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EventBased Controller DUMKA_E Manual Chapter One Introduction

1. Introduction

1.1. Purpose of this Manual

The purpose of the manual for the signal EvBased Contl (EBC) traffic controller, known as
DUMKA _E, is to offer clear, concise, and comprehensive instructions for experienced traffic
engineers and traffic controller operators interested in integrating flexible traffic signal control
strategies into their projects. The manual provides detailddrmation on the basic concepts
and principles of the signal EveBased Control (EBC) traffic controller framework, along with
instructions on programming the traffic signal controller DUMKA_E using this framework. It
offers stepby-step guidance for pedrming common tasks and serves as a reference for
troubleshooting, problersolving, and debugging. In summary, the manual is designed to be a
valuable resource for users during the implementation and operation of DUMKA_E in their
system

1.2. Event BasedControl (EBC) Signal Traftontroller

The EvenBasedControl (EBC) Signal Traf@ontroller DUMKA _E is a flexible traffic signal
controller that is designed to handt®nflicting requestsirisingfrom variousroad usersising an
eventdriven paradigm. Its logic is based on signal eventsch aredefined as the change in
signal display determinely theuserdefined algorithm irthe controllerand the responses from

the controller The DUMKA _Firtual controller uses grecedencebased approach to process
signalevents and adjusts signaimings,accordingly, enabling it to respond to retahe traffic
conditions. It is intended to provide a more adaptive and efficient solution for traffic signal
control compared to traditional controlle€s ¥ NJ Y Bhg PBEAntoller frameworkprovides

a flexible environment and an efficient programmable system for traffic signal control based on
desired rules, allowing for programable actions applicable to common traffic control systems and
providing a foundation to develop drics that requiresdvancediexibilities The Graphical User
Interface of DUMKA ,EEomprising its tabs, is illustrated Fiigurel.
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Figurel. Event Based Controller Graphical Interface
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1.3. Contents of this Manual

This manuais dividedinto 12 chapters followed by appendices.

Tablel. ChaptersDescriptions

Chapters

Description

1- Introduction

Outlines the purpose of the DUMKA _E Manual

2- Basic Concepts

Provides an overview of fundamental terminology

3- Moving Around Inside DUMKA _E

Introducesthe user interface of the DUMKA _E

4- SignalGroups

Coverghe essential steps in defining signal groups

5- Conflicts

Covers the essential stepsdefining conflicts

6- Stages

Providesa summaryof stages in DUMKA_E

7- SensorsAnalyzers (Detectors ang
Processors)

Covers the essential stepsdefining sensors
(primary and logical sensors)

8- Events Map

Covers the essential stepshnilding events map

9- Operative Map Editing Algorithm

Covers the essential stepsbaildingandediting
algorithms

10- Programs

Covers the essential stepsdeveloping programs

11- Emulation

Provides essential information about debugging a
emulation in DUMKA _E

12- Examples

lllustrates common control examples using
DUMKA E
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2. Basic Concepts

This sectiorprovides an overview of the fundamental concepts aatminology used in the
software. This section aims to clearly and concisely define concepts and key terms used
throughout the manual. It is important for users to have a good understanding of the terms and
their meanings to use and program the EBC effetfiand smoothly to meet their traffic control
goals. This section will serve as a reference for users to clarify terms and concepts that may be
unfamiliar.

Logical Control Signal (Met&ignal)

Meta-signal is a logical signal message, based on the standardized meaninthédrienna
Convention on Road Signs and Signdbrmual on Uniform Traffic Control Devices (MUT@®@D),

the Australian Road Ruleshat can be displayed to a road user through different signal
indications.It should be noted that the metaignal could visually vary in different countries or
states, but the meaning of it is the same. As an exanippire2 shows the different indications

with the same message/meaning: the pedestrians who have not started crossing should wait,
while those already crossing can continue and finish crossing.

i
SR¢ ﬁ%WQ

=

o
Belarus USA Switzerland

Figure2. Meta-signal Example
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Themetasignalscan be divided into two categories

Primary Logical Control Signal (Primary Méebagnal)
A Primary Metasignalis a type of metaignal that conveys only primary control information:
1 Typeof controlled road user and the direction to which the signal applies.

1 Rght of way status (allowegfohibited).
1 Priority of passing in situations of conflict.

Transitional Logical Control Signal (Transitional M&mnal)

A Transitional Metasignal is a type of metsignal which follows the primary control information,

by conveying supplemental information about the transitional process. The types of transitional
processes are the beginning transitiont(Bnsition) and/orthe ending transition (Eansition),

each of which is associated with the relevant state of the primary control information.

11
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General Control Signal (General Mesagnal or Effective Metasignal)

A General Metasignal or Effective Metaignal represents a group of mesggnals that share the
same primary control information (loosely speaking, same +agiway information). Every meta
signal in the group can be considered then as general ssigi@alhaving some specific form
eighter primary or EB-transitional form.

For example, thegroup cred metasigna, dyellow metasigna, and dred and yellow meta
signaf is an example of an Effective Mes&@gnal since they share the same primary control
information of stopping or slowing down the traffic.

Figure3illustrates three general metaignals consisting of three primary metggnals and two
transitional metasignals.

General control signal 1 General control signal 2 General control signal 3
primary form primary form primary form
General control General control
signal 2 signal 2
B-transition form E-transition form
p v N

11T

~ Y
General control General control General control
signal 1 signal 2 signal 3

Figure3. Primary, Transitional, and General Metignal

Different types oPrimary and TransitiondMeta-Signaldased on the Vienna Conventiane
presented in theAppendix A

12
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Traffic Lights System (Traffic Signal Head Arrangement)

A traffic signal head arrangement is a class of signaldwad have the same layout of signal
sections of given shapes and colors. This arrangement (or its equivalesitpe allowed by the
Vienna Convention asther nationalstandardge.g.,Manual on Uniform Traffi€ontrol Devices

Figured4 shows some common traffic signal head arrangements.

