-F_T DE 4
Fh& G-P_T DES
Fh & G-F_T DEE
Fh 7 G-F_T DE 7
Fh & G-P_T DE &

o0 [ oo o | o fra | =
G

ID No | Mame | Description Kind MAIN | UN 2 | UN 3| AND 1 | AND 2 | AND 3 | OR 1| OR 2| OR 3
9 |9 PT 9 PT DE 31
10 J10 PT 95 PT DE 95

|___ [ i0Mo | Mame | Description | Kind [ Maiy [un 2w 3] anp 1 [#np 2| anp 2l or1[or2]or 2]
List of phases | | | £ A

In the sense of the object-oriented approach different basis objects will be
implemented in the phases depending on its type. The properties of the
phases consists on the one hand of a general part (core properties) and a
object-specific part:

* General-purpose traffic:

* Public transit with check-in / check-out systems:

* Public transit systems with serial radio communication:

In the general part a phase gets UN-conditional, AND-conditional or OR-
conditional display elements assigned.

UN-conditional display elements:

The determining phase only controls the display elements in UN-conditional
fields.

Using the PT-memory it is not necessary anymore to assign a main display
element to each phase. This becomes determining for the recording when
using the so-called PT-memory with devices.

AND-conditional display elements:

The display elements in the AND-conditional columns trigger additional
checks. It is examined whether the same display element is also registered
in the same column with further phases. An AND-conditional display ele-
ment switches on only if all phases linked with it switches on. If a phase is
switched off, then also the display element switches off.

Note:

Combinations of the same display element in different columns of the AND-
conditional display elements are linked among themselves with the logical
OR.

OR-conditional display elements:

The display elements of the entries in the OR-conditional columns are
switched on OR linked. A display element switches on if the assigned
phase switches on.

Note:

Combinations of the same display element in different columns of the OR-
conditional display elements are linked among themselves with the logical
AND.
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Combinations of AND-conditional with OR-conditional display ele-

ments:

Often it is desired that on- and off switching off conditions are not the
same. For example a protection turn signal must switch itself on only if the
pedestrian and the car phase switch on. However the protection turn signal
should only switch off when the pedestrian phase switches off. Therefore
VS-PLUS permits to register a display element in the two columns AND-
conditional and OR-conditional.

UN-
conditional
display
element
| |
i MV 1 =7 g 1, o,
= MV 2% 2, o,
/v MV aEs | 3, 0,
iTOMY 4 %75 4, o,
/T MY EFS 5, o,
/= MV 6=y 0, 0,
7MYV 7TES o, o,
/= MV g Es ¢ 0, O,
MY 9=y (9, 0,
= MV 10 =%/ { 10, 0,
A= MV 11 =g 11, o,
/oMy 12 */ {12, 0,
JrOMV13 2/ (13, 0,
A display slement could be found at
of [ and at
saction
Definition:

Allocatinon of movements to display element  —---——-- =/
€83,
=== MAIN display slement
== 2nd UN-conditional display alamsnt
Ard UN-conditional ﬂaplzn
E— D—mndlhnal display alement

—— displayelemem
_ 3rd AND-concllional display element
I -—— —— 1st OR-conditional displa
| [ — 2nd OR-conditional |dép|ay alamant

' : I |~ 3rd OR-condtional display slment

If a display element is registered in the AND-conditional columns and in the
OR-conditional columns, the AND-conditions are decisive for switching the
display element on and the OR-conditions for switching the display element

off.

A display element can occur in both or only in one of the ranges.
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If a display element occurs within both ranges, AND-conditional and OR-
conditional, then the following applies

MV AND AND |AND @ OR |OR OR
L]
Attention:
A combination with the UN-conditional range is not permissible.
f2 - Allocatinon of movements to display element —mmmmme =/

MAIN display element

e 217 UN-conditional diséulay alemant
——— 3rd UN-conditional display slement

— 15t AND-conditional display element
| ——— 2nd AND-conditional display slement
[ [ —_ 3rd AND-conditicnal display elsment
' Lo — 15t OR-conditional display element
: : : : |~ 2nd OR-canditional display elemant

—— 3rd OR-conditional display slement

AL S
MV 2 TS
ToMy 3T
MV 4
FEOoOMY 5 RS
St MV Bt
o TR
T MY -
T omve 9T
/ToMv L0 TS
ATOMVOLL TS
Enter display elements
only in THIS or THIS

section

6.1 MAIN display element
The main display element is an UN-conditional display element. This
means that the main display element is activated by the ON command of
the phase.

Attention:

With exception of so-called dummy phases a main display element has to
be assigned to each phase.

6.2 UN-conditional display element

In case of an on or off command of the phase, UN-conditional display ele-
ments are switched in any case. UN conditioned display elements should
be used only if two or more display elements are necessary, e.g. for signal-
ing of a phase with multiple lanes and common stop line.

1 23

X oar
.
:
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Attention:

In case of UN-conditional display elements it is to be noted that the
status of the phase is formed by an OR linkage of signal statuses of the
assigned display elements. That is, a phase is on green, as long as an as-
signed UN-conditional display element is green.

Therefore UN-conditional display elements should only be used if the
phase change time of the combined display elements match!!

Assigned AND- or OR-conditional display elements do not have an influ-
ence on the condition of the phase.

6.3 AND-conditional display element

AND-conditional display elements only receive green if both phases, which
are assigned to the same display element, receive an on command. As
soon as one of the two phases switches to red, the assigned AND-
conditional display element also switches to red.

Typical examples for AND-conditional display elements are protection turn
signals, which e.g. only flash if the pedestrian and the parallel general-
purpose traffic are on green.

™ UN- AND - OR-
M
é_) \s\ \ 23
n [Displend |
A A ~
\ @ [ =
Attention:

If a display element is specified in several columns, then the columns are
linked with a logical OR.

6.4 OR-conditional display element

OR-conditional display elements receive green as soon as a phase, which
is assigned the same display elements, receives an on command.

