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Glossary
Term Definition
AP Application Program Interface, specifies the visible interface of a
given software element.
Enterprise Information Systems. General category of systems
EIS including ERP, MES and other information systems used in the
enterprise.
ERP Enterprise Resource Planning.
”Fiche Accompagnement”, created by PSA MES system,
FAC identifies the parts to be built in the kitting zone in the form of a
kit.
HTML HyperText Markup Language.
HTTP Hypertext Transfer Protocol.
JavaScript Object Notation, syntax for describing data objects in
JSON the java script language. It is the most popular data format for

supporting RESTfull web services.

Kitting Order

Instruction to build a single Kit (a kitting order is built from the
FAC object generated by PSA EIS systems; the FAC — “fiche
d’accompagnement” - corresponds to the printed paper given to
the kitting operator telling him what to do in order to build a kit).

Type of packaging mainly used for material handling of large

Large box items/goods. Large box containers are usually handled by
forklifts.
MES Management Execution System.
Rack Furniture element in a kitting area, containing small boxes.

RESTfull Web-Service

Specific type of web-service implemented through the HTTP
protocol and following the POST-GET-PUT-DELETE model.

Robot

Machine that is doing the work in the kitting zone, i.e., building
a given kit (a single robot includes several distinguished
elements responsible for navigation, manipulation, inspection,
etc.).

Robot Mission

Identification of the skills that the robot will use to fulfil one or
two Kitting Orders.

Primitive based description of compliant robot motions (action

Robot Skill primitives), described as simple, atomic movements that can be
combined to form a task.
ROS Robot Operating System.
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Box-type packaging used for material handling of small
Small box items/goods. Small boxes are usually stored in specific Kanban
racks.
i Maximal time to realize a mission or an assembly task (in this
Takt Time . . . .
case maximum time to provide a kit).
UML Unified Modelling Language.
Software system designed to support interoperable machine-to-
Web-Service machine interaction over a network (World Wide Web
Consortium — W3C definition). A Web-Service has a specific
interface, described in the XML and WSDL languages.
Extensible Markup Language, syntax for describing structured
XML :
data vocabularies.
XSD XML Schema Definition.
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1 Introduction

1.1 Scope and Objectives

This deliverable is the third result of Task 4.2 “Logistics Planning and EIS Integration with ERP
systems and related sub-systems”. The main objective of this task is to provide integration
mechanisms between STAMINA system and the Enterprise information Systems (EIS), including
the conversion logic with the higher level ERP planning definitions. The integration mechanisms
are designed by following a service-oriented architecture style and by considering the type of
information commonly available by EIS in general and by PSA EIS in particular.

This deliverable aims to specify the activities performed by STAMINA Logistic Planner component
and reports its current stage of development.

Two other deliverables are related with this one in the following aspects:

e Deliverable D4.1.1 “Specification of SOA for robot fleets”, version 1.2, 31-05-2015, specifies
the service-oriented architecture of STAMINA, providing the details of all the services and
interfaces.

e Deliverable D4.2.2 “Interface with ERP systems, version 1.0, 30-09-2015, written at the same
time as this report, describes the kitting processes at PSA and the integration services and
interfaces with EIS elements (ERP, MES, ...). As this report is confidential but provides the
most updated version of STAMINA (WP4) high level system architecture, a copy of this section
is also included in this report.

1.2 Document organization

Following this introductory chapter, the document is organized as follows:

e Chapter 2 — description of STAMINA high-level system architecture, according to the present
state of the project. The major STAMINA components (excluding the robot specific modules
and algorithms) are identified in terms of functionality together with their key dependencies.
This section is also present in Deliverable D4.2.2.

e Chapter 3 — description of the Logistic Planner component - logistic world model and order
manager, including the planning of missions — and overview of its current software
implementation.

1.3 References

STAMINA consortium, 2014a. “Deliverable D3.2 Revised report on skill architecture”, version 1.0,
31-05-2015.

STAMINA consortium, 2014b. “Deliverable D4.1.1 Specification of SOA for robot fleets”, version
1.2, 29-04-2015.

STAMINA consortium, 2014c. “Deliverable D4.2.2 Interface with ERP systems”, version 1.0, 30-
09-2015.
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2 STAMINA high level system architecture

2.1 Overview

Figure 1% identifies the components that comprise the STAMINA system and the corresponding
information flow (colours are used to differentiate the two main categories of information
elements). At the bottom level, each STAMINA robot, apart from all the hardware components, is
managed by two ICT elements: a Task Manager and a Skills Manager, which encapsulate and hide
all the details concerning the execution of the actions performed by the robot (see D3.2 “Revised
report on skill architecture™). These two elements operate on top of the robot’s operating system
(ROS), running as ROS Nodes, in the most autonomous way as possible. At the top level, the
Logistic Planner and the Mission Planner have general visibility over the robot fleet. The second
runs also as a ROS node while the Logistic Planner is more appropriately supported by both
Windows or Linux. EIS represent all the external systems integrated into STAMINA (e.g. ERP and

MES).

EIS
(ERP, MES, ...)

Mission
Planner

kitting orders

LI A

Kitting

v

irts

daie

orders world mod

kitting orders ; ¢

Logistic Planner

User Interface
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Order Manager

-2D CAD -object categories  -kitting orders
-2D SLAM bject > -missions
-3D poinl cloud 3D -alerts
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-status & alerts
mission world mode
* task status
|
Robot Robot Robot

Task Manager
Skills Manager

Figure 1 — STAMINA high level system architecture (components and information flow).

! Many relevant STAMINA elements comprising hardware and software components at a lower level that the Skills
Manager are not shown in this high level perspective as they would increase the complexity of the diagram without
adding any value to the goal of this report.
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2.2 Logistic Planner and EIS interface

The Logistic Planner component aims at providing the integration mechanism with EIS elements.
MES, ERP and any other information management systems that could be the source or destination
of data are included in this EIS categorization. Conversion logic with higher level planning
functions defined in ERP or MES type systems is the first main goal of the Logistic Planner. The
semantics and format of data originating in the EIS are converted to a format understandable by the
STAMINA components and, inversely, actions performed by these components are identified and
converted back to a form understandable by the EIS. Thus, the Logistic Planner hides the remaining
STAMINA components from these integration-related issues.

Moreover, the Logistic Planner aims to mediate between the functions performed by the remaining
components in STAMINA, providing them with all the data about the working environment. This
includes the identification of all the physical objects (racks, small boxes, large boxes, conveyors,
kits, parts,) and their three dimensional models. This constitutes the output of the modelling done
by the Kitting Technician (responsible for the kitting zone) in the Logistic Planner and is formally
known as the world model (details in subsections below).