Name Canonic Layout of Lights
Vehicles
N
@
T O
A®A
N’
N
) o
@
| —
O
w C
Y O
" OQO
Pedestrian
p @

Figure4. Common Traffic Signal Hea@drangement
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Traffic Light (Signal Head)
A Signal Head is any representative of traffic signal head arrangement.

Traffic Lights Group (Signal Heads Group)

The signal heads group is a collection of identical (or equivalent) signal heads of theaffime
signal head arrangement that are aimed to have identical signal indications at any moment of
time.

Controlled Entry

The area of an intersection/crosswalk approach where signal indications of a specific signal head
can only have effect (as defined by the Vienna Convention) on traffic entering the
intersection/crosswalk.

Controlled Directions Group

Group of traffic directions (one or many), on a single controlled entry, controlled by the same
signal head which can never be controlled independently, due to displaying constraints of the
signal head.

Signal Scheme

Signal Scheme is an abstract scheme that clearly specifies how the givesigretls can be
translated into signal indications for a particular traffic signal head arrangement.

More details of signal schemes examples in DUMKA_E is preseipgendix B
Signal Group

A group of paths through an intersection/crosswalk, whose movements are controlled by the
same metasignal with the same signal scheme at any given time, as a choice of a traffic signal
engineer.

Figure5 indicates the difference between Controlled Entry, Controlled Directions Group, and
Signal Group in an exemplary intersection.

14
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A
(11 2] Controlled Directions Group
|:® O |31 4 Controlled Entry
O e
Signal Group Ol &
OO0l
N :
D \ B
A
5 f > \
I._
m—ooo®® |
4 [1]
3
®[-]
1 2 J_

1l
C

Figureb. Controlled EntryControlled Directions Group, and Signal Group

As the reader begins to explore the new concepts of EBC DUMKA_E, it is important to note that
this section only provides a brief introduction. For moredepth information, readers are
encouraged to consult the glossary at the beginning of each chaptetreasthe concepts are
explained in detail. Furthermore, some of the concepts are given their own dedicated chapters,
which provide a stejby-step explanation of all the details.

15
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3. Moving Around Inside DUMKAS

The chapter focuses on the different parts of the graphical user interface (GUI) of the EBC
DUMKA _E software. The chapter will describe the various menus and display panels that are
available to uses. It will provide an overview of the purpose and function of each of these
components and explain how they can be used to navigate and interact with the software.
Overall, the chapter will provide a comprehensive introduction to the user interface of
DUMKAE, enabling users to easily access and utilize thevaodts full range of features and
capabilities.

3.1. Window Interface Descriptions

The user interface is a crucial component of any software application. In the case of the EBC
DUMKA _E software, the user interface provides a graphical representation of the software's
functionalities and features. Users interact with the software via gt menus, and display
panels, which are all part of the user interface. The user interface allows users to perform
different tasks and operations, such as defining signal groups, defining conflicts, and developing
logic. The subsequent section provideglatailed breakdown of the overall architecture of EBC
DUMKA _EFigure6 illustratesa screenshot ofhe DUMKA _Eoftwareuserinterface consisting

of several modules wherdza SitpEit € required to develop logic for a traffic signal controller.

Programa Signal Controller in DUMKA_E: Essential Information Guide

The following text provides the minimum information neededpmgramthe desired signal
control in DUMKA_E.

Step 1: Defining Signal Groupko establish welllefined signal groups, it is necessary to provide
gualitative data (e.g., road user type, geometrical directions/approaches, etc.) and quantitative
data (e.qg., signaroupchanging times, minimum greens, etc.)

Step 2: Definingdgnal GroupsMovements ConflictsTo prevent potential conflicts, it is crucial

to meticulously define signal groupsith conflicting rights of way. Additionally, careful
consideration should be given to thésafe)intergreen times, the minimumduration between

the end of the right of way for one signal group, and the commencement of the right of way for
the conflicting group

Step 3: Defining Signal Events Mdponstructing a signal events map hinges on the creation of
a map detailing every signal eveAisignal event in EBC is defined as the change in signal display
determined by aiserdefined algorithm in EBChis map is a chronological compilation of signal
events linked by precedence relations based on their occurrences in a timely manner

Step 4: Definind.ogical Sensdjif needed):To simplify the handling of traffic data, logical sensors
could be usedDefining the logical sens(®) is a step that involves the poeprocessing of

16
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detection data and the pr@rocessing of controller data. This step takes place only if there are
physical detectors installed in the fielBased on the acquired data from physical detectors,
logical sensors generate higgavel logical quantity valuesExamples of such logical sensors
include:

1 oRightof-WayDemandDetectok: Thislogical Sensooutputs zero if, at the moment, there
are no unserved road users in the detection zone; otherwise, it outputs 1.

1 oRightof-WayUsageGapOut-Detectok: Thislogical Sensareports a 0 if, during the green
phase, there is no gap exceeding the given threshold value for traffic related to the specified
signal group; otherwise, it outputs 1.

Step 5: DefiningModification Algorithm for Operational Signal Events Maf his section offers
informationto designan algorithm that when activated, cammodify the specified operational
signal diagramTo define itthe following information should be specified:

1 A&What should be modified:
o Theportion of the signal event mapnder consideration for flexible changes (e.g.,
part of the current cycle, the next cycle, or bath)
o Signal event mapchangingactiong that are intendedfor application(e.g.,shorten
green,skip greenetc.)
1 A&Wherg it should be modified
o How-chartlike control logic defining moments whehe dchangng actiong should
be applied to thesignal event map.

An Operational Signal Diagranaiseattime representation ofhe signal diagram (i.e. timgeries

of signals for each signal grouipdicating activated signals (realized part of the diagram) or
scheduledactivations(planned part of the signal diagram) for each signal group at any moment
These diagramare continuouslyupdated in reatime according tahe operational signal event
map.

Step 6: DefiningProgram Defining the Program marks the final phase of the controller
programming process, offering signal professionals the chance to establish-@rs@lined
source of traffic signal control. This entails creating a cyclic-fireel control program based on
a signal events map and, if necessary, integrating adaptieeitdms to transform the fixedime
control into a traffiedependent one.