1

UN- AND - OR -

5

23

O T N
Flashing

MV 1in MV5in
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7 Standard phases parameters

OStandard phase parameter - Xiao Ximen'SPhP 1 * [ = IEIIﬂ

File Yiew 3

v 3|ia 4 ¥ |7

Mame | Mumber | Descripti

GPDET| CtforPhCt | CT1 | CT2 | CT3 | Tdel mae [TG MINITTG MINZ] TG M&<T | TG MAXZ | tg add | TR MIM ] t mingpilBack

Fh1  |INACTIVE |INACTIVE INACTIVE INACTIVE INACTIVE 5 5 15|25 20 00

Ph2  [INACTIWE [INACTIVEINACTIVE INACTIVE INACTIVE 5 5 15/25 20 100

Ph3  |INACTIWE [INACTIVE INACTIVE INACTIVE INACTIVE 5 5 1525 20 00

Ph4  [INACTIVE [INACTIVE INACTIVE INACTIVE INACTIVE 5 5 15/25 20 100

PhE  |INACTIWE [INACTIVE INACTIVE INACTIVE INACTIVE 5 5 15|25 20 2000

FhE  |INACTIVE |INACTIVE INACTIVE INACTIVE INACTIVE 5 5 15|25 20 2000

Fh7  |INACTIWE [INACTIVE INACTIVE INACTIVE INACTIVE 5 5 15|25 20 00

Fh8  |INACTIVE |INACTIVE INACTIVE INACTIVE INACTIVE 5 5 1525 20 00

FTal  [INACTWE |0 INACT IVE INACTIVE INACTIVE 10 10 1025 20 50

FT 95 [INACTWE [0 INACT IVE INACTIVE INACTIVE 10 10 1025 20 50

Ready [ o [ 4
Properties:

» Control time for phase change

* Control time 1 (intervention after tg max 1)
» Control time 2 (intervention after tg min 2)
» Control time 3 (intervention after tg min 1)
*  Maximum waiting time

e Minimum green time 1

e Minimum green time2

*  Maximum green time1

*  Maximum green time 2

* max green detector malfunction

*  Minimum red time

* Red time in spillback

7.1 Control time for phase change

This parameter defines, after what time a termination of a phase change is

possible.

* Abort in the phase change is not permitted:

* The phase change is protected. The earliest intervention is possible af-
ter the minimum green time 1 (tg,min1).

« Abort in the phase change after control time is larger than the permit-
ted value:

+ The phase change is not protected. An intervention is possible up to
the engagement of the conflicting phase (no longer permitted from first
second of green).

7.2 Control time 1 (intervention after tg max 1)

VS-PLUS knows up to eight different kinds of intervention. These depend
on the parameter control time as well as the parameter control time for
phase change.
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|| GREEN COMMAND { RED COMMAND:

tgminl tgmin2  fgmart  lgmax2

I
intervention in phase transition forbidden

- 1twve = control time 3
- | tweg = control time 2
- 1 twe = control time 1
- thavs =0
- 1twvs = control time 3
- | barvg = control time 2
- 1 tweg = control ime 1
Independent from dapending on
permissive patod parmissive pariod
g end
s always proteciad
ETIIITIIIID traffic actuated protection:

If the phase waiting time exceeds a reference value "control time" while still
on red the type of intervention is upgraded by one level. This means that
the phase concerned can set conflicting phases to red more rapidly.

If the phase waiting period exceeds the control time 1 while still on red,
only the maximum green time 1 (tg,max1) will be allowed for conflicting
phases.

Note:

A control time 1 of « means the phase concerned can never cause a re-
duction of the green duration to tg,max1 of the conflicting phases.

7.3 Control time 2 (intervention after tg min 2)

If the phase waiting period exceeds the control time 2 while still on red,
only the maximum green time 2 (tg,max2) will be allowed for conflicting
phases.

Note:

A control time 2 of « means the phase concerned can never cause a re-
duction of the green duration to tg,max2 of the conflicting phases.

7.4 Control time 3 (intervention after tg min 1)

If the phase waiting period exceeds the control time 3 while still on red,
only the minimum green time 1 (tg,min1) will be allowed for conflicting
phases.

Note:

A control time 3 of « means the phase concerned can never cause a re-
duction of the green duration to tg,min1 of the conflicting phases.

7.5 Maximum waiting time

If the phase waiting time achieved the maximum waiting time, the phase is
shifted from priority level 1 to priority level 2.
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7.6 Minimum green time 1

The minimum green time 1 (tg,min1) can be regarded as redundant mini-
mum time to the controller’'s minimum time.

In order to prevent VS-PLUS from sending switch-on / switch-off com-
mands, which then have to be corrected by the safety level of the control-
ler, the minimum green time 1 must be at least as large, as the controller
minimum time.

Note:

The minimum green time 1 is protected by VS-PLUS under all circum-
stances. That is, it is set independently from the frame signal.

7.7 Minimum green time 2

The minimum green time 2 (tg,min2) is considered as traffic engineering
meaningful minimum green (limited minimum green duration).

The green is held, if the extension conditions (traffic present) are met.

Note:

The minimum green time 2 (tg,min2) is set independently from the frame
signal.

7.8 Maximum green time 1

The maximum green time 1 is the first reduction level under the maximum
green time 2.

Conflicting phases which reached their control time 1, can interrupt phases
after tg,max 1.

7.9 Maximum green time 2

The maximum green time 2 (tg,max2) corresponds to the traffic-
engineering maximum according to the capacity calculation.

A continuous allocation of all loops should result in a cycle time not violat-
ing any of the tg,max2 of all phases. This cycle time has to meet the load
(utilization 100%).

Note:

If a phase achieves the maximum green time 2 and a conflicting phase is
about to be activated, then it will be interrupted, even if its frame signal end
was not yet reached.

7.10 Maximum green detector disturbance

The time requirement (in 1/10 seconds) that is used per counted vehicle for
the calculation of the green time.

