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Revision History
Version  Revision Date | Description

2.0.1 21-Nov-2007 Added MSMQ proposal.
Added old configuration files migration proposal
Added COB table setup form

2.0.2 22-Nov-2007 Added functional decription of Event Handling Subsystem
Added class description of Event Handling Subsystem
Core UML diagram and class description @ed. EvensSourc
classes are deleted.
It |l ooks 1| i ke we diowcld@sses that wil
implement EventSouec interface to generate events descri
above (can be found in previous versions of the document)
can save and extract event source as an attribute of the eve
process it in suitable Event Handler. Method getEventSource
return instance of arobject that generated the Event. E
getEventSource() method called frdBYSTEM Event instance
will return an instance oSYSTEM class that generated ti
Event.

2.0.3 24-Nov-2007 SYSTEMCore class deleted.
Carryable interface added.
Class relations reewed.
Factory Layout class renamed to Factory
Added properties and methods for classes Factory, R
Segment, Statiol§YSTEM
Core UML Diagram updated and class description added.

2.0.4 28-Nov-2007 Plugin mechanism description added
Core API interfaes added

2.0.5 29-Nov-2007 Pathfinding algorithm description added
Class Command renamed to Waypoint

2.0.6 30-Nov-2007 Error handling algorithm description added
Object model related to pathfinding reviewed and redesigned
Class description for classesated to pathfinding added

2.0.7 01-Dec-2007 Added explanation of pathfindin algorithm selection

2.0.8 06-Dec-2007 Added new version of station setup form

2.0.9 09-Dec2007 Mi nor changes performed in
has been remode

2.1.0 12-Dec-2007 Ul description changed. All Ul windows was divided to dialc
(modal) and forms. Main form design and layout concepts
changed.

2.1.1 21-Dec2007 Added met hod AFindPluginso
Added Event class description.
Added Methods GetXXXByID to IFactory and Iroute interface
Added methods related to Station manipulation to route
interface
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Version  Revision Date | Description

Changed met hod name from
ISYSTEM interface

Added Incoming and Outgoing segment manipulation to
IStetion interface

Added data exchange algpmt descr i pt i on-in
modul e mechani smo.

2.1.2 27-Dec-2007 Hardware and software requirements added
2.1.3 28-Dec-2007 Radiosystemmodule diagram added
214 29-Dec2007 Rockwell Press System Diagneadded
Inventory System Diagram added
2.15 17-Jan2008 Del eted ASecurity Architect

Radio Interface Module functional specification rewritten
Radio Interface Module UML diagram redesigned
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Overall Software Architecture

The System is ptanedas a systerwith plug-in support. The core module providesSNSTEM
handling and plugn modules add additional features to the software. This architecture makes
theSYSTEM highly extensible and adigurable.

Inue 1tany System
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The System will consist of following modules (Fig. 1):
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Figure 1. Overall System Architecture

System Core,

Inventory System,;

Radio Interface Module;

Interface to External Systems;
Administration Module;

Abitrol Inventory Interface Module;
Rockwell Press System Interface Module;
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Following applications will be developed as a stahahe applications:
1. Factory Layout Editor
2. System Simulator

Core Architecture Overview

The Core will consist of following subsystems:
1. Event Handling
2. Factory Layot
3. SYSTEM Handling

Event Handling Subsystem

This subsystem dedicated to event handling and consist of following parts:
1. Event Queuéreceives events, stores them, sorts by priority and sends to event dispatcher
2. Event Dispatcher receives the event from BveQueue, define event type and send it to
according event handler
3. Event handlers implemertiusinesslogic of eventhandling of each event type. The
handlers can call core module®m Core API.Thoughtbusinesdogic will be realized
according to Businedsinction diagrams.

Factory Layout Subsystem

This subsystem contains and handles all the information related to factory. Factory layout
consists of Routes (wires) which are usedI¥STEM s as a controlling routes. Each route is
divided to Segments. Segnteés a part of route between two stations. Each segment can contain
SYSTEM on itself.Each station can conta8YSTEM too.

SYSTEM Handling Subsystem

This subsystem is dedicated to assigiSTEM s to tasks and selecting the optimal route for
SYSTEMs. ltds mostly mathematical pi rOadér IFactory. a n d
This class (maybe with some inner additional classes) will be designed to solve the problem o
selecting optimal route fdYSTEM and to generate order of commands féectedSYSTEM

External Modules Overview
The rest of the system functionality will be provided bu external-plugodules.

Press Subsystem

This subsystem contains and handles all the information relafgéssfactory. Factory Layout
contains Presse@nd reely rolls and pallets. All these objects interacts WBNSTEM s.
Factory Layout is updated time to time to represent last information &&TEM location,
press jobs, etc.
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External Data sources Subsystem

All the data source®or system corera planned to be pluggable modules. They must implement
ExternalDS interface.

Rockwell Press System Query Interface

According to documentation Rockwell Press Systhould be queried via sockets using special
protocol

Abitrol Query Interface
Cannot be dggned because of information lack.

Inventory Query Interface

Inventorysubsystemm s an Ainternal 0 database designed
pallets, its moving, using and wastinthis database is planned to be developed on MS SQL
Serve and it can be queried via OLE DB interface.

Radio Interface Module

For communicating witt8YSTEM s radio signals are used. This subsystem will consitieof
following classes:
1. RadioReceiveri sends and receives data to and from radio interface. Thss ®a
designed to work with hardware layer
2. MessageTranslatair translates data from object form to bytes for sending (and vice
versa)
All the orders are from order factory should be translated by MessageTranslator and sent b
RadioReceiver. All the signafeom the SYSTEMare translated to events and put to EventQueue
for processing.

Confidential E Solovat Soft, 200 Page 8
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System Reguirements

The following system requirements are approximate and can be changed during systen
development.