Step 729 YdzZ F GAY3 (GKS [/ 2y EBE®DUMRARGrammBglIdEsdaivadisy OS Y
emulatethe operation of the programmed controller (with the aid of a buitEBC DUMKA_E
virtual controller).The emulation is helpful for the following purposesrifyingoperating,fine-

tuning operations of the controlleand debugging theadaptive algorithm (if needed) before
implementing it

17
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1- Defining Signal Groups | 6- Defining Program
* Intersection topology (e.g.. road | Visual Showcase: Screenshot from DUMKA_E Software, for Display Purposes Only * Defining a basic signal timing
user type, geometrical £7 v v v diagram based on the signal map
directions/approaches, turn e e * Defining signal control plans for
movements) WA BF et g By sgachm ming | mine - * [ — the intended control level
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s ooe ol @ omaes 33 s 2 o 5- User-Defined Algorithm
| I ] . B
2- Conflicting Signal Groups s 4 4 YoM Beos 3 3 3 Using signal events map (from step 3)
to develop the modification algorithm
* Identifying the conflicting signal I* for Operational Signal Diagram:
groups A - :
* Identifying the intergreen time —{ {mnat a1 ) vy > oo 1 -
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; = : « = : : - | * What part ofsigna_l map ifs considered?
L 29 * What are the required actions?
. en the change should be applied?
| ' When the change should be applied?
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* Developing signal diagramrelies |~~~ ~ ~ ~ —~ —~ —~ — -~ -~ ——/—o/—/&/m&/mem e e e e e e e . il Ts
on building a signal events map. r’
* A signal events map 1s a .
chronological set of signal events. 7- Emulation 4- Detectors & Logical Sensors
. " Pur_poses n_)fthe emulation: ) _ + After collecting data from detectors,
.= * Fine tum_ng the controller’s operation a signal professional should define
f I . m 1 . Con_t.rollmg the detcr.:tors ) || the logical sensors’ type(s) for
: . < * Tracing and debugging the algorithm(s) analyzing and processing  the

detector’s raw data.

|:| Interface Elements in DUMKA_E |:| Signal Event Maps, Fundamental Element for Events Map Algorithm in DUMKA_E |:| Emulation and Debugging in DUMKA_E

Figure6. DUMKA _E Interface and Section
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3.2. Main Window

The mainwindow has8 tabs, as shown in the illustration above and described in more detail in
the Table2. Subtabsare describedaterin eachchapter.

Table2. Main TabsSummaries

Main Menu Summary

Access toa submenuto define manageable signal groupgroviding
information on road user typesignal group number, entrance approad
geometrical directions grougraffic lights groupsignal schemeand base
timing. Refer toChapter4 for instructions.

Access tdawo subments; conflict matrix anddintergreere times tableto

Signal groups

Conflicts defineany movement conflictfRefer toChapters for instructions.

Not available in this version of the softwar&eneral information in
Stages

Chapter 6

1 00Saa G2 F &ddzoYSydz (2 LINPOARS

Detectors and

Logical Sensors data sources, and other parameters that cover all aspects of deteg

Refer toChapter7 for instructions.

Access to two submenus; Events Map and Operative map editing algg
Events Maps | to unlock the full potential of the signal evertssed control methodolog
framework.Refer toChapter &or instructions.

Access to twsubmenusgevents map and operative map editiafgjorithms
which enables the flexibility to develop the signal control logics wi
osignal event map edit@r dalgorithm flowchart editog, and dedition
editoré. Refer toChapter9 for instructions.

Access tdour submenus Basic programs banthichprovides information
on the specifications required for the program's basic diagram, s
Programs up/finish logic, and adaptation algorithm, if needed and Hourly
metaprograms bank, Daily metaprograms bank, and Yearly metaprog
bank Refer toChapterlOfor instructions.

Access to various functions to provide finming operations of the
Emulation controller, observing detection status, and tracing and debugging
algorithm(s). Refer t&€hapter 1 for instructions.

Operative Map
Editing
Algorithms
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4. SignalGroups

A user must provide bothualitative and quantitative data(e.g. topology of the intersection and

basic signal timing datap tdefine accurate signal groups in HBAMKA_E

Qualitative data includes the type of road user for the signal group (vehicle or pedestrian), the
controlled directions groupéuch as geometrical directions/approaches, turn movements,,etc.)
and the signal schemgefer to Appendix Bor more information on this conceptd be used for

the desiredcontrol. Figure7 shows thesignal groups overview in EBC DUMKA_E.

B Example 1.dmk - DUMKA_E_v1.8.0 [Proof of concept]

File Edit Help
Common Signal groups Confiicts Stages Sensor-analysers Working with events maps Programs Emulation

type sg® ent gdg tlg sigschm ming  mins +

v 1 A <—T—> [ [Mixs 5 3 0 0 0 0

- v [

Figure?. Signal Group®verview
Qualitative Data

1 Signalgroup road user type (vehicle or pedestrian)
1 Signal grougontrolled directions

o Controlled entry

o Corresponding geometrical directions group

o Traffic lights group (unique within the controlled entry)
1 Signal scheme

Quantitative data includes the transitionebntrol signals' duration times, giving the rigbt-way

primarycontrola A Ay I £ 8Q YAYAYdzY GAYSZ conyfoRa AYRYUIAf28yQ FY2ANMDAA

time (minimum amount of time that a traffic signal must remain red (or displaynation
forbiddingg signal, such as a solid red light or a red arrow) before it can switch to a green or yellow
signal to allow traffic to proceed. This minimum time is typicadlyprevent drivers and
pedestrians from perceiving theadtffic signal control as malfunctioninthereby avoiding the
likelihood of them ignoring ifThese values are necessary for determining the timing of the signals

within the signal group.

Quantitative Data

1 Transitionakontrol signal§durationtimes.
1 Rightof-way primarycontrol signaé ®inimumtime.
1 Motion forbidding primarycontrol signaé inimumtime.
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Table3 provides an example of how to define qualitative and quantitative data for a situation
similar to that shown ifrigure8. By providing both qualitative and quantitative dagajser can
specify a signal group that meets the necessary criteria for proper traffic control within EBC.