2.3 Mission Planner

The Mission Planner is responsible for generating mission assignments for individual robots in the
fleet. Missions are created based on the status of the robots and the set of upcoming Kitting orders.
In the current version of the architecture, a mission is defined as a goal assignment to a specific
robot for completing a single trip around the kitting zone. As the robot can carry two kitting boxes,
a mission may involve the fulfilment of up to two kitting orders.

The Mission Planner interacts exclusively with the Logistic Planner, which provides details about
the current set of kitting orders to be completed, the state of the robots in the fleet and their
available skills, and information about the robots' operating environment (e.g., the world model).
Missions are constructed using general-purpose automated planning techniques, by invoking a
novel multi-agent planning algorithm. In addition, and as a by-product of the planning approach, a
sequence of the skills a robot needs to execute for achieving each mission is also generated. Once
generated, the set of mission assignments and skill sequences is returned to the Logistic Planner for
delivery to individual robots in the fleet.

2.4 Task Manager and Skills Manager

Each robot in the fleet has an on-board Task Manager and Skills Manager. A Task Manager
interacts with both the Logistic Planner and the Skills Manager. The Task Manager receives
Mission assignments from the Logistic Planner, calls for the execution of skills (by the Skill
Manager), and keeps track of the robot's progress on its mission. This progress is sent as updates to
the Logistic Planner and used to invoke the Task Planner should re-planning be required.

Inside the Task Manager, a Task Planner provides automated planning services at the individual
robot level, should further planning be required to fulfil a mission. For example, if the robot finds
that its currently assigned sequence of skills is not applicable in the current environment, the Task
Planner will be invoked to perform re-planning and find an alternative method of reaching the end
goal of the mission (fulfilling one or two kitting orders). The Task Planner only interacts with the
Task Manager and is invoked any time there is no conflict-free sequence of skills ready to achieve
the robot's current mission.
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The Skill Manager performs and monitors the execution of skills on the robot. In particular, skills
requested by the Task Manager are executed by the Skill Manager by accessing the robot's skill
database and associated world model. Precondition checks are performed to ensure that the
conditions necessary for carrying out the requested skill have been satisfied, and post-condition
checks verify whether the requested skill achieved its desired outcome successfully. The results of
these checks are reported to the Task Manager, which can trigger re-planning from the Task Planner
should a failure occur, or request the execution of the next skill if successful, or request help from
the operator in case no skill sequence can be found.

2.5 Services

The task of dispatching a list of kitting orders (or list of FACs) created by the external EIS systems
is a major goal of STAMINA. This involves the creation of a mission, its assignment to a given
robot in the fleet, the planning of the skill sequences that are required to achieve a given mission
and the execution of the plan by the robot by translating skills into low-level actions. These major
functions are described and accessible in the form of services and constitute the runtime services
of STAMINA.

Runtime actions are executed by different STAMINA components and they may (and generally do)
require setup actions so that their runtime behaviour is as independent as possible from supporting
information. Setup services are defined to implement this need.

The integration services with PSA EIS are available both as setup and runtime services.
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3 Logistic Planner

3.1 Purpose and key functions

The Logistic Planner element aims at providing the integration mechanism with EIS elements.
MES, ERP and any other information management systems that could be the source or destination
of data are included in this EIS categorization. Conversion logic with higher level planning
functions defined in ERP or MES type of systems is the first main goal of the Logistic Planner. The
semantics and format of data originating in the EIS are converted to a format understandable by the
STAMINA components and, inversely, actions performed by these components are identified and
converted back to a form understandable by the EIS. Thus, the Logistic Planner hides the remaining
STAMINA components from these integration-related issues.

Moreover, the Logistic Planner aims to mediate between the functions performed by the remaining
components in STAMINA (the Mission Planner, and, on each robot, the Task Manager and the
Skills Manager), providing them with all the data about the working environment. This includes the
identification of all the physical objects (racks, small boxes, large boxes, conveyors, kits, parts,) and
their three dimensional models. This constitutes the output of the modelling done by the Kitting
Technician (responsible for the kitting zone) in the Logistic Planner and is formally known as the
world model.

In this context, the Logistic Planner controls and monitors the higher level functions of STAMINA:

e the creation of Missions and Tasks,
o the assignment of Tasks and Skills to the robot team, and
¢ the consequent execution and control,

taking the major information inputs from PSA EIS and notifying it of exceptional events in
STAMINA.

Information about the following key items is kept within the Logistic Planner:

Parts (code references, description, ...);

Packaging structure;

Kit structure (cells, parts to place in each cell);

Furniture structure in the kitting zone (shelves, levels, cells within each level);

Implantation structure (for empty kits, full kits, large boxes, small boxes, parts and packaging
elements) and CAD maps;

e Missions and Tasks (planned, active, finished);

e Abstract skills.

3.2 High level system architecture and information flow

Figure 1 identifies the components that comprise the STAMINA system and the corresponding
information flow (colours are used to differentiate the two main categories of information
elements). At the bottom level, each STAMINA robot, apart from all the hardware components, is
managed by two ICT elements: a Task Manager and a Skills Manager, which encapsulate and hide
all the details concerning the execution of the actions performed by the robot (see D3.2 “Revised
report on skill architecture™). These two elements operate on top of the robot’s operating system
(ROS), running as ROS Nodes, in the most autonomous way as possible. At the top level, the

Page 11 of 36



610917 — STAMINA Dissemination level: PU

Logistic Planner and the Mission Planner have general visibility over the robot fleet. The second
runs also as a ROS node while the Logistic Planner is more appropriately supported by both
Windows or Linux. EIS represent all the external systems integrated into STAMINA (e.g. ERP and
MES). A detailed description of the high level system architecture is available on Deliverable
D4.2.2.

Internally, the Logistic Planner comprises the following elements (see Figure 1):

e Logistic World Model - Data model specifying which physical objects (parts, racks, boxes,
conveyors, and Kits) are available in the physical environment (i.e. the kitting area), what are
their relationships (e.g. which parts are in a given box) and their three-dimensional locations.
The world model is initially built by the Kitting Technician on the World Model Editor and later
on provided to the remaining STAMINA elements, Mission Planner, Task Manager and Skills
Manager.

e Order Manager — Element responsible for managing the lifecycle of kitting orders: creation,
planning, assignment, execution and monitoring.

e User Interface — Element through which the Kitting Technician interacts with the Logistic
Planner allowing him to build and maintain the initial world model and to monitor the lifecycle
of kitting orders. It comprises the World Model Editor and the Runtime Monitor.