Operating System Requirements

Client

Client software (Eg operatord6s console) will work on
Mi crosoftE WindowsE 98

Mi crosoftE WindowsE 98 Second Edition

Mi crosoftE WindowsE Millennium Edition

Mi crosoftE Windows NTE 4.0 Workstation with
Mi crosoft ETBNi ©ddwSemMver with Service Pack 6
Mi crosoftE WindowsE 2000 Professional

Mi crosoftE WindowsE 2000 Server

Mi crosoftE WindowsE 2000 Advanced Server

Mi crosoftE WindowsE 2000 Datacenter Server
Mi crosoftE WindowsE XP Home Editi on

Mi cr os of t EXPWrofeskionals E

Mi crosoftE WindowsE Server 2003 family
Server

Server software (System Core and additional plugins) will run on following operating systems:
Mi crosoftE WindowsE 20M0 Server with Serviec
Mi crosoftE WindowsE 2 ®6éceRPaddOanced Server wi
Mi crosoftE WindowsE 2000 Da#Gcenter Server
Mi crosoftE WindowsE Server 2003 family

Hardware Requirements

Hardware resources may need to be increased during production system testing. The followin
requirements are apprx i mat e and based on Microsoftds
applications.

Client

Required Recommended Required RAM RecommendedHard Disk

processor processor RAM Space

Pentium 90 MHz'Pertium Il 450MHz 32 MB* 96 MB or 200MBytes
or faster higher

*Or the minimum required by the operating system, whichever is higher.
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Server

Required Recommended Required RAM RecommendedHard Disk

processor processor RAM

Pentium 133 600 MHzPentium 128 MB* 256 MB or 3 GBytes for

MHz* processor, or an higher OS, .NET
AMD Opteron, AMD Framework anc
Athlon64 a AMD Datalase

Athlon XP processol
*QOr the minimum required by the operating system, whichever is higher.

Additional Software Requirements

Client

NETYE Version

Microsoft Message Queue (Included) 2.0 and higher
Microsoft .NET Framework 1.1 (not tested on 2.0)
Server

Name Version
Microsoft Message Queue (Included In Server versions of | 2.0 and higher
Windows Operation Systems)

Microsoft .NET Framework 1.1 (not tested on 2.0)

Database Server dnNET Data Provider for it Suppose it will be MSSQL
2000 Server or later

Additional System Requirements

1 Network connection to connect from client terminals to server

1 Support for TCP/IP protocol

1 Active Directory infrastructure is highly recommended to thgeadvantages of
centralized security administration
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Functional Specification
System Core

This module provides communication to the datab8%STEM registers, station labels, pick

and drop points as defined by the specific image of a manufacturingacgnin memory
(factory layout), communication error handling among different modules, unsynchronized event
notification for some modules in the system, and handling of error conditions in the system.

The System Core (Core) is planned as a estamen sysem. The main function of the core is to
dispatch messages coming from external mod@¥STEM, Il nventory, Byt er
send then for handlingto according module. For example, if we getssagéi Ro | | i's r
from sensor in roll preparationes, the message will be generated and sent to subsystem. This
architecture gives uasynchronougprocess execution, small core program sieefythingis

done by modules) and ability to easy extend the system just by adding new message types ft
differentmodules.

The Coratself is a single classSYSTEMCore), thahandledollowing subsystems:

1. Event Handling
2. Factory Layout
3. SYSTEM Handling

System Core is planned to be written as a Windows Service. All communications to the core will
use Event Handligp subsystem as a communication channel.

Old configuration fle§ A" Appl i cati on Build Filed and ALa:
for old systemso document) wil/l be distri bt
will contain following setions

1. Automatic battery change/charge maintenance (BCM) stations.
2. SYSTEM number, type mask, radio number, radio id
3. For each pick and/or drop location
Location name
Station number
Location type
Calculated minimum transfer time
Load present discrete miper
Default pick priority
Default drop location tag
SYSTEM service type
. Queue size default limit
4. For each station
a. stn station number
b. Necessary discrete
c. Signal Discrete
d. Push station
5. Extended Drop Location Tag Definition File

Confidential E Solovat Soft, 200 Page 11
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6. COB tables

Registry willcontain following values:

Host present flag
Discretepresent flag

aokrwnE

Company name, Installation location
Communications parameters
Move automatic priority age in minutes for each of the nine priorities

Event Handling Subsystem

This subsystem dedicated to ateandling and consist of following parts:

Class Name Description

EventQueue

Gets external events from Event Sources, manages them, s
priority and redirects to EventDispatcher

EventDispatcher

Takes messages from the queue and redirects themrm
according handleihis class will be realized as a service.

EventHandler

Every event handler must implement this interfatce be
registered in the system. Different event handlers for diffe
events can be plugged.

SYSTEMEventHandler

Class thahandles the events camy from the SYSTEM

ExternalSourceEventHandl|

Class that handles the events coming from external sei
buttons, etc.

OperatorEventHandler

Class that handles the events coming from operator console

ErrorHandler

Class that handk the system errors

Event Abstract class that encapsulate an information about ¢
coming from the source

SYSTEMEvent Class that represent an event coming ftbeSYSTEM

ExternalSourceEvent Class that represent an event coming from External Sq
(sensor, button, etc)

OperatorEvent Class that represent an event coming from operator console

It is proposed thapersistencéayer will be developed to store event queue just in case of system

crash to restore it. Thought it will be a database tables

Functional Description

Event handling system should do the following things
1. Event Queueegfsthe event from event source and store it

2. Event Queue yts the event into right place (for example, error events should be handled

first).

3. EventQueueextracsthe first evenind sends it to EventDispatcher
4. Event Dispatcherifids and loadsn EventHandlerthat is able to handle given type of

theevent

5. Redirect the Event object tbe EventHandler

Confidential
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6. EventHandlerencapsulate®gic that handles the event andn call methods from the
other classes of theéore API.