Table3. Corresponding Qualitative Data fdfigure8

Controlled Directions Group
Road User|  Signal Traffic Lights|  Signal
Type Group # | Controlled Geometrical Group Scheme
Entry Directions Group
A 3 [1]
Vv 1 [TlX])
C 3 [1]
% 2 C g} [1] [T.1.eh
v 3 A ™ [1] [T.1.eh
v 4 A H [2] [T.2.x}
B b [1]
\V; 5 [TlX])
D H b [1]
P 6 c Y [1] [Plo
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A
(11 12 Controlled Directions Group
- 18] |31 4 Controlled Entry
Q| |1
Signal Group O e
OO0 i1l
. v B
A
: f .
I._
m—ooo®® |
4 [1]
O
@,
®l-
1 2 J_

(1]
C

Figure8. Exemplary Intersection to Define Signal Groups

Graphical User Interface Signal Groups

This sectiorprovidesinstructions on howo specifySignal Group$or a traffic signal control
systemin EBC DUMKA. Ehesignal groupgab is used to creatand manage signal groups with
detailed specifications, including road user type, signal group number, controlled entry,
geometrical directions group, traffic lights group, signal scheme, and more. Users can add, edit,
or remove signal groups and contrall@irection groups, and perform undo/redo operations.
The section also includefkemarks which containshelpful notes and recommendations for
identification and graphical representation of intersection signal group tapolo
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STER.: Go to thedSignal groupstab. Figure9 illustrates step 1 of defining signal groups.

B Example T.dmk - DUMKA_E_+1.8.0 [Proof of concept]
File Edit Help

Comman signal groups  Conficts  Stages  Sensor-analysers  Working with eventsmaps  Programs  Emulation

type sg# ent gdg tlg sigschm ming mins

Figure9. Defining Signal GroupsSTEP 1

ThedSignal groupstab contains a table for specifying signal groups. The table has columns for
the type of road user (type), signal group number (sg #), controlled entry (ent), geometrical
directions group (gdg), traffic lights group (tlg), signal scheme (sig.schm), mirtime for the
primary signal to give right of way (ming), minimum time for the primary signal to forbid motion

(mins), and the remaining space in the table for defining the duration times for transitional
signals.
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STER: To add a new signal group to the table, click ondrebutton (highlightedin Figurel0).
This will create an empty row that can be filled with the corresponding data for the signal group.

57 Example 1.dmk - DUMKA_E_v1.8.0 [Procf of concept] - u] X

File Edit Help
Common Signalgroups  Conficts  Stages  Semsor-amalysers  Working with eventsmaps  Programs  Emulation

type sg# ent gdg tlg sigschm ming mins

FigurelO. Defining Signal GroupsSTER
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STEPR3: To define the signal group datapscify the type of user (v for vehicles and p for
pedestrians) irthe field dtype¢ of the relevant table(shownin Figurel11). To editan entry,
double-click ona cell. When finished, click outside of the ¢s)lyou were editing while remaining
inside the table area. To cancel an edit, pressiEse key.

57 Example T.dmk - DUMKA_E_+1.8.0 [Proof of concept] - [m] X

File Edit Help
Common Signal groups  Conficts  Stages  Sensor-anal lysers  Working with eventsmaps  Programs  Emulation

Z -
type sg* ent gdg tg sigschm ming mins - Tonoloay

v p S mses 3 0 o0 o o . i

i+

P

Figurell. Defining Signal GroupsSTER
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If multiple signal groups share a controlled entry (intersection approach zone), they should not
have the same geometrical directions to control.

Remark 1:lt is recommended to use the following codi(ghown inFigure 13, based on
location description, to identify controlled entry (intersection approach zone):

1 For theroad approach entry, use a Latin letter (capital for vehicle and small
pedestrian approach) in the code.

1 For the road approach forward carriageway entry, use an upper index (carriag
index) in the code.

1 For the road approach backward carriageway entry, use a lower index (carriac
index) in the code.

1 For the sub intersection, use a left upper index as a Latin number in the code
enables automatic graphical representation of the intersection signal group topc
6 00SaarAoftsS GAF (GKS ac¢2Llf238¢ KeLSI

type sg% ent gdg tlg type sg¥ ent gdg tlg

v |1 PR PRI [1] p |1 a 1 [1]
Al B €© D E F al b ¢ d e f
& H I 1 K L a h i i k |1
M N O P Q R m n © p 4
s T U Vv w X s t u v w x
Y Z Y oz
P I L P B -

L2l L Lk LK L

L L] Lk} L LI

Figurel2. Signal Groupsg Defining Intersection Approach Zone
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If the entered data is consistent, the signal group will be treatedraplementablé€ and shown
in usual colors. Otherwise, it will be treated @son-implementabl€ and represented in gray

colors.

Theautomatic graphical representatioof the intersection shown irrigure8 is presented in
Figurel3 below retrieve from the Topology hyperlink in the Signal graaps

= - - -
type  sg? ent gdg tlg sigschm ming mins + Topology

T
T

Lf+ |

Figurel3. Graphical Representation of Intersection in Topology

Remark 22¢ KS dzy gl YGOSR (NI yaAxdA2yl f &aA Ixduel)s
can be silenced by setting their time to 0. Some transitional signals may not be use
necessary for every intersection or in every country as their use varies by rules and loc

type sgF ent gdg tlg sigschm ming mins
-

A T [1]
v o1 [M1x]o 5 3 4 0 2 0
C T [1]

Figureld. Defining the Unwanted Transitional Signals
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STEP: To add a second controlled direction group to the signal group, simply select any field of
the signal group and click théé+€ button (highlighted inFigurel5).

type sg#F ent gdg tlg  sig.schm ming  mins + Topology

T - Edit...
v fide 5 3 4 0 2 0

c T [1
I+
| . -
. Add controlled directions group

v o2 B <—T—> [1 Mixe 5 3 4 0 2 0

Figurel5. Defining Signal GroupsAdding Another Controlled Direction Group

Toremove the last signal group in the table, click thebutton.