The key information flowing in and out of the Logistic Planner support the following activities:

e EIS supplies initial data about parts, their packaging and Kitting zone structure (object
categories). This information is used by the Kitting Technician to build a model of the physical
environment (world model). Skills from each available robot are retrieved and added to the
model. These actions constitute the setup phase.

e During runtime, EIS injects FAC objects and/or kitting orders into the Logistic Planner. This
may happen 15 to 20 minutes before the corresponding vehicles enter the assembly line.
Subsequently, this is submitted to the Mission Planner together with the actual world model and
robot missions are thereafter defined and kept in the Logistic Planner. A Mission is created for
each one or two kitting order (depending on the robot skills).

e Missions are then sent to the Task Manager of the corresponding robots in concert with the
world model. For each mission, the Task Manager specifies a task plan while interacting with the
local Skill Managers. Tasks are subsequently executed and notifications sent to Logistic Planner
to allow it to monitor the execution of Mission / Tasks. Update notifications allow the Logistic
Model to keep the world model in sync. In this context, the major events in the execution of the
plan are transmitted to EIS so as to allow them to follow the activities pursued in the kitting zone
with special attention to abnormal/exceptional events (alerts).

3.3 Logistic World Model

3.3.1 Introduction

A crucial function of the Logistic Planner is to act as the major information provider for the high-
level planning and execution elements in STAMINA: the Mission Planner at the highest level and
the Task Manager and Skills Manager elements on each robot. The type of information
communicated among these components mainly concerns the physical objects that are located in the
kitting zone, namely major objects including: racks, small boxes, large boxes, conveyors, Kits, parts
and packaging elements. For each object, its characteristics (e.g., internal organization, geometry
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and spatial location) are modelled in the Logistic Planner so as to provide this information to the
above planning and execution elements. Modelling of these elements is accomplished in two
phases: first, the representation of these objects are gathered from the external EIS system (see
Deliverable 4.2.1) in a two dimensional format; second, a third dimension (the height) is added to
provide a spatial representation of all physical objects in the Kkitting zone; finally, actual instances of
objects are created and located in the space occupied by the Kitting zone. This information model is
defined as the world model and is provided to the Mission Planner and Task Manager elements
when needed.

At the present stage of development (i.e. at the completion of the second test sprint), the world
model is provided by the Logistic Planner to the Mission Planner and Task Manager in a single
direction. However and as planned, the world model, as a “rough” approximation of reality, will
have to consider the actions made by the robot fleet, taking into account the “things” they detect in
the Kitting zone, their real locations and the results of their normal behaviour (e.g., picking parts
from a small box). This will involve updating the world model and ensuring its consistency in the
working environment. Additional research concentrates on this aspect of the work.

3.3.2 Conceptual representation

The world model specifies the position, orientation and dimension of all physical objects available
in space and their relationship to other objects. This is accomplished through an inverted
hierarchical graph where a node represents a physical object and the link between two nodes
represents a containment relationship between the two corresponding physical objects. Figure 2
depicts the organization of the world model and the types of nodes it may contain. In the
containment relationship between any two nodes its cardinality is identified (by definition one
object is contained in one instance of another object, its “parent”; inversely, any object may have
more than one instance of another given object, known as its “children”).

Each node in the graph has the following common attributes:
e an identifier, for its unique identification in the graph;
e aname, specifying the type of physical object represented by the node;

e a bounding volume, specifying the 3D volume of the represented physical object and its
location in the kitting zone (relative to the location of its container object);

Additionally, certain nodes in the graph may have specific properties, defining specific aspects of
the represented object.

By definition, the node on the top of the hierarchy is the root node and represents the entire space
(i.e., the kitting zone).

At the top level, the model specifies a kitting region as a delimited space in the kitting zone that
has a specific purpose. By definition, a region may be decomposed in several regions, each one
addressing a more specific and restricted purpose. Even though several levels of decomposition can
be achieved, two levels of description are enough to model the space at hand. Thus, the entire
kitting region is modelled as being comprised of container regions (regions containing racks, large
boxes and conveyors) and navigation regions, modelling the space where the robot fleet navigates.
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Root Region

0.* 0.*
Container Region Mavigation Region
0.* 0.* 0.*
LargeBox EmptyKits
partReference Conveyor
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Docking Docking
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skillPDDL
parameterNames
0.* parameteryalues

a.* 0.*

Compartment
partReference
nrParts

1 " 1
SmallBox
z::::lng partReference z:lc::lng
on nrParts ation

Figure 2 — World Model: conceptual representation.

The remaining nodes in the graph are used to model the following types of elements:

e Kit (i.e., kitting box) - box with compartments, where each compartment may have N instances
of a given part. The compartment node specifies two specific properties: partReference and
nrParts.

e Largebox - box organized in layers (levels) where each level can be organized in cells
(compartments). Each cell may have N instances of a given part. Two specific properties are
specified in this representation: partReference under the largebox node and nrParts under the
cell node.

e Smallbox - box having N instances of a given part. Smallboxes are available inside a cell within
a rack and contain N instances of a given part. Two specific properties are specified in this
representation: partReference and nrParts under the smallbox node.

e Rack - object organized in levels and having cells on each level. Each cell may have one
smallbox of a given type.

e Conveyor — equipment for keeping kits (empty and/or full kits) and allowing them to be moved
in/out of a robot.

e Docking Station — proposed location for parking the robot and let him accomplish manipulation
actions on the corresponding objects.
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Parts are not represented as nodes in order to avoid excessive information in the graph. For
example, a large box containing 20 Parts in each of their four levels would require the graph to have
80 nodes for representing each Part. Also, 3D models of the Part, even though available on the
world model, are provided to the interested parties through specific transaction separately from the
world model.

Bounding volume and transformation nodes

The world model aims to represent the 3D volume occupied by each and every object in the Kitting
zone. This is defined as its bounding volume. Most of the objects considered have parallelepiped
geometry. The case of kitting boxes is the most complex case as they may have compartments with
more complex geometries. In order to have a common volume specification, a 2D closed polyline
extruded by height units along the z-axis (see Figure 3) is used to model any physical object in the
kitting zone.

The definition of the 2D closed polyline is done in a local coordinate system, whose origin (0,0,0) is
the centre point of the closed polyline. The origin of the local coordinate system is related to the
origin of the parent’s coordinate system (the exception is the root node that, by definition, does not
have parent). A 3D vector specifies this translation. Additionally, the local coordinate system may
suffer a rotation relative to the parent’s coordinate system. A tuple specifying three rotations (roll,
pitch and yaw) is used for this purpose. The default value for these two transformation vectors is
(0,0,0). The points that define the polyline are defined in the clockwise direction (Po, P1, etc.).

Coordinate I
system Bounding
of . Fotation V:}I‘:rr‘ne
paren roll,pitch,yaw
node l: P yaw) node
(0,0,0)
M /
translation ¥ Local
{dx,dy,dz) coordinate
) system
of node
height
T
_ ®
P, ®

2D polyline {Pp,Py,....P,)
Figure 3 — World Model: bounding volume.