Additional Requirements
1. Dynamically add event types
2. Dynamically add event handlers for event types
3. All these changes should be done without editing system source code

Solution

To satisfy the requéments of dynamic events and handlers addition theiplogechanism will

be used. Windowsdll files will be used to dynamically add new Event Types and Event
Handlers tahe SYSTEM

Plug-in module mechanism

The idea of plugn modules is easy. Each cde must implement interface EventHandler. This
interface has a method that registers linkaatory clasén the plugi n 6 s b o d yn.getsT h e
an access t&actoryclass(and instances of other class#s)ough public Factory methods (see
System Cor&JML diagram, IFactory interfacefror example, we can get a list of 8¥STEMs

in system by calling g&tYSTEM s method. This method returns a collection of instances of
ISYSTEM interface.All API classes willimplementcorresponding interfacesyhich will be
contained in single .dll librarynterfaces listed below will make Core API. They will be used for
additional event handlers writing. Methods of these interfaces will be the same as methods of th.
classes with the same name.

|[EventHandler
Event

IFactory
IRoute
ISegment
ISYSTEM
|Station
ICarryable

E

Detailed description of these interfaces given in the next chaptegscommon scheme of plug
in architecture sequencé actionslooks like this:

1. Event Dispatcher service starts

2. It instantiates Factyr Route, Segmen§YSTEM, Station objects and their state (loads
it from database)

3. Then Event Dispatcher loadgdug-in libraries and nstantiates plugh modules then
registers Factory class instance in each-otug

4. All the plugins get the access ttoe SYSTEM instances, Routes, Stations only through
API.

5. Everyplug-in can contain its own classes for woRar example Radio Interfagdug-in
can contain classes for working with 232 interface.

6. When all the plugins loaded system starts.

Confidential E Solovat Soft, 200 Page 13
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7. When message aves, EventDispatcher starts corresponding EventHandler (it can be
more than one handler to handle events) in separate thread. Message is handle
asynchronously.

8. If external module needs to communicate with Core (needs to get some information
FROM Core) itshould create its own message queue. Event handler will place core
answers to this queue after handling the event.

9. If there is no corresponding handler, warning message is written to Event Log

10.If external module needs factory layout for working (e.g. Fadidap Module needs the
information about stationsSSYSTEM s, etc.) it can be dmloaded in XML format.
Direct core database access should be denied to provide security and extensible
architecture. The sample algorithm of Factory Map module may lookhige t

a. System core loads event handler plugin for this module

b. User starts console on remote computer
c. Console send the event fConsol e Start

Cort

Cor
/

Console

Event | o Started

Dispatcher External Module

d. Core receives the event and redirects it to event handler

/COI’

Event

Dispatcher External Module

Confidential E Solovat Soft, 200 Page 14



ProductName Software Design Document Ver. 2.1.5

Confidential

e. Event handler builds factory layout in XML form and sends it back to console
using private message quet&ch client has its own event queue for answers.

/COT

Event

< .
Dispatche xml version

1.0..> External Module
</Factory

f. Console receives the layout and build its own ohjeatlel (inherited from Core
APl interfaces) to represent it in An

/Cor /-External Modulh

Event
Dispatcher

g. Console can send messages about map updates (e.g. during map editing), Handle
will update factory object model on server side

Station ~External Module——
Added
\
NG J

h. Core can send events to console about layout update from another modules (it
may be norXML protocol), so object model on client side will be updated.

/COI’ /-External Moduleﬁ
Event
Dispatcher N
G\l / /;7:@!/
P 3 Y
/ ((\0\|e
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Classand Interface Description

Only public methods and properties will be descril§&ldsses that implement base interfaces (or
extend base classes) will not be described unless they have some specific properties or method:

Event Queue Class

This class can be replaced with MSMQ, which provides the same functionality.

Method Name Description

putEvent(Event e) This method is called by external modules to add
event to Event QueudParametei instance of Eve
Class

Event Dispatche€lass

Will contain reference to Factory class instavgben Event handler is added to Dispatcher, it
gets this referender callbacks

Method Name Description
dispatchEvenivent e) This method is called bivent Queue when

sends the Event to DispatchdParameteri
instance of Eventlass
addEventHandler(EventHandler eh) | Register new Event Handlein Dispatcher
Event Handlers can be registered during sys
work. Parameteri instance of EventHandle
class.

removeEventHandler(EventHandler € Unregister an Event Handler. Parameter
instance of Event Handler Class to be remove
FindPlugins(Stmg path) Searches plugins. Parametér folder where
plugins located

|EventHandletnterface

Method Name ' Description

handleEvent(Event e) The method is called by Event Dispatcher
handle the Event. Parameiemstance of Even
class

getEventType() Shows the type name of the Event that inste
of EventHandler can handle.

getDescription() Shows the short description of Event Handler

registerFactory() Used for registering Factory instanceping-in

Event Class

Confidential E Solovat Soft, 200 Page 16
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This class is NOT abstract. Eveldss must be serializable to have a possibility to send events
via different transports (network, message service). Because ofnparghitecture NO Event
subclassses can be send to Core. All event generators from all sources must use Event class
sendevents, so this class is sealed to prevent inheritance.

HIGH PRIORITY High-priority message type constant
NORMAL_PRIORITY Normalpriority message type constant
LOW_PRIORITY Low-priority message type constant
Method Name ' Degcription

getType() Shows the type name of the Event
getBody() Returns event body in object form.
getSource() Returns event source of the event.
getPriority() Returns priority onEvent instance

MSMQ Proposal

But from the other sidenstead of wrihg event queue cladgdicrosoft Message Queue (MSMQ)
mechani sm can be wused. This is an anal ogue
system.

Messaging and messages provide a powerful and flexible mechanism for interprocess
communication betweesomponents of a servased application. They have a number of
advantages over direct calls between components, including:

1 Robustnesd Messages are considerably less affected by component failures than direct
calls between components, because messageasasied in queues and remain there until
processed appropriately. Messaging is similar to transaction processing, because messac
processing is guaranteed.

1 Message prioritizationd More urgent or important messages can be received before
less importantnessages, so you can guarantee adequate response time for critical
applications.

1 Offline capabilities 8 Messages can be sent to temporary queues when they are sent
and remain that way until they are successfully delivered. Users can continue to perform
operations when access to the necessary queue is unavailable for whatever reason. In the
meantime, additional operations can proceed as if the message had already been
processed, because the message delivery is guaranteed when the network connection is
restoed.

f Transactional messaging You can couple several related messages into a single
transaction, ensuring that the messages are delivered in order, delivered only once, and
are successfully retrieved from their destination queue. If any errors occentitiee
transaction is cancelled.

1 Securityd The Message Queuing technology on whichMessageQueueomponent
is based uses Windows security to secure access control, provide auditing, and encrypt
and authenticate the messages your component sendscaines.

But the system must meet the following requirements to deWwgsageQueueomponents:
Confidential E Solovat Soft, 200 Page 17
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1 To see queue information in Server Explorer or to access queues programmatically,
Message Queuing on your client computer must be installed.