To remove the last controlled direction of a signal group, select any field in the corresponding
signal group and press thié-¢ button.

Remark 31t is important to note that once a signal group is added to the table, it canng
removed from the beginning or the middle of the table. The only way to remove a signal
Aad o0& NBY2QAy3d GKS &0 0238 2 ¥y 2 hekefitiie faké.
Therefore, it is recommended to plan the order of the signal groups carefully before ai
them to the table.

To undo or redo an operation, navigate to the main menu, clickkatit, and selectiUndce or
oRedc.
This section presented a comprehensive guidedefining signal groups in the EBC DUMKA_E

software. The stefby-step process accompanied noteworthy points to help users effectively
create and organize signal groups.
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5. Conflicts

Thischapter in the EBC DUMKA_E Manual discusses detionflicts In the framework, two
signal groups are considered to have no movement conflicts if all combinations of their signals
are consistent from a safety perspective. If the combinations of signals are inconsistent, they are
considered to have movement conflct

In the EBC DUMKA_E manual, conflicts between signal groups are specified by providing two key
pieces of information. The first is identifying which combination of signals giving right of way is
inconsistent, meaning that the signals could potentially donfith each other from a safety
perspective. The second is determining tietergreere times, which is the minimum allowable
period of time between the end of the right of way for one signal group and the start of the right

of way for the conflicting gnal group. By specifying this information, the system can ensure that
traffic flow is properly managed and safety risks are minimized.

Graphical User Interface Conflicts

This section provides information on how to define conflicts through a graphical interface in EBC
DUMKA_E. The Conflideb consists of two sulbabs, dConflict Matri¥ and dintergreen times
table€ This section outlines the stdpy-step process for defining conflicts and provides
important notes and remarks for usé€ksonsideration.

To define the Conflicts, follow the steps below:
STER.: Go to thedConflictg tab (seeFigurel6).

The Conflict Matrix is located on the first stdt on the left in the Conflicts tab in EBC DUMKA_E.

It is a graphical representation of conflicts between different signal grolipsConflict Matrix
provides a visual representation of the conflicts between different signal groups, making it easier
to identify potential conflicts and plan appropriate intergreen times.
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B Example 1.dmk - DUMEKA_E_+1.2.0 [Proof of concept] — (] =
File Edit Help

Common Signal groups Conflicts Stages Sensor-analysers Waorking with events maps Programs Emulation

Conflicts matrix “Intergreen” times table

Figurel6. Defining Conflicts Overview

STER: To fill in the conflict data in the matrix cells, use the special conflict selector provided in
the graphical user interfac€onflictmatrix is shown irfFigurel?.

B Example 1.dmk - DUMKA_E_+1.8.0 [Proof of concept] — O x
P P
File Edit Help

Common Signal groups Conflicts Stages Sensor-analysers Waorking with events maps Programs Emulation

Conflicts matrix “Intergreen” times table

X

v G
ve [
G

Figurel7. Defining Conflictg, Conflicts Matrix

This conflict matrix corresponds to the signal groups in the system. To indicate a conflict, simply
select the corresponding cell in the matrix and enter the necessary conflict data. It is important
to accurately identify the conflicting signal groups gumdvide the appropriate intergreen times

to ensure the safe and efficient operation of the system.

The signal combinations inconsistency matrix is presented on the right, with each row
representing a signal group with a rigbftway ending and each column representing the one
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with a rightof-way starting. To specify conflicts, the corresponding matrix cells need to be filled
with the conflict data, which can be done using the special conflict selector.

For the most common conflict where all signals giving raflway are inconsistent except for a
combination likedyellow flashing - dyellow flashing a particular button is provided with aiiXe
mark. This button can be pressed to specify that type of conimtnptly.

STER: Proceed to theintergreen Times Taldgab, where you will need to input the intergreen
time values in the corresponding table cellie intergreen time tables shown inFigurel8.

® " Example 1.dmk - DUMKA_E_+1.8.0 [Proof of concept] — O X
File Edit Help

Common Signal groups Conflicts Stages Sensor-analysers Waorking with events maps Programs Emulation

Conflicts matrix "Intergreen” times table

11 21 31 4
12 22 32 42
13 23 33 43
14 24 34 44

15 25 35 45 2 6

17 27 37 47

Figurel8. Defining Conflictg; dntergreere Times Table
STER!: To undo or redo an operation, navigate to the main menu, clickixdlit, and select
oUndce or oRedc.
In conclusion, the Conflicts chapter in the EBC DUMKA_E manual providedbg-step guide
on how to define conflicts through a graphical interface using the Conflict Matrix and Intergreen
Times Table sutabs. By specifying the inconsistent signal carabons and intergreen times,
users can ensure safe and efficient signal control for intersections.
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6. Stages

ThedStage tab is currently unavailable in this version of the DUMKA software. The following
information serves as a general overview and outlines what users can anticipate in future
updates

A stage represents a specific control state where each signal group is governed by a Primary
Meta-Signal A stage is defined ascallectionof primary metasignals, where each signal in the
collectioncorresponds to a specific signal grogpéFigurel9for visual representation

Typical Collection of Stages

“Yell
1 2 “All red” © QW,, “Blackout”
flashing
vl . vl . vil . vi I vi .
vl Z
v2

v2 . v?2 . v2 . v2 I v2 .
Figurel9. Explanation of Stage Concept

User-defined stages Built-in stages

The concept of a stage is valuable for establishingteady (with no transition)longterm
condition for all signal groups simultaneously. For instance, ddile reck stage ensures a
consistent state where all movements a®pped These types of stages are also referred to as
main stages

In DUMKA _E, stages are utilized/@mious scenarios:

1. To deactivate all traffic signals, the predefinddackout stage can be activated.

2. To transition from thedblackout or dyellow flashing stage, a startup procedure is initiated
before activating a control element (e.g., a prograiflis procedure involves sequentially
transitioning through the following stages:
oblackout -> dyellow flashing -> call reck -> launching the control element. These
intermediary stages are referred to asgesostages

3. To operate within thetblackout or dyellow flashing stage, a similar process occurs as in
scenario 2, with the sequence:
oOperational control elemerit->dall reck -> dyellow flashing -> éblackouk.