7.11 Minimum red time

The minimum red ensures that a phase does not receive green again im-
mediately after green end.

The minimum red time is independent from congestion.

Attention:

The minimum red time refers to the red duration of the phase and not to
the red duration of the display element (signal group).
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The minimum period of the color red is to be entered.

7.12 Red time in spillback

With the detector function "TerminatePhase" a phase with down phase
congestion (discharge control) is set to red.

Thus a new switch-on command is not obstructed. VS-PLUS can also
switch a phase with congestion again to green in accordance with the rules
of the picture compilation.

The red time in spillback keeps a phase with a red command due to con-
gestion from becoming green again immediately after end of green. The
assigned value corresponds to a minimum red time after the congestion.

8 Phase flags

OPhase parameters: flags - Xiao Ximen'PhF 1
File Wiew 2

=1alx]

v &|ciE 4 ¥ |0

Name | Humber | Descripti
PRF1 1
Phe DE[ REQU [areen flaal prio fan [ Coord] Coord] Coord [ Ext fla [ Ried lan 1[Red flaa 2[Red flaa 3[Red flan 4 Rep flalRen flaal A1 [ PrestdPr [ IdePr
Ph 1 Immediste  |Duration  |INACTIVE |Hard |Hard |Hard |DET stat |Noredflag |Moredflag |Moredflag |Moredflag immer  |immer SI_No.1 withaut freeze | Idle progr]
Ph2 Immediste | Duration | INACTIVE |Hard |Hard |Hard |DET stat |Moredflag |Moredflag [Maredflag [Moredflag |immer | immer Sl_No.1 withaut freeze |ldle proar
Ph3 Immediate  |Duration  |INGCTIVE |Hard |Hard [Hard |DET stat |Naoredflag |Moredflag [Moredflag |Moredflag [immer  |immer SI_MNo.1 without freeze | Idle proar
Ph4 Immediate  |Duration  |IN&ACTIVE |Hard |Hard [Hard |DET stat |MNaoredflag |Moredflag [Moredflag |Moredflag [immer  |immer SI_MNo.1 without freeze | Idle proar
Ph& Immediate |Duration  |INACTIVE |Hard |Hard |Hard |DET stat |Moredflag |Moredflag |Moredflag |Moredflag immer  |immer SI_No.1 without freeze | Idle progr]
PhE Immediate  |Duration  |INACTIVE |Hard |Hard |Hard |DET stat |Moredflag |Moredflag |Moredflag |Moredflag immer  |immer SI_No.1 without frieeze | Idle progr]
Ph7 Immediate |Duration  |INACTIVE |Hard |Hard |Hard |DET stat |Noredflag |Moredflag |Moredflag |Moredflag immer  |immer SI_No.1 without freeze | Idle progr]
Ph i Immediste |Duration  |INACTIVE |Hard |Hard |Hard |DET stat |Noredflag |Moredflag |Moredflag |Moredflag immer  |immer SI_No.1 withaut freeze | Idle progr]
PT 3 Immediste | IMACTIVE |INACTIVE |Hard |Hard |Hard |DET stat |Mo extension|Mored flag [Maredflag [Mored flag |immer | immer Sl_No.1 withaut freeze |ldle proar
PT 95 Immediate | IMACTIVE INACTIVE |Hard |Hard Hard  |DET stat |Na extension|Mored flag |Moredflag |Moredflag [immer  |immer SI_No.1 without freeze | 1dle proar
Ready [ o[ s
*  Type of call
+ Green flag
* Priority flag
» Partial-intersection

Coordination flags:
Coordination flag for main phase
Coordination flag for minor phase WITH call

Coordination flag minor phase WITHOUT call
Extension flag

Red flags:

Red flag

Re-service flags:
Re-service flag for main phase

Re-service flag for minor phase

Idle program flags:

8.1 Type of call
The type of call defines when the phase waiting period is started:

Idle program

Preliminary stage - idle program
Idle program - controller off

Immediately

The phase waiting time [ twits ] is started at the same time as the first

detector waiting period [ twdet ].

With PP
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The phase waiting time [ twts ] starts with the beginning of the frame
plan.
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8.2 Green flag
VS-PLUS Principle:
Phases switch to green only if they are called!

Thus the standard behavior of VS-PLUS is to switch only those phases to
green, which are called by their detectors.

With the green flag phases can be requested, even if the assigned detec-

tors did not submit a call. The following possibilities are available:

* INAC (green flag 0)

« Standard behavior:

* A phase can be called with detectors only.

*  Duration (green flag 1)

* A call for green takes place directly with red (continuous call of the
phase).

* BeginPP (green flag 2)
A call for green takes place, as soon as its frame signal started, even if
no detector call is present.

Pha —==—======================
Phb (conflict with Pha) ========================

Call of phase Phb

8.3 Priority flag

As a standard procedure VS-PLUS assigns a priority value to each phase.
This value depends on the priority of the priority element, in which the
phase is located, as well as the rank of the phase within the priority ele-
ment.

The priority value is determining in the picture composition. During simulta-
neous call the phases are considered in accordance with the priority value.
priotity value = [PEMAX-proc+1)~100 + {MPMAX-rank+1)

priority

- 22E8EBEEZ

minor phages sorted by priority elament and rank

With the priority identification the standard priority value can be affected, as
a priority addition is added to a phase depending on its level of interven-
tion.
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standand priority of priorty slemeants with priority supplement

1 i | H di ]
ooty velue = [FERMAK proced 100 + {phealus® 000}

The weight of the addition is determined, depending on the priority ele-
ment, by the parameter weight of the priority identification.

With a priority addition according to standard, a total priority is developed,
which is inverse to the standard prioritization.

The parameter initialization takes place with a time value equal to the
maximum waiting time. As soon as this time value is exceeded (phase wait-
ing time larger than time value), the priority addition is initiated.