Pros and conof using MSMQ:
1. Development time can be decreased
2. Persistencereliability and security problems are solv@itomaticallyp
But
1. This infrastructure will tie our system to MS Windows Platform only
2. Need some investigations about speed (can we guaranteelpardelivery time).
3. Need to buy Windows 2000 Senlmense

Factory Layout Subsystem

This subsystem contains and handles all the information related to factory. Factory layout
consists of Routes (wires) which are usedSSTEM s as a controlling roas. Each route is
divided to Segments. Segment is a part of route between two stations. Each segment can conte
SYSTEM on itself.Each station can contaBYSTEM too.

Class Name Description

IFactory Interfacethat contain the information about fagtdayout and
objects in this layout

IRoute Route in factory layout with the dedicated frequency. Up to
routes may be in factory

ISegment Interfacethat contain an information about segments (part of
route between two stations)

ISYSTEM Represets theSYSTEM in core object model

|Station Interfacerepresents station on the factory routaplementing
class las three subclasses: DropLocation, PickLocat
BaseStation

ICarryable All the object that can be carried BYSTEM must implemen
ICaryable interface for easy adaptir®YSTEM for specific
requirements

Classand Interface description

Only public methods and properties will be described. Classes that implement base interfaces (c
extend base classes) will not be described unless #weysome specific properties or methods.

IFactoryinterface

Method Name Description

getRoutes() Return routes present in factory layout
getSYSTEMSs() Return list of allSYSTEMSs registered in factory
getSYSTEMBYId() Returns on&YSTEM instance bySsYSTEMs ID.
registeBYSTEM() Registers asYSTEM in factory
unregisteBYSTEM () Unregisters a®YSTEM in factory
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Method Name Description

addRoute()

Adds additional route in factory layout

removeRoute()

Removes route from factory layout

IRoutelnterface

Method Name Description

getiD() Returns route number

getFrequency() Returns frequency value of the route

getSegments() Returns list of segments route consists of
addSegment() Adds a segment to route

removeSegment() Removes a segment from route

getStations() Returns sitions array, which are located on the route
getStationByld() Returns one stations by its label

addStation() Adds station to the route

removeStation() Removes station from the route

ISegmentnterface

Method Name Description

getLength() Returns thesegment length

getStarStations() Returnsa start station of the segment

getEndStation() Returns an end station of the segment

setStartStation() Sets the start station of the route

setEndStation() Sets the end station of the route

setRoute() Sets theroute for a particular segment (may be nee
for route development tasks)

getRoute() Returns the reference to Route that a segment belon

getSYSTEMSs() Returns a list 06YSTEMSs that are on this route

ISYSTEM Interface

Method Name Description

getLoad() Returns an instance of Carryalilecurrent load ofan
SYSTEM

setLoad() A L o aath SYSTEM with the instance of Carryable

getCurrentStation() Returns station than SYSTEM moves to.

getld() ReturnsanSYSTEM number

getSegment() Returns thesegment thaan SYSTEM is moving along

getDropLocation() Returnsa dop location assigned enSYSTEM

setDropLocation() Assignsdrop location for aisYSTEM

getPickLocation() Returns a pick location assigned toS\Y'STEM

setPickLocation() Assignspick location to alSYSTEM

getParl_ocation() Returns gark location of aifYSTEM

sePark_ocation() Assigns a park location to &Y STEM

getStatus() ReturnsSYSTEM current status
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Method Name Description

setStatus() Sets a particular status to 8 STEM
getAction() Retuns current action that @YSTEM executes
getMoveNumber() Returns move number of an moving order
start() StartsSYSTEM

SYSTEM Class

Method Name Description

setOrder()

Protected. Sets the move order tcSMSTEM

getOrder()

Protected. Returns SYSTEM6 S move oOr

|Stationinterface

Method Name Description

getncomingsegments() Returns a list oincomingsegmentgor this station

getOutgoingSegments() Returns a list of outgoming segments for this station

addIincomingSegment() Adds incomingsegment for the station

addOutgoingSegment() Adds outgoing segment for the station

getSYSTEM|() Returns ar8YSTEM which resides on a station

getld Returns a station Id (label)

getStatus() Returns station status

setStatus() Assigns a status to a stat

getLoad() Gets a Carryable instanéesomethingthat lays on &
location

setLoad() Puts a Carryable instance to a location

ICarryable Interface

Method Name Description

SeSYSTEM|() ALoadso CaBY¥YSyEMbl e t o an

getSYSTEM|() Returns the refereecto anSYSTEM that carries thig
object

setStation() APut so the object to a

getStation() Returns the reference to a station that object lays on

The SYSTEM Handling Subsystem
This subsystem is dedicated to assigi{STEM s to tasks and seliag the optimal route for

SYSTEMs . l t 6s

mostly mathemati cal

pO@radebHactony. a n -
This class (maybe with some inner additional classes) will be designed to solve the problem o
selecting optimal route fothe SYSTEM and to generate order of commands for selected

SYSTEM.

Class Name Description

OrderFactory Class that generates orders and assigns the®@YISTEM s. It
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Class Name

Description

finds SYSTEM to execute, finds the shortest route, assigns ¢
for SYSTEM and puts it into Order@euei array of orders tha
are waiting of execution, sort them by priority and &MISTEM

class methods to assign ord@rderFactory is also contains

array of precomputed paths.

Path Set of segments from start station to goal station

Order Setof waypoints(path)for SYSTEM and actions to execute (
each waypoint

Action Single action fothe SYSTEMto execute. Contains station whe

action should be executed g
table i d + modi f i er waitingFeaecuting
or canpleted), time to come and action duratitdsed inside
Order class only.

Class and Interface description

Only public methods and properties will be described. Classes that implement base interfaces (c
extend base classes) wilbt be described unless they have some specific properties or methods.