4. Stagebased traffic control requires constructing a signal diagram by sequentially activating
different main stages interconnected by transitions through tihéer-stages Figure 20
illustratesthe stagebased signal control diagramhis option is not available for users in this
version of DUMKA_E.
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vl

v2

main stage 1 4 main stage 2 4

interstage 12 interstage 21

Figure20. Example of Stagbased Signal Control Diagram (Cyclic)
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7. Primary Sensors(Detectorg and Logical Sensors
Primary sensorgdetectors) and logical sensaage essential components for creating the traffic
dependent control logic in the operation of EveBdised Control (EBC) systems

Primary Senso(Detector)

A Primary Sensor is a physidatectorthat interacts with an object of interest (such as a vehicle

or pedestrian in a predefined zone) to obtain and deliver standard primary data about the
object's characteristics. This data typically includes the presence or absence of the object in the
zone, as wll as the duration of the object's presence in the zone.

1 Logical SenseAnalyzer

A Logical Sensénalyzer (orsimply logical sensor)s a logical entitythat processes and
occasionally analyzes ddt@m detectorsto generatenew postprocessed measured valués

use incontrol logic.

Table4 shows two important kinds dbgical sensorsn EBC DUMKA _E that are commonly useful
in building signal contidogic

Table4. Most Commoriogical sensorin EBC DUMKA _E

Logical SensdKind . MeasuredQuantities :
. Version - Required Parameters
Symbol Meaning ID Meaning
Service Deman
Presence (1: :
R.O.W Demand Demand Present, O: 1- Sl_gnal_ Group
RtwDmd vO serviced; 2Continuous
Sensor Absent) demand fla
Waiting | Service Awaiting g
time Time (seconds)

1-Signal Group

serviced;

2- Initial Period when

R.O0.W Usage | gapping is not detecteo
Time Gap | 3- Gap O (initial gap
R.O.W Usage vO Gapping Presence value to detect);

GappingSensor (1: Gap Presenc| 4- Gapl (final gap valug

Detected, 0: No| to detect);

Gap Detected) | 5- Time interval where

gap value changes;

6- Gap detection

ratification delay.

RtwUsgGpg

X

Logicakensos are, in generalstateful units that process the primary sensor values to produce
high-level data. Heregstatefuk refers to a system or component that has a memory of prior
events or user interactions anshnmaintain and track its internal state based on that memory
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(that is why they have alsanalyzeg suffix in the full name)Thiscontrasts witha ¢statelesg
system or component, which does not maintain any memory of prior interactions and operates
solely on the information it receives in the present moment. Tdgical sensorsave several
guantities that have been processed from the primary sensor data. They also have several
parameters that can be finruned for optimal performance. In simple termegical sensortake

in the rawdetectordata and transform it into useful information that can be utilized for decision
making.

Graphical user interface SensorsAnalyzers

This section provides information on how to defiogical senseanalyzerghrough a graphical
interface in EBC DUMKA TBe Sensorénalyzergab offers an empty box that can be populated
with a table containing all the necessary information to define piienary sensorsdetector9
andlogicalsensoranalyzersThis section outlines the stdyy-step process for definindetectors
andlogical senseanalyzersand provides important notes and remarks for user's consideration.

To define thdogical sensordollow the steps below:

STEP 1Go to thedSensorsAnalyzers tab (SeeFigure21).

B MyExample.dmk - DUMEA_E_v1.8.1 [Proof of concept] — O =

File Edit Help

Comman Signal groups Conflicts Stages Sensor-analysers Working with events maps Programs Emulation

Add... Remove...

Figure21. Defining Sensors and AnalyzerSTEP 1
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STEP ZClick on thebAdd..£ button shown inFigure22to open the dialog box for creating a new
SensordAnalyzers

Comman Signal groups Conflicts Stages Sensor-analysers Waorking with events maps Programs Emulation

Add... Remove...

B Add sensor-analyser ? X

Sensor-analyser kind  Version Affixment (Jocation) Primary sensor-detectors (data sources)

e

RowDmd vo . 1

(03 Cancel

Figure22. Defining Sensors and AnalyzerSTEP 2
In the EBC DUMKA _E, tBensorsAnalyzersare identified using a specific format

As it is shown in Figure 18) define aSensorsAnalyzey user needs to provide the following
information:

1 The kind ofSensorsAnalyzer(i.e. whatthe sensoranalyzelis measuring)

1 The version of the Sensefmalyzer

1 The location of the Sensefnalyzer within the intersection (i.e. which entry and ldine
detectoris on)

1 The primary sensor@letector)that the processor is using as a source of data

1 Therequiredparametersthat are neededor the logical senseanalyzer(i.e. parameters
of algorithm of detectors data handlipg
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STEP 3Select the appropriate configurations for each category forldgcal senseanalyzer

and click on th&Oke button to confirm.

The newly createtbgical senseanalyzewill be added to théogical senseanalyze@table with
the chosen configurations and the default required parametefhe information in the

parameters can be adjusted as showrigure23.

B MyExample.dmk - DUMEA_E_v1.8.1 [Proof of concept]
File Edit Help

Common Signal groups Conflicts Stages Sensor-analysers Working with events maps Programs

Emulation

2

RowDmd w0 A 1 1

Add... R i

12

54
1

kind wversion affix- ment dtc param1 paramj

21

zz

23

29

25

i

27

iz}

29

kind

dscr,

31

32

33

Figure23. Defining Sensors and AnalyzerSTEP 3

To remove dogical senseanalyzer choose the desired one and click on tiemove. £ button.

To undo or redo an operation, navigate to the main menu, clickkatit, and selectiUndce or

‘Reda.

This section provides a comprehensive guide on how to define SeAsalgzers using the EBC

DUMKA _E software. The stbg-step process is accompanied by noteworthy points to help users

effectively create and organize thiegical senseanalyzes (essential elements of traffic

dependent control)
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8. Events Maps

This chapter will explore how to work with the events maps in the signal exrstsd control
methodology frameworkThis methodology builds a signal diagram on a signal events map. The
events map serves asspecification ofthe system'score behaviorvia signalkvents and their
relationships. By analyzing the events mapser can gain insight into how the system functions
and how it can be controlled through evebaised mechanisms.