8.4 Coordination flag

(for main phases and minor phases WITH and WITHOUT call)

VS-PLUS permits to select between four different degrees of coordination.
These determine how strong the synchronization of the green commands
with the framework signal plan is.

These degrees of coordination refer on one hand to main phases and on
the other hand to minor phases. It can be determined whether only main or
only minor or both shall be with synchronized the frame signals

A hard coordination follows strictly the frame signal plan. It means, a
phase can only receive green, if its call and its on command take place
within the frame signal. Thus the calling range of the frame signal is abso-
lutely kept. Also the main pointer can point to this phase only as long as the
frame signal is applied.

It is to be noted that with a hard coordination phases, which cannot be
switched to green within their frame signal for call, e.g. due to an interven-
tion of a higher priority, can be omitted.

A soft coordination follows the frame signal less strictly. In this case only
the call is synchronized with the frame signal. The green command can

then also take place outside of the frame signals. Therefore the main
pointer can also point to this phase outside of its frame signal.

With the soft coordination omitting of phases is prevented. Phases, which
could not be switched within the framework signal e.g. due to an interven-
tion of a priority, will be served later. It is to be noted that the coordination
can be disturbed substantially (green no longer within the target range).

The coordination flag can be set differently to SOFT or HARD for both the
main phases and for the minor phases with and without call:

» Coordination flag main phases

* Coordination flag minor phases without call

* Coordination flag minor phases with call

» All combination options are possible e.g.:

« soft coordination for MSt, MiSt-with and MiSt-without

* hard coordination MSt, soft coordination for MiSt-with and MiSt-without
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* hard coordination MSt and MSt-with, soft coordination for MiSt-without
* hard coordination for MSt, MiSt-with and MiSt-without

Attention:

However the coordination flags for each phase are only active if the appro-
priate global flags in the program definition are set to "in accordance with
definition phase"

8.5 Extension flag

VS-PLUS normally starts green time detection after minimum green 1. The
extension is thus dependent on the extension flag. The extension flag rec-
ognizes three effective groups:

+ Static detection: detection cancelled after gaps.

The detection is cancelled in the event of gaps in traffic even if suffi-
cient traffic is subsequently available.

Two variants are possible:
a) The detection is cancelled when all loops stopped detecting. A

"swinging" between individual loops (alternate detection of the
loops) is possible.

b) The detection is cancelled loop for loop. In other words a loop that
is no longer detecting is ignored. This prevents "swinging" be-
tween the loops.

* Dynamic detection: temporary gaps are ignored.

*+ A phase can be detected up to maximum green even if temporary
gaps occur in traffic and no conflicting phases can intervene.

* Permanent detection: extension by software

This extension flag generates a permanent extension independent of
traffic (like permanent occupancy of a loop). This can also be set if no
loops are present.

8.6 Extension flag static detection
The static detection knows the following possibilities

8.6.1  Static detection by phase

A phase can only actively extend a green phase once. If all loops are no
longer detecting, meaning no traffic is present anymore, the phase is ter-
minated as soon as possible even if traffic is then present again.

Note:
Contrary to "DET_stat" the termination takes place only if all loops do not
detect any longer.
8.6.2  Static detection by phase with conflicting permissive signal
This extension flag is a combination of static and dynamic detection:

As long as no conflicting permissive signal is pending dynamic detection is
active (temporary gaps are ignored). As soon as a conflicting permissive
signal is pending static detection applies (detection cancelled after first
gap).

This basically means that detection only starts when a conflicting permis-
sive signal is pending.

Note:
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The detection is cancelled if no more loop measures.
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8.6.3  Static detection by phase during conflicting permissive signal and call
"Ph_stat with Call_conf"
This extension flag is a combination of static and dynamic detection:

The dynamic detection (temporary gaps are ignored) is active, as long as
no conflicting permissive signal is activated. As soon as a conflicting per-
missive signal and a conflicting call (twdet larger than zero) are pending,
the static detection (detection terminated after first gap) applies.

This means the detection begins with the activation of a conflicting call.

Note:
The detection is cancelled if no loop is detecting anymore.

8.6.4 Loop wise static detection
loop wise static detection "DET_stat"

A phase can actively extend only once for each green phase. If all loops
do not detect any longer, i.e. no traffic present, the phase is terminated at
the earliest time possible, even if then traffic is present again.

Note:
Contrary to "Ph_stat " the termination takes place loop for loop (loop
wise).
8.6.5 Loop wise static detection with conflicting permissive signal
"DET _stat with PS_conf"
This extension flag is a combination of static and dynamic detection:

As long as no conflicting permissive signal is pending, the dynamic detec-
tion (temporary gaps ignored) applies. As soon as a conflicting permissive
signal is pending, the static detection (detection cancelled after first gap)
applies.

This means that the detection begins only with the activation of a conflicting
permissive signal.

Note:
The detection is cancelled if all loops do not detect any longer. The can-
celing takes place loop for loop.
8.6.6 Loop wise static detection with conflicting permissive signal and call
"DET _stat with Call_conf"

This extension identification is a combination of static and dynamic detec-
tion:

As long as no conflicting permissive signal is pending, the dynamic detec-
tion (temporary gaps ignored) applies. As soon as a conflicting permissive
signal and a conflicting call (twdet larger zero) are pending, the static de-
tection (detection terminated after first gap) applies.

This means that the detection begins only with the activation of a conflicting
call.

Note:

The detection is cancelled if all loops do not detect any longer. The can-
celing takes place loop for loop.
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8.7 Red flag

VS-PLUS’ standard behavior is such that only those phases that are deac-
tivated by conflicting phases are switched to red.

VS-PLUS principle: Phases remain green until switched to red through the
activation of conflicting phases!

The reasons for a deactivation are given by the various rules:

* No traffic present

* Higher intervention level

* Maximum green reached

* End of permissive period

You will often find phases that have green but which are not affected by the
standard behavior of VS-PLUS and thus retain green.