OrderFactory Class

Method Name

Description

setStart() Sets start point of route

setGoal() Sets goal point of route

generat8 YSTEMOrder() Generates the order foine SYSTEM if start and goal
points are set. After generation nullifies start and
points

getOrderQueue() This method allows to get an access to orders pra
list

PathClass

getSegments() Returns the segments that a path consists of

addSgment() Adds one segment to a path.

removeSegment() Removes a segment from a path.

getLength() Returns the length of a segment. This method doe
count collision resolve time.

getStations() Returns a list of a stations that belongs to a path

Orde Class

Method Name Description
getSYSTEM|() Gets theéSYSTEM this order assigned to.
Confidential E Solovat Soft, 200
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Method Name Description

seSYSTEM() Protected. Assigns the order 8 STEM Cannot beg
accessed from outside.

getPath() Returns a path assigned to the order.

getActions() Returns a list ofctions that are assigned for this org
Each action can be changed then.

addAction() Adds an action for a station. Only actions for station
the path can be added.

Action Class

getCalld() Returns CAL table number that antion associated to

setModifier() Sets CAL modifier

getModifier() Returns CAL modifier for an action

getState() Returns action state (wait, executing, completed)

getStation() Returns station the action should be executed on

setStation() Protected. Asigns the station for the action

getDuration() Returns duration of an action

getComingTime() Returns a time whetine SYSTEMwill come to a statior|
to execute an action. Needed for collision prevention

setComing Time Protected. Changes tfeYSTEMO £oming time to a
station

Optimal Path Finding Algorithm

Letds make some assumptions
1. Each robot has an assigned goal, and each robot knows its start and goal positions;
2. Robots have a préefined path system;
3. Robot can walk out of path, but in pdefined paces only (on stations)
4. Robots cannot communicate to each other.
5. In case of collision robot stops and waits for commands
6. All roboshas a constant speed
7. Robot can stop and do some work only on stations
8. All path areunidirectional
9. Robot does not have rage speed
10.In the end of work robot goes to particular place for charging

The aim of optimization is to minimize the time for load®dSTEM moving. The aim of free
robot path optimization is to minimize collisions with load&¥STEMs. It can be not optima
in terms of time, but it will minimize the time for loaded robots.

There are a number of algorithms for finding paths in dynamical environ&nbD* and its
modifications, adapted genetic algorithm,-based pathfinding, neural networks can be athpt
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Neural networks and afiased pathfinding are not optimal for this problem, because they are too
interial. They need too much time for teaching (of course they can be teached using simulators
and in case of Factory Layout changing they will make&yanbmber of errors. Moreover, these
algorithms are quite hard to implement.

Genetic algorithm as also hadt i mp | e men't on program | angua
from the poit of clearness.

A* and D* are heuristic algorithms and are not computatigrexpensive, but they are good for
partially unknown environments or big graphs with a big number of nodes and arcs.

Exact algorithms such as Dijkstra or Floyd algoritroomputationally more expensive, but they
generate exact results for wdkfined situations. In case of good implementation exact
algorithms can be quite fasAMD K6-2 400MHz RAM 64M, graph nodes 20000Q arcs =
200000finding the shortest path takes 0.4 seco(Sraph library), and they are easier to
implement than heuristic or neal algorithms. So, it is proposed than exact algorithms will be
used.

All SYSTEMSs has a state, so has priorities (less numlibégher priority)

Moving to drop
Moving to pick
Moving to charge
Moving to park

hrwpbE

States

Parked
Picking
Dropping
Charging

hrwpbE

ae fAstati co baveahimmactto thd patthifimdiatgorithm

If SYSTEMs has the same statube SYSTEM that have got the task earlier, hashigher
priority. If the taskwas given simultaneouslthe SYSTEMwith the shortest rest of the wags
a higher priorityPrioritizing needs for deadlock prenten.

All the calculations will be made on digraph with weighted drosite segmentsand nodes
(stations) Theweightof arc is the time needed ftire SYSTEMto go along the arc. The weight
of node is the time th&8YSTEM should stay on this nodé& weight of a node is a dynamic
value(depends on timepnd a weight of an aicstatic value.

As it can be understood from documentation, all of the ranesheroutes from pick locations

to drop locations, from drop locations to service locations and from service locations to pick
locations. So the number of possible paths is a limited value. The first idea of increasing speed c
cal cul ations is precomput iinmgemary (bossittinydptabasa | o
in case of very large number of paths). So, we have a limited number of paths stored in memor
with precomputed length (length mean time to go from start location to goal location in case of
other robots absencdll the pahs in this path list are sorted by length.
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Initially there are four sets of stationB:i pick locations,D i drop locations,Si service
(charge) locationsB i base locations. We add fifth set of locationl T intersections of
segments. Intersectioase important, because they are used more intensively than base stations
and intersection is always a potential bottleneck in any traffic systems.

N M
The aim of the algorithm is minimizing valug(R ) =g C +Q N, , where T(R)- time for

i=1 k=1

N M

SYSTEM number .3 C -t he cost of the path wliihNhtet c
i=1 k=1

time thatSYSTEM must stay on Station numberlkk.et 6 s make the al gor.i

generalizatiopfor delivering roll from pickocation S1 to drop location GThisalgorithmuses
N

t he fivpealtohcoi tddecomposi Cdn.,i sipatecdmpated (an

i=1
M
(4 N, ) should be calculated.
k=1

Set up start point and goal point (8P andgoal pant G1i D)

Selectthe shortest path from the precomputed paths

loop

Find the possible collision€ollision occurs if twoSYSTEM times are equal on the
same station.

If potential collision is identifiedhe station before station on the route wherassoti is
identified gets a wight which equals the time th8YSTEM should stay to resolve
collision according t&YSTEM priorities.