This section will focus on specifying an abstract signal events map, an essential step in building a
signal diagram. This will cover the basics of creating an events map, including dsigmab
events and their attributes, specifying event relationships, and organiaengrder of theevents.
Defining events involves identifying the events that can occur in the system, while specifying
event relationships involves describing how events are related to each other, such as the
conditions under which events can occur or the sequence in which doeyr. Figure 24
illustrates the overview of Events Maps.

® ' Example 1.dmk - DUMKA_E_v1.8.1 [Proof of concept] - a X

File Edit Help

Common Signal groups Confiicts Stages Sensor-analysers Working with events maps Programs Emulation

Operative map editing algorithms

J2.10/dxa sdejy

Figure24. Events Map Overview

The process of creating a signal events map begins with the specification of an abstract signal
events map. This involves defining the events and their attributes, suelveaxs urgency and

event signal transparencifter defining the abstract signal events map, the next step is to gather
guantitative data specific to the program user is working with (the information about programs
isdiscussed more ighapter 10. This data will help to concretize the abstract map and create a
more detailed signal events map.
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After gathering quantitative data specific to the program, the next critical step is to refine the
abstract signal events map to create a more detailed and concrete signal events map. This
process is calledspecifying aoncretesignal events map

Finallythe concrete gynal events majs processed ancesultedin a signal diagrar(Figure25).

Specification of Abstract Signal Events Map

Program Specific

@ Signal Events Map Quantitative Data

l

Specification of Concretized Signal Events Map

Processing

l

Signal Diagram

Figure25. Signal EvenBased Control Methodology

Within the signal eventbased control methodology framewar&nly regular signal events maps
are permitted.Regular signal events maps can be presertgdepetitions of the same infinite
segment.

In the following, the essential terms and concepts related to events raapsntroduced and
defined in detalil.

Signal EventA General MetaSignal Event (GMSE) is the activation of a general-sigteal.The
activationof a GMSHES considerecsan devent occurrencéthat causes a traffic signal to change.

In other words, aignal event is an occurrence of a specific signal state defined by the activation
or deactivation of a signal.

Signal Events GragBasic General Met&ignal Events Precedence Gilafasic General Meta

Signal Events Precedence Graph is an infinite precedence graph of general meta signal events
that define precedenceelationsbetweenthese eventswhere the precedence relations specify

the order in which events occuFEigure26 shows an example of a signal event graph fora T
intersection
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Wvl

=

vl o0 o0 o o

5

Ve o —0 o 0 o 0

v3 o—0 o —0 o0

Figure26. Signal Event Graph;[hitersection Example

Signal UrgencgyGeneral MetaSignal Event) GMSE Urgeridygency is an attribute of GM 8tat
specifies how close or far that GMSE should occur relative to the presenent.In the context
of the eventbased controller system, urgency refers to the degrewlhich a signal event needs
to be addressed in a timely manner based on its level of importance

1 PositiveSignalUrgency:Positive urgency is an attribute of the GMSE which means
that the GMSE shouldccuras close to the present moment as possible.

1 NegativeSignalUrgency:Negative urgency is an attribute of the GMSE which means
that the GMSE shouldccuras far from the present moment as possible

GMSE Urgency Weigl@MSE Urgency Weight representsmportant factor (e.g., 14.) applied
to positive and negative urgencie¥able5 shows the graphical representation of different
urgency weights.

In the following, the graphical convention is used to represent @ dSEUrgency Weight
associated with a signal event in the ewdratsed controller system. In this convention, positive
urgency is represented graphically by a circular shape, while negative urgency is represented by
a rectangular shape. The size of these shagpesed to convey the urgenayeight

As indicated in the table belousMSBJrgency Weighis a number assigned to each signal event,
and it represents the degree of urgency for that event. The higher the urgency weight, the greater
the urgency of the event. Thegencyweight is used to determine the ordépriority) in which
events are arranged on a timeline.

Overall, this convention helps visually differentiate between different types of signal events and
their degree of urgency, which can be useful for usethefeventbased controller system.
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Table5. Urgency Graphical Representation
UrgencyWeight (H4 (2 ()1 ()3

Graphical
b @ O, [m] [ ]

Representation

Signal Transparencyransparency is an attribute of GMtBE&t, being set tatransparentsignag,
enablesthe traffic signal engineer to omit the given signal event indication (e.g., omit green on a
signal indication when traffic is not detected.ransparensignaf doS & \¢Harge the signals in

the signal diagram when activated. This attribute is particularly important in adaptive control
systems, where the signal diagram may need to be adjusted based on changing traffic conditions.

Graphically, transparent signals ampresented by a special texture filling, different from the
standard filling used for other signal events. The special texture filling helps visually differentiate
transparent signals from other signal evenisansparent signal representations are shown in

Figure 27.
@@ E s

Figure 27. Transparent Signal Representations
By default, the transparency attribute is setdopaque for all signal events, which means that
they will change the signals in the signal diagram when activated. However, when a signal event
is designated as transparent, it will not change the signals in the signal dia§yspecial texture
filling will be used to indicate this attribute. As can be noticed from the representations above,
the transparent signal follows the same logic regarding the signal urgency concept.

Remark 1:In essence, a signal event is conceptualized as comprising multiple layers
potentially possessing its distinct signal transparency attribute. To denote these indi\
layers, an icon with the layer identifier is appended alongside the event iseif it

layeridhf ... layerwithidh y R & NI y &L
e @ Layerwithid’F Y R & 2 LI I dz8
: Layerwithid' I Y R & G NI y & LJt

MY sgasossyi sA0K NBadd

Conceptual Framework for Layered Representation of Event Signal Transparency
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The transparency attribute of the entire event is determined based on the following ru
all layers are set to "transparent,” the resulting value will also be "transparent.” Howev
at least one layer is set to "opaque,” the resulting value will'dggaque." This mechanisn
facilitates a "voting procedure" among multiple signal groups to decide whether to mak
event signal transparent.