As some of the physical objects have a front face (e.g., the racks and large boxes) or a top face (e.g.,
the small boxes), by convention, the front face of every physical object is defined as the outer face
obtained by extruding the first two points in the polyline (Po and P4, in Figure 3).

Most of the nodes in the graph represent space in the form of a given volume. Any two volumes
may be related by a translation vector and by three rotations (roll, pitch and yaw). The model allows
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a given volume to be empty (i.e. its closed polyline is not defined) so that in fact the node does not
represent any physical object but is merely used to accomplish a transformation between any other
nodes.

3.3.3 Concrete representation

The data format of the world model is specified through the UML class diagram presented below in
Figure 4.

WorldModal
. 1
rootMNode
parent
- Node
id:5tring
name:string
contains
0.*®
children 0.*
1
NodeProperty
BoundingVolume
- name:string
polyLine:Polyline value:String
height:double type:String
1 1
originLocation originOrientation

Location3D Orientation3D

w:dauble ridouble
y:double pdouble
:double y:double

Figure 4 — World Model: concrete representation (UML class diagram).

Each node in the world model has the following attributes:

e parent - identifies the parent node (by definition, the root node has no parent node);
e children - specifies all the children nodes;

e name - identifies the type of physical object represented by the node;

e id - uniquely identifies the physical object;

e nodeProperties - list of specific properties of the represented physical object; each NodeProperty
is modelled as a (hame,value,type) tuple.

e boundingVolume - the 3D volume occupied by the physical object.

Taking the model of a rack as an example, a specific instance of the previous class diagram is
presented in Figure 5. In this particular case, node 1 represents the entire kitting zone, node 2
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represents the entire rack and nodes 3 and 4 the docking station and one level in the rack. This level
is further decomposed into one cell containing a small box and a docking station.

WorldModel

\

1:Node

name:RootRegion
boundingVolume:...

\

2:Node

name:Rack
boundingVolume:...

e~

3:Node 4:Node
name:DockingStation name:Level
boundingVolume:... boundingValume:...
5:Node
name:Cell

boundingvolume:...

e~

6:Node 7:Node
name:DockingStation name:Smallbox
boundingVolume:... boundingWolume:...
partReference:...
nrfarts:...

Figure 5 — World Model: instance with rack and small box (UML object diagram).

3.3.4 Physical objects

The object categories (types of physical objects) defined so far in the Logistic Model are defined in
the UML class diagram of Figure 6 (each object class is represented by a rectangle with a title (e.g.,
PhysicalObjectType) and a set of attributes (e.g. id and objectTypeld); inheritance, composition and
normal associations are represented). The classes are used to represent the types of physical objects
that may be present in a Kitting area for parts, racks, small boxes, large boxes, conveyors, kits and
robots. They are named respectively as PartType, Racktype, SmallboxType, LargeboxType,
ConveyorType, KitConfig and RobotType. All these class objects are subclasses of
PhysicalObjectType thus inheriting all the attributes defined at the PhysicalObjectType level (this
models the common attributes between the classes). Racks and large boxes have an internal
hierarchical structure, supported by the contains relationship at the PhysicalObjectType class:

e a rack is modelled as a physical object having levels and in each level, space regions (cells)
where small boxes are kept;
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e a large box is modelled as a physical object having levels and in each level, space regions (cells)
where single Parts are kept.

In this context, the Location3D class is used to specify the origin location of contained element
relative to its container element as a three-dimensional translation vector.

The KitConfig class models the internal structure of each type of kit that can be built in the kitting
area (cells, nr. or parts per cell, assignment of parts to cells). Even though PSA only has one single
type of kits (only one kit configuration) the Logistic Planner allows one to model more than one
type of kit configuration for other type of EIS.

PhysicalObjectType
-
idt::'smrrjrg Id:Identifi b — o tocation3®
objectlypeld:identifier originLocation
width:double 1 -doubl
depth:double x:dzzhlz
height:double contains v
n:double
i
containedObjects
PartType || RackType || SmallboxType LargeboxType ConveyorType || KitConfig RobotType
weight purpose:String o.*

= kitConfigCells
1

Hierarchy: i KitConfigCell

Hiararchy:
RackType LargeboxType
Level Level kitCellid:Identifier
Cell Cell boundingVolume:BoundingWVolume

0.=
kitCanfigCellParts
I

KitConfigCellPart

partTypald:identifier
guantity:int

Figure 6 — World Model: types of physical objects (UML class diagram).

get<ObjectType=List
get=0ObjectType=
delete<ObjectType=
CsC -
F a - "
Catalogue add<ObjectType> Logistic
des * | Planner
emballages add<ObjectType>List
5 -
<0hject> may be one of;
Part, Rack, Largebox, Smallbox,
Conveyor, KitConfig

(arrows indicate service invocation)

Figure 7 — World Model: EIS integration services for managing types of physical objects.
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Interactions between the Logistic Planner and EIS allow the later to indirectly create these class
objects (see Figure 7). For each type of physical objects, a set of RESTfull web services are
provided by the Logistic Planner. Their invocation by EIS causes the Logistic Planner to create the
corresponding objects in its internal repository. See Deliverable 4.2.2 for a detailed description of
these integration transactions and services.

Figure 8 identifies the UML class diagram of the objects created inside the Logistic Planner and that
represent the corresponding physical objects available in the kitting zone. In other words, for each
physical object available in the kitting zone a corresponding model must be present in the Logistic
Planner. These objects and their relationships comprise the world model and its setup is
accomplished by following the methodology described in a later section of the report.

The classes KittingRegion, Robot, Kit, Rack, Largebox, Smallbox and Conveyor are defined as
subclasses of PhysicalObjectinstance, that is, for each physical object a corresponding one in
maintained. As there is no need to represent individual instances of Parts, the class Part is defined
as a subclass of PhysicalObjectinstanceGroup. In common, these classes have the following
properties, defined by the PhysicalObject class:

e id - Unique identifier of the object, created by the Logistic Planner;

e objectld — the Identifier of the object, generated upon the objectld of the corresponding type of
object;

e objectTypeld — the identifier of the corresponding object type (generated by the Logistic
Planner);

e boundingVolume — the bounding volume of the corresponding physical object;

e specificProperties — a list of specific properties of the object (e.g. partReference on small boxes,
large boxes and Kit cells).