6. If potential collision nodéNc [ 1) try to set weight fopreviousnode(N) on the route

]
bR

o

tha belongsto B set.
7. When dl nodes are weighted, the cost of the path recalculated.
8.1 f selected path cost | ess than Astati co

(or 1 tds a | ast pat h)andigatasgepiOhi s pat h as
9. Else select next path fromtpdist and go to step 3
10. Assign the path found 8YSTEM

Data structures

For storing graph used in algorithrdjacencylist will be used. Every node (station) has a link to

its neighbors, so we have description of the full factory layerdm the otheside each route
segment has a link to its start and end stations, so, the factory layout graph is stored as an arr
of nodes (stations), array of arcs (segments) and dmeeacylist (each station has an array of
segments it belongs, so it has a @énhear stations)Adjacencymatrix may be used in case of
performance problem with the |ist. Now t he
looks like there are more than 50% of the nodes have single incoming arc and single outgoin
arc, sothe matrix will be strongly rarefieddoreover,® j ect r epr esentati on
way for manipulating graphso it will be easier tonplementalgorithms

Error conditions handling
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In case ofSYSTEM breakdownthe system will find all th&YSTEM s that using the segment
where breakdown occurs and stops them on the nearest station. Then the system wilt try to re
plan paths of th&YSTEM s from the stop potrto goal point. The order of the-pdanningi

from thenearesto breakdown to the fdrte s t . I f ther ed SYSTEM willbe er n
stopped until brokelSYSTEM will be taken off from the segmenuring the breakdown
segment 6s |l ength is changing to infinity ni

SYSTEM wilbemov ed off the path, the segmentods | e
If someSYSTEMG6s were moving to | onge fplanptteir gaths to t
redirect them to more optimal patBynamic path relanning will be impleranted usig
Dijkstra algorithm.

The sequence of steps in case of error condition will look like this:

1. Define segment when error occurred

2. Mark all segmerd from breakdown backward to nearest crosamipcked

3. Create list oSYSTEMSs thatlocated on these segments

4. Stop thes&YSTEMs.

5. For eact SYSTEM in list starting from the nearest to breakdown

6. Modify the SYSTEMO s action | i st to move SYSTEMs ¢
and stop. Mark the segmeprecedingo breakdown segment as locked.

7. Start theSYSTEM

8. If SYSTEM list is not empty move to step 5

9. For eactSYSTEM located before locked pastarting from the nearest todakdown
10.Find alternative path to goal point using Dijksakorithm and static weights of the

segments
11.If the path found, recalculate velbcprofile for theSYSTEM and go to stef0
12.Else modify theSsYSTEMO s acti on | i st to moveSYETEMa s

and stopMark the segment preceding to breakdown segment as locked.
13.Start theSYSTEM
14.1f SYSTEM list is not empty move tetep9

The sequence of steps when broBfSTEMtaken off from the segment

Create list oSYSTEMs that may use this segment

For eactSYSTEMclosest to the segment

Find path that is more short than current

If path found calculate velocity profile

If the path still has smaller weight reassgiSTEMto this path
Else let thesYSTEMstay on previous path.

ouahwnE

Requirement to recalculation algorithm: total recalculation time forSY®TEM must be less
than 0,5 seconds.

Task assignmentalgorithm
Whenthesystem gets a taskshould execute the following sequence of actions

1. Create a list o6YSTEMSs which are not carrying any load and not going for charging.
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2. For all freeSYSTEMs find the closes8YSTEM for executing the taslkirst try to find

ifthe g tuati on 1 s A st an dgenedatethe (rquie esing Mjpstrat e d )

algorithm

Then velocity profilefor the SYSTEMthathas the shortéstatic routds generated.

The shortest route is selected fromralites found on step 2

If generated rote (with velocity profile) is still the shortest then tRESTEM is selected

for task execution

Else select the shortest route without velocity profile and go to step 3

SYSTEM assigned to the path that have been generated then starts moving

If during theSYSTEMO moving anotheBYSTEM becomes free (and it does not needed

to be charged), the systetalculates if it is closer to task point thearrently assigned

SYSTEM

9. If yes,the path fonewSYSTEM generatedwith velocity profile generation).

10.1f this path is shodrthancurrentlySYSTEM has, the task is assigned to "eXSTEM

11.PreviousSYSTEM becomes free and goes to parking point (or can be assigned to
another task)

ok ow

© N

So, it is proposed to use exact Dijksalgorithmfor computing the shortest paéimd a nurber
expert rules for collision and error conditions resolving.

Radio Interface Module

Module responsible for communication with radio subsystem. This module is responsible for
support of constant stream of information to be sent and receiveglthsi radio interfaces. Will
notify the core system module when completing tasks for sending messages. It will be
programmed to scan the condition of the main modules of the system automatically (if has nc
first priority tasks for execution). This moduke responsible for reducing waiting time and all
radio interface activity.

List of Requirements

1. Communication errors handling
2. Isolation from lowlevel interface (R32 or others)
3. Make status poll automatically

Architectural Overview

The module can be di¥ed to two partsa Radio Receiver Client and Radio Module Event
handler.TheRadio Receiver Client instances located on communication hosts, there can be up tc
four Radio Receiver Client instances (according to old system specificattmiRadio Modué

Event Handler is designed as core pin@nd resides on host where System Core located.

The Radio Receiver Client J u st A CIl i ejusttséndsfandoreneivasearrags of bytes. It
Aknowso how to sendSYSEMMaemts oftcommpuatng pratoaol a r
used.Each instance of the Client has a lisSSM¥STEMSs it controlsEachSYSTEMin list has a
command queudf there are no commands come from System Core, the Client)¢83EMs
automaticallyby generating a command and putting itoicommand queue for particular
SYSTEM and sends received status reports to the Core. All instances of the Client use ong
(common) message queue to sewednts to the System Core. Each Client instance use its own
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message queue to get byte array to senah fitte Core All byte arrays are sent via RE32
interface. When a message arrives, the Client creates message and puts it to M&MQ.
message contains encoded byte array

The Radio Module Event Handler, from the other side, receives messages from rah, Clie
decodes them and updates factory layout accorditigesiatus received. It also contains a list of
radio Clients and information about whi&YSTEMis connected to each Radio Module Client.

If another module startSYSTEM (e.g. SYSTEM can be startedrom Operator Interface) or
changes its status, it notifies the Core by creating event and putting it to MSMQ. Radio Module
Event Handler gets the notification and generates commar8¥®TEM Then this command is

Afwrappedd into meiensmaegsege Queat. put to the Cl
Ewert handler warks
ith Factary Layout
gjhjectamngnregde, —ystem Care \

encodes commands
for AG and decodes
AGYW s responces

Pathfinding
Swstem

Fadio hlodule
Ewerit Handler

E 3
Factory Lawout
Recaived
L
Thiz software sends heszage
comimands to AG
and receives
an=w ers from it. Eﬂu‘tg-:-ung Ewent
= h essage
Cliert "know =" how to Dizpatcher
locgte particular AGYW
and send the )
[T command to it E T 4
Recziw
F@@E
Custgaing

age=t
Radio Recsiver hcoming
Client s508

S Incoming

Microzot
Message Gusue

Encoded Command I:I:ﬁ}

Fadio Reciewer Host

Commands

Encoded messages
are sent to MSMQ 1o
Systern Core

Commands (ke
sequences] are send
wig adio interface

Class Name
RadioReceiver

Description
Class responsible for sending and receiving information via
channel. It works with hardwarelThere can be up to fo
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RadioReceiver instances to service up to four radios.
MessageTranslato Class translates messages from object representation tg
arrays.
RadioHandler Plugin class that handles events coming from RadioReceive
sends commands 8YSTEM via the same RadioReceiver.