Abstract Signal Events M@gnhanced General Metgignal Events Precedence Giagimhanced
General MetaSignal Events Precedence Graph is a Basic GeneraSugtal Events Precedence
Graph enhanced with qualitative attributes of GMSES, specifically urgency and transparency.
Figure 28 is the Abstract Signal Events Map basedFaogure 26. The circular signal events
correspond to positive urgency, while rectangular signal events correspond to negative urgency.

vl { | @ | o u
v2 9 —n o —n 9 0
v 3 [ ] | ® | [ |

Figure28. Abstract Signal Events Map;sliitersection Examplé-igure26

Event AftereffectEvent aftereffect is a time duratiofollowing a generalmeta-signal event,
which restricts other general metsignal events (of the same signal grotmpm occurring Two
parameters define the event aftereffect:

o0 The minimal aftereffect duration: this is the minimum amount of time that must pass
before another signal event dfe samesignalgroup can occur.

o The main aftereffect duration: this ike typical(used in typical situationgmount of
time that should pass before another signal event of the saigealgroup can occur.

Event Temporal SeparatioBvent Temporal Separation is an interval that represamgnimum

time that needs to elapse between two GMSEs defined by a precedence relatather words,

if there is a relationship between two events in the graph, this characteristic defines the minimum
amount of time that must pass before the next occurrence of either event so that the relationship
can be maintained.

Concretized Signal Events M@&omprehensive General Me&gnal Events Precedence Graph)
Comprehensive General Metéignal Events Precedence Graptan Enhanced General Meta
Signal Events Precedence Graph enharadditionallywith quantitative attributes of GMSEs,
specifically Event Aftereffect and Event Temporal Separation.
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Figure29isan example od Comprehensive General Mefagnal Events Precedence Graplsed
on Figure 8. The numbers shown aboyim brackets are the eventaftereffects durations and
the numberd2¢ shown inablue bubbleis theevent temporal separation

5] 10 5] 10 [5] 10
vi o 1 o 1 i
{5110 /[:/@J [5110 %@ [5110 %@
V2 9 1 : 9 ‘ 9 ,
[5]10 [5] 10 151 10
v3 o —n o = o —n

Figure 29. Concretized Signal Event Map, T-Intersection ExampleFigure 26

The followingables show the information regarding the example in Fif2BeTable6 indicates
the transitional signal timings, antiable7 provides the intergreen timgtable for this example.

Table 6. Transitional Signals Table 7. Intergreen Times Table
- [ R.O.W Given
vl 0 3 o) vl v2 v3
vl 5
v2 0 3 2 ROV
v 2 5
v3 0 3 2 v3 5 5

Figure30illustratesthe resultedsignal diagranuilt by EBC framework {asualrepresentation
of the signal evenls

0 10 20 30 40 50 60
|||||||||I|III||I|I||I|II|||I||III||II|I||II||I|II|III|||I|||IIII

9 12 15 44 47

Figure 30. Visual Representation of the Signal Events in Figure28 & 29
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It is worth noting that, as can bseenin Figure30, the duration ofthe mainaftereffect of an
event is not necessarily equal to the signal length. For exartipesignal groupv 1€ has 12
seconds of signal lengths whereas, the main aftereffethismsignal groudasts for9 seconds.

The difference between the duration of the signal and its main aftereffect is referred to as the
OGAdditional SignaDuratiore.

Cyclical Comprehensive General M8tgnal Events Precedence Grapiiclical Comprehensive
General MetaSignal Events Precedence Graph is a Comprehensive GeneraSigetd Events
Precedence Graph that consists of a repeating segment, which is aa\eticpattern.

Cyclic PattemCyclic pattern is a repeating segment of Cyclical Comprehensive General Meta
Signal Events Precedence Graph. The prime cyclic pattern is a cyclic pattern that cannot be
decomposed ito a smaller cyclic pattern; otherwise, it is calledompound cyclic pattern

It is important to highlight that all signal events must be connected to each other through

precedence relations.

Figure31lillustrates different variations of prime cyclic pattern of the same signal map shown in
Figure. More information rehting to the cyclic patterns available inAppendixC

[5] 10 [5]10

vi . | v1 B .
[5110 i%@ [5]10

v 2 2

9 Y ﬁ S 9

N5] 10 [5] 10
v3 B i . v3 - . 0
a) b)

Figure 31. Variants of Prime Cyclic Pattern of the sameSignal Map in Figure 26

Graphical User Interface Events Map

To effectively utilize the signal evertased control methodology framework, it is crucial to
understand how tadefine and create the events maps. Events maps serve as the backbone of
the methodology, providing a representation of the signal events that occur in a system. This
section provids a stepby-step guide on how to define events mapy using a graphical
interface. By following this guide, users will be able to create regular events maps that can be
utilized for effective eventdased control.

To define theAbstractEvents Maps, follow the steps below:
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STEP :1Go to thedwWorking with events maggab (seeFigure3?2).

B Moname - DUMKA_E_v1.8.1 [Proof of concept] - O X
File Edit Help
Common Signal groups Conflicts Stages Sensor-analysers Working with events maps Programs Emulation

Events map Operative map editing algorithms

Figure32. Workingwith Events Maps Overview

Thetab is divided into two suttabs:dEvents Map and dOperative Map Editing AlgorithngsThe
OEvents Maptab is used for developing desired abstract events maps, whiléQiperative Map
Editing Algorithms$ tab is designed for working with operative signal maps and editing
algorithms.Chapter Eight only focuses on the first dab, the Events map.
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STEP Zlick on thedMapsExploreg button located on the left side of theab to access the signal
events map bank content browsdfigure33illustrates the events map bank browser.

Figure33. Events Map Bank Content BrowseMaps Explorer Button Location

STEP 3ro create a Map, after selecting the Maps bank folder, tdick on the Maps bank and
open the context menurigure34 illustrates how to create a map from the scratch.

Figure34. Events Map Create a Map
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