PhysicalObject 0.*
. —— s of type
L7 | @M id:String 1
i abjectld:ldentifier -
o abjectTypeld:String
g boundingVolume:BoundingVolume 1
__ _ < specificProperties:List<NodeProperty> | contains
SpecificProperties; PhysicalObjectType

seguenceNr on Rack/Largebox

orientation on Smallbox 0.*
partReference on Smallbox, Largebox and Kit/Cell containedObjects
nrParts on Smallbox, Largebox/Cell and Kit/Cell

PhysicalObjectinstance PhysicalObjectinstanceGroup

| [ | %

Largebox || Conveyor (| Smallbox || Part

KittingRegion

rackldList:List<String>
largeboxldList:List<String> -

= ~ “‘E
conveyorldList:List<String> N = . 1
' ) m S Hierarchl,:ﬁ“ Hierarchy: Hierarchy:
Kit Rack Largehox Smallbox

0..* Cell Level Level
- cell Cell
skill Smallbox

name:string

skillPDDL:5tring
parameterNames:List<String=
parametersValues:List<String>

Figure 8 — World Model: physical objects (UML class diagram).
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Furthermore, all objects may have a contains relationship, to express the composition of objects in
space (e.g., a rack contains levels, a level contains cells and a cell contains a small box).

For each available robot in the system, the Logistic Planner creates an instance of the Robot class
keeping a list of their skills, after querying the robot for such information. This is accomplished
through the getSkills service (see Figure 9). Deliverable 4.1.1 version 1.2 details the service.

Logistic
Planner

getSkills

Robot Robot Robot

Task Manager
Skills Manager

{arrows indicate service invocation)

Figure 9 — World Model: service for retrieving skills of a robot.

The Logistic Planner’s user interface provides a screen to show the skills as retrieved from each
robot. See Figure 10.

# Dasnboard + = Rt

Robot 1T Skills Actions

Figure 10 — User interface: skills implemented by a robot

3.3.5 Publishing and real-time updating

The world model is dynamically provided to the interested parties (Mission Planner and
TaskManager on each robot) throughout the setWorldModel and getWorldModel (see Figure 11).
The specification of all the physical objects available on the Kitting zone allow the Mission Planner
to define and assign missions to a given robot in the fleet and the Task Manager to execute the tasks
in a mission throughout its Skills Manager.

Actions having a physical effect on the kitting zone (e.g. a Part is taken from a small box) cause the
robot to generate notifications informing the Logistic Planner of changes in the world model. This is
accomplished through the updateWorldModel service. Additionally, this same transaction may be
used by the robot to inform the Logistic Planner of adjustments in the coordinates that specify the
location of any physical object in the kitting zone. By definition, the location and dimensions of
physical objects may not be exact (see next section). The sensors that equip the robot may detect
this discrepancy (e.g. a large box is detected to be 5 centimetres to the right of the position defined

Page 20 of 36



610917 — STAMINA Dissemination level: PU

in the world model). The updateWorldModel transaction should be used to adjust the world model
to the sensed reality.

Logistic setWorldModel Mission
Planner - Planner
get update
World World
Modeal Model
—— t f
Robot ! | Robot Robot

Task Manager
Skills Manager

(arrows indicate service invocation)

Figure 11 — World Model: runtime services.

3.3.6 Setup

This section describes the methodology proposed for constructing the world model, i.e. the steps to
follow in order to model the logistic area. The final goal of this set up is to have a concrete
representation of each physical object present in the kitting area, specifying their characteristics and
their 3D locations. This is achieved in two phases.

In the first set up phase, all types of object types are defined. This is accomplished by interacting
with EIS (see Figure 6 and Figure 7) and the outcome is identification of the following properties
for racks, large and small boxes, conveyors, parts and Kits:

e system identifier;
o textual friendly name;
e width, depth and height of the object’s volume;

e and internal organization in terms of levels and cells within each level (a rack is organized in
levels and each level can have small boxes of a given type; a large box is also organized in levels
and each level organized in cells containing usually an instance of a given part; a kitting box is
organized in compartments to keep parts).

This information can be checked in the Logistic Planner, in its “Type of objects” area (see the
following two examples - Figure 12 and Figure 13 ).
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‘wden 11 Captn I waignt 11 Remave

Figure 12 — User interface: part types.

A Dasht

1]

Largebox id 11 width 11 Depth 11 Height I #Levels |1 Remaove
CAFE0 1000 1200 750 1
00081-3 levels of 20 BOO 1150 730 3
CCFT75-4 levels of 30 1000

16369-4 levels of 20 970

173064 levels of 20 a7 1130 700

CAF75-5 levels of 30 1000

CCFE0-4 levels of 35 1000 1200 900

53396-3 levels of 20 1000 1200 10

", OB BN B N OB B W

CCFE0-4 levels of 42 1000 1200 500

Figure 13 — User interface: large box types.

In the second set up phase, the goal is to identify which objects actually exist in the kitting area,
which type of containment relationship relate some of the objects and where they are located in
space (i.e., where the objects are implanted). This modelling work is done by the user (i.e. the
Kitting Technician) within the Logistic Planner in the following way:

1. A 2D image of the kitting area is provided to the Logistic Planner. Two types of images can be
used:

a. A 2D image created by the robot through its Simultaneous Localization and Mapping
(SLAM) functionality where patterns of dots will visually indicate the technician the
location and orientation of each physical object in the logistic area.

b. A 2D image created by a CAD application also visually specifying the location and
orientation of each object in the logistic area.

In both cases, the location of racks and large boxes is easily deduced and these areas will allow
the user to subsequently position instances of racks and large boxes. However, before going in
that direction, the reference point of the map must be specified, i.e., the point with coordinates
(x,y) equal to (0,0). Also, for the specific case of a SLAM-based image, a horizontal line may be
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specified by selecting two points, allowing the drawing later on to be horizontally aligned in the
user interface. The coordinate system of the robot and of the Logistic Planner Are assumed to be
the same (x increases to the right, y increases to the top). Figure 14 identifies a SLAM-based
image with a reference point in the top left and the two points that define the horizontality of the
image.

M Casnboard + S Setup hap

A setnorgontalbee | © Reset

Figure 14 — User interface: reference point and horizontal line on a SLAM-based image.

2. Having the 2D image horizontally aligned in the screen, the user specifies the area in it that
corresponds to the whole kitting area (root region). Two types of region are subsequently
defined: navigation regions, specifying the navigation areas for the robot fleet, and a set of
container regions specifying the areas where racks and large boxes are located. This is shown in
Figure 15 (with one navigation and two container regions).

i Dashboard » S mplantation of Region
Zoom 100 - FanX 0 A B Pa

Adanewregion = | GiSan @ 0Dome | o Save changes

Figure 15 - User interface: specification of container and navigation regions.

Page 23 of 36



610917 — STAMINA Dissemination level: PU

3. An iterative process now begins where the user, according to the reality, instantiates objects
representing the ones available in the Kitting area (i.e., racks and large boxes) and locates them in

the proper place in the logistic map. Figure 16 shows the implantation of five racks and two large
boxes.