Class and Interface description

Only public method and properties will be described. Classes that implement base interfaces (or
extend base classes) will not be described unless they have some specific properties or method:

RadioReceive€lass

Method Name Description
SendBytes() Sends byte array tapicularSYSTEM
ReceiveBytes() Receives byte array from radio interface

MessageTranslat@lass

Method Name Description
TranslateOrder() Translates order f{@YSTEM to byte array
TranslateEvent() Translates incoming byte arrays to system events

MessageTranslator Class
This class implements leventHandler interfacetheir descriptions are the same

Rockwell Press System Interface Module

According to documentation Rockwell Press System should be queried via sockets. When it i
needed to start pge job, QueryData() method of class RockwellDS is called from the core, then
queryPress() method is called. This method generates query message, send it to press a
receives an answer. Then results are returned as a result of QueryData() method execution.
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Fochwell Press

Ewert Hardler
Interacts with factory
layout to star AG ~—Syetem Core -.\
micing
Pathinding
Fadandl Press Syetem
Cortral Swetem
Bwert Hander Ewerit Handler
queries PrirtJew Sereer
to receive needed information 1 -
i Factory Lawout
Receivwed
hiez=age ]
Ewertt
4| Dispaticher
A ! ~
Racaiuwe
seages—— | Press Opergtor
FRINTVIEW Intertace
PC-Based k=3
Server
Press Opergar .
Conzole gererates Ewents ,ﬁ‘“‘*«.\ h'x",-"ng
bttt Fre - "
EQETE ut Press \-\b/
Microsoft
hMeszage CQueus
Class Name Description
RockwellPress Class that represents press to be queried. Each press has
two instances of RockwellServer clasgrimary and backup.
RockwellServer This class contains information about servers: IP address, I
etc
RockwellMessage This class represents message to be send (and received) |
from) rockwell server.

Inventory System Module

Inventory system object model contains of classes represented in factory layout model. All thes
classes will be mapped boverntory Data Model described in corresponding document.
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mentony Opeator Application can be

Inventol ) )
Coabist e B vy e o
mentony Changes
] Core also interacts with Applicaion
using hiShIl
I,d.—S‘g.n*stnan'u Care -,
1
Signals Pathfindng
comes 'i'-:im E;T':;g Syetem
extema P entory 5
e o T
barzode readers, ]
=118 I
1
Ewerits fom and to Dtgoing -
operator nterice hiezzages Irrergory® Factory Lawou
{ to heentony
#plication Reaczivwed
Sensor Meszage '
Microsot
Message Cuele
et
hmnin;;;@ Fecai - Dispatcher
aquesh - -
Class Name Entity Name
Press Presses
Reel Reels
Roll Rolls, Roll_Categories, Roll_Qualitie
Manufacturers, Paper_Colors
Link between Reel and Roll Roll_On_Reels
Pallet Pallets, Pallet status,Statuses, Advertiser
Rack_Locations
Insert Inserts

Print Subsystem Module

Inventory system object model contains of classes represented in factory layout model. All these
classes will be mapped to Inventory Data Model described in corresponding dbcume

Class Name Entity Name

PressJob Contains the information about rolls needed
press job

PressJoblinfo Contains the RedRoll information about how
many rolls needed on which press reel.

Roll Contains the information about press rolls

Pallet Class represents pallets in the system. Pallets
used in press job.

Insert Each pallet contains a number of inserts. 1
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Class Name Entity Name

class represent one insert instance

Press Class represent press in factory

Reel This class represents reels on press.

PressJob Cortains the information about rolls needed
press job

PressJoblinfo Contains the RedRoll information about how
many rolls needed on which press reel.

Roll Contains the information about press rolls

Pallet Class represents pallets in the system. Ratiee
used in press job.
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UML Diagrams
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Radio Interface

OrderFactory generates orders,
assigns them to AGVs and call
SendMociule for sending

o
a
a

a

{5 OrderFactory
paths @ Path

sender ; SendMocule
start @ [Station

goal ; [Station

@ generateAGVOrder ()
@ getOrderQuele ()

@ setGoal ()

@ setStart )

wLigen

Translates ohiject
messages to byte arrays

(2 MessageTranslator

@ translateCrcer ()
@ translateEvent () 4

-mt

LS8

- PrderQueus

[= B = R = |

&
L

{5 Order
path : Path
HIGH_PRIOCRITY . int
MORMAL PRIORITY :int
LOW _PRIORITY : int
agy . AGY
actions : Action
setAGY ()

@ getiagy ()
@ getPath ()
@ getictions ()
@ addaction ()

Confidential
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RadioReceiver works
with hardware

interface, sends orcers

to AGYs and receives
events from them,
translate and put

events to EventQueue

Sends and receives
messages from MSMO) on
System Core Host

{3 RadioReceiver

{3 RadioHandler

@ sencBytes ()

@ getDescription ()
@ getEventType ()
@ handleEvent ()

@ registerFactory ()

Orders are sent to
SendMocule for
sending to AGY

200

@ receiveBytes [ )
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Rockwell Press System Interface

{2 RockwellDS

@ queryData ()
@ insertData ()
@ updateData ()
@ deleteData ()
@ queryPress ()

wlisen (2 RockwellServer
* -primary | © IP: Inet4Address
~Hresses o hostMame ; String

-bagup | o ServiceMame @ String
o portbumber ;int
1 @ sencdMessage ()
@ receiveMessage [ )