A red flag allows to selectively switching these phases to red. These
phases can then set to red even if they were not to be set to red according
to the standard behavior.

The possibilities are as follows:

*  No red flag

* No traffic

+ Extension up to permissive signal

+ Extension up to permissive signal end
+ Extension up to tg min 1

+ Extension up to tg min 2

+ Extension up to tg max 1

+ Extension up to tg max 2

« Extension up to conflicting call

+ Extension up to conflicting activation
+ Extension up to conflicting permissive period

The effect of the individual red flag parameters can be combined logically:
 (RF1or RF2) and (RF3 or RF4)

8.71 Nored flag

Red flag 0 "No red flag": Standard behavior.
+ The phase retains green until switched to red by a conflicting phase.
Kr = no red flag

phase a

phase in

when ON for conflicting phase

8.7.2 No traffic

Red flag 1 "no traffic"
* The phase switches to red as soon as no further traffic is present. The
frame signal is ignored.

Kr = no traffic tg,mint

if no traffic 1

--aumuuﬂn -|IlI'IlihllIl hhlll.': T AT
b s i i ] |

phase a

phase inj
conflict |
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8.7.3

8.7.4

8.7.5

8.7.6

Extension up to permissive signal

Red flag 2 "up to PS"
* The phase switches to red at the end of the (red) extension frame the

latest.

Kr = until frame signal extension start
frame for extension

s s e

P"lﬂﬁ_ﬁ I T T T T e
conflict LT ELTELTE LT T

Note:

With overlaid phases (several phases are assigned to the same display
element) VS-PLUS examines whether the red flag of the other phases can
be implemented likewise. If this is not the case, the red flag does not work.

Attention:
The red flag works not within the range "early green" but only at the end of
the permissive period for extension.

Up to end of permissive period

Red flag "PS end"
* The phase switches to red at the end of the permissive period exten-

sion the latest.
Kr = until frame signal ends

phase a FIRIRTERENIINIONE mamsmannnnip, oo=re=rmrmsnsnsn nhnsibudnsdonbuibninsked NEENENNERY F|||
TIHIREERINIEIRNRNN MRNIRERRENE il unnamemansnansn mapsqpaganpuypeyuspenes RRRRRNEINR’ "|“

Up to tg min 1

Red flag "up to tg min 1"
 The phase switches to red on reaching the minimum green time 1

(tg,min1).
Kr = until tgmin 1 minimum green time 1 (kg,min 1)
hdnduin
8 o T i S
phase in IIIIIIIIIIII [T IIIIIIIIIIIIIIIIIII|IIIIIIIIII p— |||||||||!||||||||||
conflict IR IR RN IR I AR I AR NRIR I RN RIRIRIRNIRIN] RUCRINEERINERINTINIRIRIRIREN

Up to tg min 2

Red flag "up to tg min 2"
+ The phase switches to on reaching after the minimum green time 2

(tg,min2).
Kr = until tgmin 2 min green time 2 (tg,min 2)
phase a (LI -r—— 5| == M
TIRIRIREIREEARARREL MORANRRNAN i snmamannnnnnumen @ I L

WESEIHMI T LT LT LT LT P TR PR TR P L T
conflict T T T T T e b L L L Ll L L L L]
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8.7.7 Up totg max 1

Red flag "up to tag max 1"
+ The phase switches to red on reaching the maximum green time 1
(tg,max1).

Kr = until tgmax 1 maximum green time 1 {tg,max 1

phase a LI T e e

INNERINERRTERIANY WOUSMNNRINN J vumsnansrannmse wupsnsayanpupeys 1 [0 .

phaseIHMI T L L L T T |||||||||I||||||||| TR
conflict HIRIRI RN AR IR ERR AR NE AR RN RN I RARIRINIRAIRI SARTINARINERINRININRTINERIRD

8.7.8 Up to tg max 2

Red flag "up to tag max 2"
« The phase switches to red on reaching maximum green time 2
(tg,max1).

Kr = until tgmax 2 maximum green time 2 {tg,max 2)
) smsmmmanssmanans wrinvindnskadbnionlncke b " TN
phase a MM '-'""“""-l"" ".“!.“!"l"l."l"l"!!"?‘:_

phase in IIIIIIIIIIII T IIIIIIIIIIIIIIIIIII|IIIIIIIIII IR |||||||||!||||||||||

conflict T T L L L ——————

8.7.9 Up to conflicting call

Red flag "up to conflicting call"
* The phase switches to red, as soon as a conflicting call is present.

Kr = until callConf

|t e a ::_:::_::;::' :‘I:::::

phase injgeree=y f A b
el (R R [

call from conflicting phase

The registration is valid if a call timer (tweet) assigned to the phase is lar-
ger than zero.
8.7.10 Up to conflicting activation
Red flag "up to conf active"
The phase switches to red, as soon as a conflicting phase is activated.

Kr = until callConf
Al _THH RN

mmamm T

phass in e T T e e
confiict g T LT L LT T LT I

call from conflicting phase = FSon and
call

| e —————— llullliillllluii

e

The registration is valid if its phase waiting period (twos) is larger than zero.
The condition for it is that the phase’s assigned call timer (tweet) is larger
than zero and the permissive period for registration is present
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8.7.11 Up to conflicting permissive period

Red flag "up to conf PP"

* The phase switches to red, as soon as a conflicting permissive signal
is about to start. This happens independently of whether the conflicting
phase was called or is activated.

Kr = until confPP

phassal |1l ||||||| RINIRINENE Y.
IRIREIIREIIRIRIR]E AEARIRARS

phasa in

5 [T LTI IR ssmneansnenn s
conflict [

R
nﬂic’ﬂng permissive

8.8 Re-service flag

(for main and minor phases)

If a phase switches to green, VS-PLUS sets an internal marker. This
marker is used in the event of a second call to decide on the basis of the
parameter re-service flag whether or not the phase in question can receive
green again. This internal marker is deleted at the end of the cycle.