A Dashboard » = Implantation of Elements

| Zzoom | 1.00 T‘T\ Cpanx | 0 T‘T\ | Pany 0

Figure 16 - User interface: implantation of racks and large boxes.

4. The final step in the implantation process, allows the user to specify the following containment
relationships:

e what parts are contained by each small box (see Figure 17);

#% Dashboard « = Implantation of Small baxes

o Croate small box -

v AdoPant | = | 9672050480 ]

- AdaPat | « | 96T1451180 | |

Figure 17 - User interface: association of parts to small boxes.

e what parts are contained by each large box (see Figure 18);

# Dasnboard » == implantation of Large boxes

o Create tange bax «

10 - CAFTS-5 tevels of 30 v 3 AddPan | » | GB0OB40380 L]

1 » CCFE0-4 levels of 35 L 4 AgdPan | = | PETB038HE0 L]

4 k4 63396-3 levels 01 20 v 3 AddPant | - | BSTS656000 L]

Figure 18 - User interface: association of parts to large boxes.
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e and on which rack each small boxes is located (see Figure 19); in this case, small boxes
are located in the proper level of the rack and they can be physically placed as transversal
or longitudinal.

# Dasnboand » = Impantation of Rack

Figure 19 - User interface: association of small boxes to racks.

The following Figure 20 shows a 3D view of the modelling done within the Logistic Planner. Nine
racks and three large boxes (orange colour) comprise the main objects. A small box containing parts
was inserted on the right-most rack and each large box does contain a number of parts.

# Dashboard : = Word Mode

I‘

Figure 20 — User interface: 3D view of the logistic world model.
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3.4 Order Manager

3.4.1 Introduction

The task of dispatching a list of kitting orders (or list of FACs) created by the external EIS systems
is the key driver of STAMINA. This involves the creation of a mission, its assignment to a given
robot in the fleet, the planning of the skill sequences that are required to achieve a given mission
and the execution of the plan by the robot by translating skills into low-level actions. These major
functions are described and accessible in the form of services and constitute the runtime services
of STAMINA. This is achieved by the Order Manager component within the Logistic Planner and a
Runtime Monitor user interface provides real-time information to the Kitting Technician.

3.4.2 FAC and Kitting Orders

As described in previous deliverables (Deliverables 4.2.1 and 4.2.2), a FAC object (“fiche
d’accompagnement’”) corresponds to the printed paper given to the kitting operator telling him what
to do in order to build a kit. The FAC is created by PSA’s EIS 15 to 20 minutes before the
corresponding vehicle enters the assembly line (a FAC is related to only one vehicle). The pool of
FACs is maintained and transmitted to the Logistic Planner in the form of eFAC or Kitting Order
objects. The model of these objects is shown on Figure 21 in the form of a UML class diagram. As
described in Deliverable 4.2.2, the Logistic Planner deals primarily with Kitting Orders. These
objects may be injected directly into the Logistic Planner or may be created following the reception
of eFAC objects. In other words, eFAC objects are transformed into Kitting Order objects in order
to provide a generalization able to be exploited in other types of non PSA EIS.

By definition, a kitting order is an instruction telling the system which kit is to be built and which
parts are to be placed on which cells within the kit. It also specifies the car that will receive the kit.
As such, a kitting order has the following properties (Figure 21):

e id —unique identifier generated by the Logistic Planner;
o kittingOrderld — external Identifier of the order, composed by two fields:
o systemld — system identifier;
o friendlyName — corresponding textual name, to be used on the user interface;

e carSegNumber — sequence number of the car, in the assembly line, related to this Kitting order;
identifies the car that will get the kit after its completion;

e kittingZoneld — Identifier of the kitting zone where the kit is to be built (there can be several
Kitting zones doing the construction of kits that subsequently are transported to the car assembly
line);

e KkitTypeld — Identifier of the type of kit to be built. At PSA, only one type of kit is possible to
build. However, the Logistic Planner supports several types of kits in order to have greater
flexibility for more elaborated Kitting zones;

e Kkitld — Identifier of the kit to be built. Following the design guideline of separating objects
instances from object types, the kitld identifies the kitting box that will be manipulated by the
robot.

e missionld — system identifier of the mission to execute on the robot (see next section for details).
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eFAC KittingOrder
zoneCode:5tring id:5tring
zoneDescription:string kittingQrderld:ldentifier
zonald:int carSegqMumbear:String
lineCode:String > references — i kittingZoneld:ldentifier
hypothesisCode:5tring kitTypeld:ldentifier
hypaothesisDescription:5tring kitld:String
hypothesisid:int missionld:5tring
hypaothesisStateld:int partsToPick
hypothesisTypald:int 0.
hypothesisPerimeterid:int
hypathesisHala:int FacPart
hypothesisOrderld:ing
preparationUeint partReference:5tring statusHistory
dacumentNumberint shortPartReference:String
documentTypeld:int description:5tring currentstatus
barcodeVersionld: int synchronelong:int a.* 0.1 o..*
termporaryCellNumber:String quantity:int
eEacld:-int alcove:String PartToPick Status
creationDate:String platfarm:5tring
afNumber:String ofNumber:5tring partld:ldentifier statusString
luaNumber:String luaMumber:String cellld:|dentifier when:Date
identifiervalue:String identifierValue:String guantity:int

Figure 21 — Order Manager: eFAC and Kitting Order (UML class diagram).

The PartToPick class in the diagram specifies the number of Parts (quantity and partld properties)
to be placed in a given cell (cellld) of the kit. The partsToPick relationship identifies the parts that
should be placed in the kit.

The current status and time history of Kitting Orders are kept in the currentStatus and statusHistory
properties. The status property may assume the following values: not planned, mission planned,
mission started, mission executing, mission ended (successfully/unsuccessfully). More detailed
status may be created in the near term (for the third STAMINA test sprint).

eFAC objects and Kitting Order objects are injected in the Logistic Planner through RESTfull web
services (see Figure 22). These integration services were described in deliverable 4.2.2.
Additionally, the services related with Kitting Orders are used by the user interface of the Logistic
Planner, namely by the Runtime Monitor:

e Figure 23 shows the screen allowing the Kitting Technician to manually import JSON files
containing Kitting Orders objects (thus simulating the creation of a pool of Kitting Orders).

e Figure 24 shows the history status (including the current status) of a kitting order.
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getFaclistToProcess

Y

deleteFac

getKittingOrderList

A

getKittingOrder

A

FAKIR

. updateKittingOrder
Logistic >

Planner deleteKittingOrder

addKittingOrder

addKittingOrderList

addFachlert

addKittingOrderAlert ANDON

-
i

(arrows indicate service invocation)

Figure 22 — Order Manager: EIS integration services.