{3 RockwellPress

D SR

{2 RockwellMessage
o messagelength : byte
o messageData : byte
o messageBocly | byte
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Print Subsystem

o o o g

o o o o

o

(= Pallet
aclvertiser : String
number ; int
Lsername ; string
shpmentld @ int

1-lmcation

(3 Station
segments ; Segment
id : String
agy - AGY
status @ String
load : ICarryabkle

@ getStatus ()

@ setStatus ()

@ getSegments ()
@ gethoy ()

@ getld ()

@ getload ()

@ setlLoacl )

() Reel

o il ¢ int

(3 Insert

o [umberCfPages @ int
o description ; String
-inserteé stocl: : Stiing

{3) Press
o id :int
o name : String

1
- ress
1 - [press

- reels
1

- reel

o name : String

Confidential
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- roll

- jobld
1
(=) PressJob
@ generateRollRequest ()
*
- jobInfo
(3 PressJobInfo

o rollsToDeliver @ int

1- 100 Type

{3 Roll

harcode ; String

diameter : double
manufacturer @ String

color @ String

Jposition ; String

offset : String

category | String

quality : Strirng
expirationDiameter ; double
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User Interface

The interface of the neYSTEM C system will utilize all the features of rich windows
interface: dropdown lists with spellchecking, draanddrop mechanism, customizable toolbars,
hot keys, etc. Supposed that there will be map representation of system status, and user will g
status of any object on the ma&pY(STEM, Station, Press) just by clicking on &tatus of each
object will also behighlightedby color for easier information perceptioBut from the other

hand there will be a set of keyboardtimized forms for quick and mass input of data.

Some forms will reproduce old console forms (user vatllve needed to restudy), but even these
forms will utilize all Windows Ul features.

This application wil/l us e DOffcraloGuieldirte® for (Uaec c o f
I nterface Dev el owndowsnanagerdenthedeli ltogwill e nsadindow with

menu bar and toolbars and a number of independent windowsc#mtbe managed
independentlyEach window will have its own button on windows taskbar

Zyrkem  rmenkyy Fress Ssoudp Help
Pl H xR
Pl @ &= @

Factory bp [8]i=1]ES]

o
= =T

-
al

OtaReccned OIS BFI1011 BB2D 35 1E FF B2

Eeyssbdh:  AUTO Lioaded: Yes Baltery: O Distano DO00d 2%
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Menu structure was developed according to business process description and formswiillmenu
be developed to help users to do their routine operations more efficiently.

User interface will interact witlthe SYSTEM via Events to isolate interface implementation
from system. The main reason to do this is isolation of Ul implementation $ymtem
implementation. It gives us an ability to use hardware terminals or Ul implemented under
different OS.
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User Interface Forms

System Overview Form

This form represents system status in old, taide/ form. By clicking onSYSTEM or Move
Order contet-depended actions (e.&YSTEM disabling or Move Order removal) can be
executed

System Overviesr EE|E|

55N Mo Skation estinat ion Skabus Adion 2t o L o=

Mo v Crdsre Gusus

o

Dlabk
Dek e
Rearsgn
Froperles
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Map Form

This represents system status in mgpe form.SYSTEM status is represented by color (giay
moving to load, blué loaded, red down).If SYSTEM s selectd its route ishighlightedon
factory map. Among properties the form gives the ability to exea@dBonsfor each object via
context menu. For example, rigtlicking on SYSTEM we will get following list of possible
actions:

Enable

Disable

Remove from pdt

Go to charger

View status

View move orders

oA WNE

ﬁi o 4 3 _
Axslgn Task S PRESSS

—
-| Froper les e
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SYSTEM Status Dialog

This dialog showsSYSTEM status and gives the ability to change the status for the privileged
person.

Marre: A 1

Skatus: |Eneb|ed ] Charging: Mo

Action: Ready Current: 000000
Mo ac Tatal: 00:00:00

Mowe # 920 Pick: 122 Drop: 882 Park: 011

Pick: 123 Lewel: 1 Drop: 882 Lewel: 1 Padk: 011

Ricurte

Last station: 116 Bl ocking &3 1]

Qurrent station : 117 Push Station : 225

Qutrent Destin ation ! 156 Cornrm, retres: a

Goal station: 011 oM, Brrors | i

Stakions: NS R NN RGN N N N e

[rata Received: 01 1A BF1011 BB20 2C 1E FF E4

Keyswitch: AT Loaded: Yes Batteny; Ok Distance: 000125

Save ] | Jaze
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Setup SYSTEM Path Toolbar

This purpose of this toolbar is to defi®&STEMS pick, drop and park location. The toolbar
will be shown on the top of the map form and user will be able to S¥KTEMand stations.

Factory Map

- AGV lagva 1 * Park Location
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Station Setup Dialog

This dialogshowsStationstatusand propertieand gives the ability to change the staiusome
propertiedor the privileged person.

Station Setup - Station 557 =T

Marne: 557 Defaul map: 1

Status: Enabled w | Meszesary 1

Lo aded: YES Stop: YES '
AEY at S ation: 2 Mowes Cueued 11

Fick [Jrop w Park
COB Tables Setup
Station 102 | Station 103 | PRick

Locked?
CAL Table Mo Madifier Drescription
2 g0 Go Forweard 500 cm
2
25
2 30

Save Claze
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Station Setup Form
TheStation Setuform is usediuring systenmaintainsto change station properties.

Station Setup - Station 557

S (=1ET

Ctation I A Marne: Default map: 1
=56 Sk atus: Enabled | Messesany 1
§57 Loaded YES =4 WES
=101 padedi oR :I“'
Si4 Ak ak Sration: E] Mowes Queusd: 11
] Pick: | | Drop | ] Park
COB Table=s Setup
Sration 102 | Station 103 | Pick
CAL Table Mo odifier Descrption
z Ean G Forward 500
Meighbor S ations Locked = i il
10z =l —
10z
| z 30
Siyzhern Status: AT
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Move Orders Queue Form

This form shows the move orders queue with possibilit§irtd, filter, sort and delete move
orders.All Windows Ul features will be enabled: sorting by any column, moving columns using
mouse and select columns to show.

Move Orders Queue

[ el Pick-L%WL Crop - AL Receivad Dispatch Fic ked

Siyztern Status: AT
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