If minor phases wish to switch into an active phase, a subsequent detection
should not delay indexing to the next phase. Starting with version 3.0 VS-
PLUS thus provides a so-called remaining green calculation. The
remaining green calculation determines the expected green end of the cur-
rent assigned phases and only activates a minor phase if the remaining
green meets the requirements of the re-service flag.

The remaining green calculation initially searches for the assigned phase,
which has had green for the longest time. The main phases already deter-
mined and their intervention levels are taken into account. In a second step
this remaining green is compared to the conditions of the re-service flag.
If the remaining green is smaller than the required value the minor phase is
not activated.

The re-service flag can be set differently for both the main phases and mi-

nor phases.

The effect of the re-service flag depends on the control principle.

+ With a cyclic control the re-service flag controls a re-service of the
main phases and green conditions for minor phases.

* With a non-cyclic control it controls the green condition for a minor
phase.

8.8.1 Re-service flags for main phase with cyclic control

* No special conditions. Main phase may re-service freely.
* re-service with tg,min1 allowed

* re-service with tg,min2 allowed

* re-service with tg,max1 allowed

* re-service with tg,max2 allowed

» restricted, main phase must not re-service

8.8.2 Re-service flags for main phase with non-cyclic control

* no meaning
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8.8.3 Re-service flag for minor phase with cyclic control
* No special conditions, free re-service. The allowed green time is set to
tg,max2.:
o minor phase may re-serve freely
» The following conditions apply for both the first green as well as re-
service as minor phase:
o Minor phase may be served, if remaining tag = tg,min1
o Minor phase may be served, if remaining tag = tg,min2
o Minor phase may be served, if remaining tag = tg,max1
o Minor phase may be served, if remaining tag = tg,max2
o Minor phase may re-serve, if remaining tag = tg,min1
» The first green is given with no further conditions. The green time al-
lowed is tg,max2. The following conditions apply for the re-service:
o Minor phase may re-serve, if remaining tag = tg,min2
Minor phase may re-serve, if remaining tag = tg,max1
Minor phase may re-serve, if remaining tag = tg,max2
Minor phase must not re-serve

O O O

8.8.4 Re-service flag for minor phase with non-cyclic control
* No special conditions. Minor phase may re-service freely.
the allowed green time is set to tg,max2.

* Remaining green must be larger than tg,min1;
the allowed green time is set to tg,min2.

* Remaining green must be larger than tg,min2
the allowed green time is set to tg,max1 genets.

* Remaining green must be larger than tg,max1
the allowed green time is set to tg,max2.

* Remaining green must be larger than tg,max2
the allowed green time is set to tg,max2.

* Not allowed as a minor phase.

8.9 Control modes

8.9.1 Cyclic control
Main phases first receive green according to the standard behavior condi-
tion tg,max2 and intervention level of new phases. A re-service as main
phase depends on the x-value of the re-service flag
The permitted green duration for minor phases, including the first green,
is always determined by the remaining green condition. This depends on
the y-value of the re-service flag

8.9.2 Acyclic control

Main phases first receive green according to the standard behavior condi-
tion tg,max2 and intervention level of new phases. A re-service as main
phase depends on the x-value of the re-service flag

The permitted green duration for minor phases, including the first green,
is always determined by the remaining green condition. This depends on
the y-value of the re-service flag

8.9.3 Re-service for main phase with cyclic control
Re-service as main phase is allowed
* No special conditions. Main phase may re-service freely.
* re-service with tg,min1 allowed
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* re-service with tg,min2 allowed
* re-service with tg,max1 allowed
* re-service with tg,max2 allowed

Re-service as main phase is forbidden
» restricted, main phase must not re-service

8.9.4 Re-service for minor phase with cyclic control
* No special conditions, free re-service. The allowed green time is set to
tg,max2:
o minor phase may re-serve freely
+ The following conditions apply for both the first green as well as re-
service as minor phase:
o Minor phase may be served, if remaining tag = tg,min1
Minor phase may be served, if remaining tag = tg,min2
Minor phase may be served, if remaining tag = tg,max1
Minor phase may be served, if remaining tag = tg,max2
Minor phase may re-serve, if remaining tag larger or equal
tg,min1
* The first green is given with no further conditions with an allowed
green time tg,max2. The following conditions apply for the re-service:
o Minor phase may re-serve, if remaining tag = tg,min2
o Minor phase may re-serve, if remaining tag = tg,max1
o Minor phase may re-serve, if remaining tag = tg,max2
o Minor phase must not re-serve

O 0O O O

8.9.5 Re-service for minor phase with non-cyclic control

The permitted green duration for minor phases is determined in each case
by the remaining green condition. This depends on the re-service flag:
Re-service as minor phase is allowed
» No special conditions, minor phase may re-service freely.
the allowed green time is set to tg,max2.
* Remaining green must be larger than tg,min1;
the allowed green time is set to tg,min2.
* Remaining green must be larger than tg,min2
the allowed green time is set to tg,max1.
* Remaining green must be larger than tg,max1
the allowed green time is set to tg,max2.
* Remaining green must be larger than tg,max2
the allowed green time is set to tg,max2.

Re-service as minor phase is prohibited
* Not allowed as a minor phase.

8.10 Partial-intersection

VS-PLUS can control up to three intersections. In that case different idle
programs can be active or even idle programs for each partial-intersection
can be set. This possibility depends on the type of controller used.

The flag partial-intersection handles the allocation of a phase to the partial-
intersection # 1, 2 or 3.
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8.11 Idle prog

ram
An idle program can be determined with the idle program definition.

The idle program is activated at the earliest when no further calls are re-
ceived. The extensions of phases that are not part of the idle program are
taken into account depending on the following flag.

The idle program is switched on in three stages:

* Preliminary stage idle program Variable "active" set to value 1
* |dle program Variable "active" set to value 2
* Idle program — off condition Variable "active" set to value 3

In the stage "preliminary stage idle program" no more activation requests
are present. The served phases however still have traffic (detection loops
still active).