4 Dashboard » = Kitting Orders

Escolher ficheiro | Nenhum ficheiro selecionado & Upload JSON
& Open 55 I
. - - = =
@'\__,‘"l , « eclipse » wspace-for-stamina » logplanner » data » JSON - | 3 | | Search JSON 0 |
Crganize = Mew folder
¢ Favorites Mame Date modified Type Size
=] kitting-order-LBL,json 21-05-2015 08:09 J50N File 1 I{Bl
- Libraries =] kitting-order-LB1-LB2-LB3.json 21-05-2015 07:56 JS0N File 1KB
& kitting-order-LB1-LB3.json 21-05-2015 07:56 J50N File 1KB
*d Homegroup & kitting-order-LB2-LB3 json 21-05-2015 07:55 JS0ON File 1KB
=] kitting-order-LB3.json 21-05-2015 07:55 JS0ON File 1KB
L Computer ¥ kitting-order-LE3-second-order.json 21-05-201508:34 JSOM File 1KB
&, SystemDisk (C:) =] newKittingOrder.json 21-05-2015 08:02 JSOM File 1KB
—w DataDisk () & newKittingOrder-1,json 20-05-201517:52 J50N File 1KB
=] newKittingOrder-2.json 21-05-2015 07:56 JS0N File 1KB
&‘j Metwork |&| Rack-2870:1410-9571451180.json 20-05-2015 21:03 J50N File 1KB
File name: kitting-order-LBl.jsan - ’Todos os ficheiros VI
[ Open IvJ ’ Cancel ]

Figure 23 — User interface: importing kitting orders from external files.
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Escolmer fcheiro | Nenhum ficheing selecinads

Is
In

Select Kitting Oraer 1T Gar Seq. Number 11 w1 Status History Parts To Pick Actions

a

orderl anz Wil 2 - 557 eec2b08182203c 0890l Created - 4. 15PM 9678556080 / CeliB / 1 B

Figure 24 — User interface: status of a kitting order.

3.4.3 Mission and Skills

Skills and missions are key concepts within STAMINA. A skill is defined as a primitive based
description of compliant robot motions (action primitives), described as simple, atomic movements
that can be combined to form a task (see Deliverable D3.2). A mission is defined as the
identification of the skills that the robot will use to fulfil one or two Kitting Orders (as the
STAMINA robot is able to carry and consequently build two kits). The corresponding class objects
in the Logistic Planner are shown in Figure 25.

A Mission object has the following properties:

id — unique identifier, generated by the Logistic Planner, of the mission;

KittingOrderldList — list of Kkitting order identifiers. According to STAMINA robot features, a
mission fulfils one or two Kitting orders;

robotld — the identifier of the robot to carry on the mission;

currentStatus — the current status of the mission (created, assigned, execution_started,
execution_finished, execution_cancelled);

statusHistory — the history of all status changes in the mission;

plan — the plan to be carried over by the robot (see above section 3.4.4 for details).

Mission

id:5tring
kittingOrderldList:List<5tring= plan
robotld:ldentifier

o

statusHistory

currentstatus 0.*
0.1 0.®
Skill
Status

name:String

status:String skillPDOL:String

when:Date parameterMames;List<String=
parameterValues:List=String>

Figure 25 — Order Manager: mission and skill (UML class diagram).
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As described in the previous chapter 3.3 “Logistic World Model”, skills are dynamically retrieved
from each robot in the fleet and subsequently inserted in the World Model as nodes under the Robot
node. A Skill object has the following properties:

e name — name of the skill.

e skillPDDL, parameterNames and parameterValues — the PDDL (Planning Domain Definition
Language) program and corresponding parameters (see above section 3.4.4 for details).

Mission objects are created by the Mission Planner component for fulfilling a set of Kitting Orders
and later on provided to the selected robot for execution. A specific screen on the Logistic Planner’s
user interface identifies the creation and progress of missions.

& Dashooard . =
Missionl] Mission Plan Status Histery Robet Actions
EETeech208f82203cdBiatiT drive Crealed - 4.18PM fstamina_robet @ 2 4 |
locate
plek
place
Figure 26 — User interface: identification of a mission just after its creation.
& Dashboard » = Missions
MissionlT Mission Plan Status History Robot Actions
555c9741e4b07541860c8043 drive Created - 3:16PM /stamina_robot Q@ 2 = i
locate Assigned to TM: nok - 3:16PM
pick Initializing mission. - 3:16PM
place Quering logistic wm for mission: 555c9741e4b0754{860c8043 - 3:16PM

Creating hierarchy. - 3:16PM

Start task execution. - 3:16PM

Executing skill: drive - 3:16PM

Executing skill: drive return: Success. - 3:16PM
Executing skill: locate - 3:16PM

Executing skill: locate return: Success. - 3:16PM
Executing skill: pick - 3:16PM

Executing skill: pick return: Success. - 3:16PM
Executing skill: place - 3:16PM

Executing skill: place return: Success. - 3:16PM

Task ended succesfully. - 3:17PM

Figure 27 — User interface: identification of a mission’s status history.

A set of web services was specified and implemented that link the Logistic Planner with the
Mission Planner, the Task Manager and EIS. They are described in detail in Deliverable 4.1.1,
version 1.2. These transactions (see Figure 28) are related with the creation of missions, its
assignment to robots, its execution and monitoring.
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Figure 28 — Order Manager: mission related runtime services.

3.4.4 Planning kitting orders on the Mission Planner

This Section describes the integration of the Mission Planner at the second test sprint. The Mission
Planner interacts with the Logistic Planner taking the world model, robot skills and kitting orders as
input and returning plans to be assigned to the robots in the fleet (for the second test sprint, only a
single robot was used).

The internal processing of the Mission Planner is shown in Figure 29. The skills information is
combined with the world model to create a planning domain model described in the standard
Planning Domain Definition Language (PDDL). This model includes a description of the possible
actions available to the robot (the skills) along with the types of entities that exist in the robot's
operating environment. The Mission Planner receives the world model from the Logistic Planner as
a JSON string which it then converts to an internal representation suitable for building the planning
domain. Only entities that appear in the world model are included in the domain. For example, if the
world model contains no instantiated large boxes then the planning domain will not include any
large boxes even when such objects exist in the ontology.
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Figure 29 — Mission Planner: an overview of its internal processing

For the test sprint, the available skills when converted into PDDL are as follows:
(zaction drive-macro
:parameters (?r - robot ?a - box ?b - box ?x - location ?y - location)
:precondition (and
(robot-at ?r ?x)
(robot-at-box ?r ?a)
(before ?x ?y)
(box-at ?b ?y))
-effect (and
(not (robot-at ?r ?x))
(robot-at ?r ?y)
(robot-at-box ?r ?b)

(increase (total-cost) 10))