Using the parameter preliminary stage idle program the decision can be
made mow whether the green time is frozen (value = with freezing) or con-
tinue counting (value = without freezing). In the case of freezing the green
duration is held at the minimum green time 2 (tg,min2).

In the stage idle program the predefined idle picture is set. Here the follow-
ing possibilities are available:

+ INAC Phase actively not affected
* Red Phase set to red
+ Green Phase set to green

The stage "ldle program — off condition" is currently not available. It is in-
tended to switch phases to a basic state "dark" or "flashing". At present this
parameter is set by default on "No off IP ".

Note:

If only activation of phases are present with a predefined idle program and
no phases with green extend anymore, the idle program is switched on
immediately. VS-PLUS does not waited until the permissive period plan
permits a switching to the new picture.

Attention:

However the idle program is only activated if in the parameter rest is set to
"idle program according to definition" (IP_acc_DEF) in the parameter field
program definition.
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9 Phase parameters

9.1 Picture control
VS-PLUS works with three priority classes:

(PE4) {PES)

priority slemant # 1 priority slement # 2 priority element # 3

[FE2)] [®E3)]

and two priority levels:

priority level 2
independent
from permissive

dynamic pricrization structure period

controlled by
maximum waiting time

priority level 1
depending on
permissive
period

priority class 1 priori
{PC1) (PC2
purpose traffic public transport special cases

fixed priority structure given through
rank dependent phase parameters

An overlay of the three priority classes and the two priority levels results in
a prioritization structure with six priority elements

priority level 2
independent
om permissive

dynamic priorization structure seriod

controlied by
maximum waiting time

priority level 1
depending on
permissive
period

—\
priority class 1 priority class 2 priority class 3
(PC1) {PC2) (PC3)
| for ¢ | for standard for
purpose traffic public transport special casas

ﬂxedkpriorlty structure given through
mr‘ ) P A A'b p 'y

The picture compilation assigns one of these six priority elements to each
registered phase. In addition each phase must be assigned to one of the
three priority classes, by registering the phase into the main series of the
respective priority class.

This means that first the priority elements are used according to the priority
classes 1 to 3. The use of the priority elements 4 to 6 depends on the fact
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whether the priority level is activated by setting a maximum waiting time

[Tw max].
priority level 2
independent
dynamic priorization structure fmm permissive = £ (G
controlled by period
maximum waiting time
priority level 1 priarity slement # 1 priority elemant # 2 priority element # 3
depending on BET) P 5
pommissive (PE1) {PE2)
period
priority class 1 priority class 2 priority class 3
{PC1) {PC2) {PC3)
lard for genaral tandard for standard for
purpose Iraffic public transport special casas

9.11

9.1.2

fixed priority structure given through
rank dependent phase parameters

Number to priority element

# Priority elements - Xiao Ximen * - |EI|5|
File Miew 7
v & s 0
Hame Descr FE Mo -
1 |FE1 Car 1
2 |PE3 Bus 3
Ad|
Ready I_A

To indicate the number of the priority element is in accordance with the
representation:

Picture parameter control picture parameter

*r PPR picture control - Xiao Ximen',C -0l =l

File Wiew 7

vE a4V 0

Mame | Mumber | Descripti
CSEQT 1

PE_ [ Senuence | PE value | CucleEndRank | CycleEndPE
PE 1 I 11 1
FE 3 0|INACTIVE |1

LEN

Ready

Properties:

* Processing sequence

*  Priority value

* Cycle end according to rank

* Cycle end according to priority element

The priority supplement value can be set for each priority element individu-
ally.

With the processing sequence the individual priority elements are arranged
for the treatment in the picture composition.

VS-PLUS determines with an internal flag whether a phase was on green
once within the cycle. The cycle is defined by the main series in the priority
classes. The main series must to be processes completely during a cycle.
As soon as such an internal flag is set, a re-service of green depends on
the parameter re-service flag.

VS-PLUS Details 44



After a cycle, at the end of the main series processing, these internal flags
must be deleted for a new cycle can begin.

A cycle end can be defined for each priority element. All internal flags are
deleted at the end of this cycle.

Note:

Apart from the above-mentioned possibility for the deletion of the internal
flags exists another method. All flags can be deleted at one predefined
time during the cycle. This time is adjusted using the parameter global flag:
cycle end in the parameter field "program definition".

9.1.3  Priority value

Depending on the priority flag an additional value can be added to a
phase’s standard priority value. The size of this supplement depends on
the weight of the priority flag. A priority flag can be set for each priority
element separately. Thus a phase in a lower ranking priority element can
receive a higher weighting than a phase in a higher-ranking priority ele-
ment.

The standard weighting is in reverse order of the processing sequence.
The first priority element in the processing sequence receives the smallest,
the last priority element in the processing sequence receives the highest
weight.

As soon as the higher weighted phase is selected by the picture composi-
tion as the main phase, it blocks the lower weighted phases.

Warning:

The activation of a supplement is controlled with the parameter priority flag.
The higher priority weight can only become effective when the phase con-
cerned is selected as main phase.

Example: Priority supplement
* The intersection works with the priority classes 1 and 2 and the priority
elements 1 and 2 as well as 4 and 5.

* Thus the standard processing sequence reads 4,5,2,1.
» Derived from it the standard weight reads:

» Priority flag 1 for priority element 4,

» Priority flag 2 for priority element 5,

» Priority flag 3 for priority element 2,

» Priority flag 4 for priority element 1,

9.1.4 Processing sequence

To indicate is the sequence, in which the priority elements are to be con-
sidered during the picture composition. Thus the sequence and the priority
are specified, with which the phases are selected for a new picture.

The standard processing sequence corresponds to the sequence: PE4,
PES, PEG6, PE3, PE2; PE1
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= (PES)

o= =

VAV

The intersection works with the priority classes 1 and 2 and the priority ele-
ments No. 1 and 2 as well as 4 and 5.

Therefore to register is: 4.5.2.1
Now PE 4 is processed first, then PE 5, PE 2 and finally PE 1.

9.1.5 Cycle end according to priority element

If the cycle end of another priority element is valid for the priority element
concerned, then the cycle end according to priority element must reference
the determining priority element.

If the rank of the priority element concerned is to be effective instead of
another priority element, then the parameter cycle end according to priority
element is to be left empty. But the parameter cycle end according to rank
must be specified.

9.1.6 Cycle end according to rank

The parameter cycle end according to rank must be set to a rank of the
priority element. Once the priority element concerned reached the specified
rank in the sequence the internal flags are deleted.

If another priority element is to be effective instead of the rank of the prior-
ity element concerned, then the parameter cycle end according to rank is to
be left empty. But the parameter cycle end according to priority element
must be specified.

9.2 Main series

£ PPR main class 1 - Xiao Ximen',PC1 1 - 10| x|

Flle Wiew ?

YV E[X X KX|piE 4 VD)

Mame | Number | Description
PCI1 1
Fank | MPh | Ptrdelay | MiPhNo1 [ MiPhNo 2 [ MiPhNa 3 [ MiPh Mo 4 |
EE 0/Ph7
2 |Pn7 0/Ph3
3 |Phd 0/Ph &
4 |Pha 0|Ph 4
5 |Phz 0/FPh1 FhE&
E_|PhE 0|Ph 2
7 |Ph5 0/FPh 1 FT 95 FT 51
8 |Ph1 0/Ph5 FT o1 PT 95
3 |PT9 0/PT 95 Fh1 Fh5
10 |PT 95 0/PT 91 Fh5 Fhi
4 | »
Ready [ 2
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9.21 Main phase

Each priority class has its own main series. The main pointer follows this
main series cyclically under normal conditions (standard setting of global
flag: definition principle main series = MS_cyclic). That is, the pictures are
developed cyclically phase by phase in accordance with the table main se-

ries.

Phase sequence

ol iy’

whel gk
-—

"\
MAIN POINTER

In principle all phases are assigned to the class 1 if they are not in a
main series. If a PT phase is divided into the class 0 in the Siemens
VS-PLUS it remains in this class and is not arranged in the class 1.
The pointer remains on phases that are at getting switched on (condi-
tion 9) if the permissive period and the coordination flag permit this. It
will also remain on these phases if the phase concerned is in the stage
2.

Warning:
Each phase is registered in the appropriate priority class. Each phase may

occur as main phase only in one priority class. However repetitions within a
priority class are permitted.

Phases of the type PT form an exception, if these phases are processed
with the so-called prioritization module.

9.2.2 Pointer delay

The pointer delay specifies the degree of freedom permitted when adding
non-conflicting phases during a phase (pointer is pointing on a certain
rank). As long as a main pointer is fixed on a certain rank the appropriate
minor series is also active.

ey
-
-
L

The main pointer can be held on each rank. The pointer delay is active dur-
ing green, if the extension criterion is met. The main pointer only points to
the next rank after it reached reference value set in the pointer delay field.

The pointer remains on phases that are at getting switched on (condi-
tion 9) if the permissive period and the coordination flag permit this. It
will also remain on these phases if the phase concerned is in the stage
2.

If the travel time of a PT vehicle exceeds its phase permissive period,
the pointer will ignore this permissive period and only point to the
phase once it reaches the "correct", permissive period.
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10 Phase change matrix

gPhase change matrix (traffic—depende_ht - |EI|1|

File View Extras ?

2V ciB 4 V|0

Determination | Countersignature Diescription
DE1]oEz[DE2[DE4[DES[DEG ] DE7 [ DE & [DE 91 [DE 95
DE 1 5 5 3
DE 2 B - 5 5 5 5 5 5
DE 3 5 s 5 5 5 5 5 5
DE 4 5 5 H 5 5 5 5
DES 5 5 s - 5
DEE 5 5 5 s 5 5 5 5
DE7 5 5 5 5 Sl G 5 5
DES 5 5 5 5 5 s 5 5
DE 91 5 5 5 5 5 s
DE 35 5 5 5 5 5 5 /
Ready [z

VS-PLUS calculates phase changes on the basis of the display elements
using the phase change and offset times. With the computation of a phase
change VS-PLUS tries to switch the display elements on as soon as pos-
sible.

Therefore VS-PLUS requires a phase change matrix. The phase change
times specified in the phase change matrix can be larger, than the control-
ler’'s default values.

If a display element does not have to be switched off due to shorter phase
change times, then this additional green is given to it during the phase
change. Exceptions are display elements of the type "without optimization".

VS-PLUS is able, to work with two different phase change matrices in one
data record. In principle VS-PLUS uses the values defined in the matrix
phase change traffic related (VS-PLUS).

In case of PT phases however phase change times can be shorter. If VS-
PLUS determines that a PT phase checked out correctly at the checkout
detector, the shorter phase change time is used. In case of a checkout by
obligation notice of checkout, the phase change time entered in the phase
change matrix is used.

The ‘global flag phase change time defines weather or not the shorter
phase change time will be used.
 PC normal: No shorter phase change time will be used.

* PC shorter: Shorter phase change time will be used.

Due to safety reasons the phase change time, which is supplied in the con-
troller, cannot be undercut. If thus VS-PLUS switches a ,shortened' phase
change time it is the time supplied in the controller’s basis. Thus the traffic-
technical phase change time must be larger, so that shortening is obtained.

If the functionality is to be tested in the simulation, a second phase change
matrix must be provided (phase change time standard). This second matrix
must contain the controller's phase change time. These values are then
used in the simulation as ,shortened’ phase change times.

Attention:

If VS-PLUS recognizes during the phase change that two conflicting dis-
play elements are to be switched to green, it will only switch the one, which
is first in the sequence. The conflicting display element will be suppressed.
Since this case can occur only with an incorrect parameter setting, an error
message will appear.
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