(zaction drive-micro
:parameters (?r - robot ?a - box ?b - box ?x - location)
:precondition (and
(robot-at ?r ?x)
(robot-at-box ?r ?a)
(box-at ?b ?x))
-effect (and
(not (robot-at-box ?r ?a))
(robot-at-box ?r ?b)

(increase (total-cost) 2))
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(:action pick

:parameters (?r - robot ?p - part ?b - box ?x - location)

:precondition (and
(robot-at ?r ?x)
(robot-at-box ?r ?b)
(box-at ?b ?x)
(empty-handed ?r)
(in-box ?p ?b))

-effect (and
(holding ?r ?p)
(not (empty-handed ?r))
(increase (total-cost) 1))

(:action place
:parameters (?r - robot ?p - part ?c - cell ?k - kit)
:precondition (and
(holding ?r ?p)
(carrying ?r ?k)
(fits ?p ?¢)
(cell-component ?c ?k))
-effect (and
(in-kit ?p ?k)
(not (holding ?r ?p))
(empty-handed ?r)
(increase (total-cost) 1))

)

Note that at the planning level, the Drive skill is partitioned into two separate skills, drive-micro and
drive-macro, for use by the Mission Planner. The drive-micro skill is used to reposition the robot
between two boxes that are at the same location (e.g., on the same rack), while the drive-macro skill
is used to drive the robot between large objects that have different locations in the navigation
waypoint map. This allows for the repositioning of the robot between grasps in order to retrieve
parts from nearby containers. After a plan has been generated by the Mission Planner, all
occurrences of the drive-micro and drive-macro actions in the plan are converted back to the Drive
skill before being returned to the Logistic Planner. As the kitting orders used in the test sprint only
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included large boxes, the drive-micro skill was not used in any of the planning problems. However,
it has proven useful during internal testing of larger planning domains.

Kitting orders provide the goals for the Mission Planner's search algorithm: each part in a kitting
order is added as a goal for the appropriate Kit. For instance, an example goal might be:

(:goal (and
(in-kit partl kit1)
(in-kit part2 kitl)
(in-kit part2 kit2)
(in-kit part3 kit2)
)

which represents a conjunction of facts such that kitl will contain partl and part2 and kit2 will
contain part2 and part3. As with the planning domain, the planning problem only includes elements
from the world model that are relevant to the current goals. For example, even if part4 was present
in the warehouse it would not be modelled in the current planning problem as it does not appear in
any of the kitting orders.

Once the planning domain and planning problem are constructed, they are used as input to the
Mission Planner, which returns a plan that achieves the goal (if one exists). In multi-robot instances
of the planning problem (not relevant for this test sprint), the generated plan is then separated into
individual plans for each robot. There is also a final post-processing step before the plan is returned
to the Logistic Planner, which converts any planner-specific names back to STAMINA names,
combines the drive-micro and drive-macro actions, and removes parameters unnecessary for skill
execution. For instance, the planner might generate the following (post-processed) plan using the
example goal described above (i.e., kitl should contain partl and part2 and kit2 should contain
part2 and part3):

DRIVE(robotl, startloc, box1)
PICK(robotl, partl, box1)
PLACE(robotl, partl, celll, kitl)
DRIVE(robotl, box1, box2)
PICK(robotl, part2, box2)
PLACE(robotl, part2, cell2, kitl)
PICK(robotl, part2, box2)
PLACE(robotl, part2, cell2, kit2)
DRIVE(robot1, box2, box3)
PICK(robotl, part3, box3)
PLACE(robotl, part3, cell3, kit2)

3.5 Software implementation

As the Logistic Planner needs to integrate with external EIS systems and interactivity dialogues
must be realized with the person responsible for the kitting zone in order to provide logistic
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information to the remaining STAMINA components and to monitor the creation, planning and
execution of kitting orders, the Logistic Planner was implemented as an autonomous software
component, running as a server on top of a Java virtual machine, and providing a Java Script /
HTML 5 user interface on standard Internet browsers. Being dependent on the Java 8 virtual
machine, the server part run on both the Microsoft Windows (7 and 8) and Linux (Ubuntu)
operating systems (see Figure 30).

Microsoft Windows 7/ B or Ubuntu 14.04.1
with Java Virtual Machine

keeps data on
T = MongoDB

Logistic || | |
Planner I

! | ___ Internet

| provides user interface on Browser

|

I

communicates with

| Ubuntu 14.04.1
I
I
|

y communicates with {{RO.S Node>>
= ——— = Mission
<<ROS Node>> | Planner
ROS ———
Bridge |
| <<R0OS Node>>
I , e ——— Task
communicates with
Manager

Figure 30 - STAMINA components and ROS nodes (UML deployment diagram).

Its data repository is provided by MongoDB (http://www.mongodb.org), a document-oriented data
base management system (DBMS). As this DBMS keeps data in documents organized as data
hierarchies while simultaneously offering high degrees of agility and scalability, this DBMS was
chosen as the data repository of the Logistic Planner.

Communication with the ROS world, where the remaining STAMINA components do run, is
provided through ROS Bridge. Details about ROS services, topics, data objects and service registry,
are given by Deliverable 4.1.1, version 1.2.

Figure 31 identifies how the Logistic Planner is organized in terms of software implementation. Its
user interface runs on HTML 5 compliant browsers as a Java Script application making use of
several popular frameworks such as bootstrap (http://getbootstrap.com/), angularJs
(https://anqularjs.org/), jQuery (https://jquery.com/), requires (http://requirejs.org/) and WebGL
(https://www.khronos.org/webgl/). Communication with the Logistic Planner’s server element is
achieved through the HTTP protocol by invoking RESTfull web services driven by JSON data
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format. Invocation of these web services triggers the activation of Controllers and Actions inside
the server, that validate data input and output and map JSON data into Java data. At a lower level,
the required functions are encapsulated as Services and the Spring Data provides the mapping of
Java objects into data base objects. All usual data base management systems are supported
(Microsoft SQL Server, Oracle, Sybase, etc.) but MongoDB is the one selected. The Object Model
specifies all the Java objects and relationships corresponding to Kitting Order, Mission, Skill,
eFAC, etc. Several UML class diagram in the above chapters 3.3 and 3.4 describe this Object
Model.

HTTP 5 Web Socket
EIS
HTTP A
JSON
RESTfull <<R0OS Node>>
Internet Browser HTTP Web Services AKKA Actors ROS
(chrome, firefox, internet JSOM Bridge
explorer, ...) Object
‘—I Controllers/Actions Model
HTMLS, Javascript,
bootstrap, angular,jquery, .
requirejs, threejs/WebGL Services
Spring framework + Spring Data
DEMS

Figure 31 — Software organization within the Logistic Planner.

The reactive part of the server, implemented by the Controllers and Actions, follow the Play
Framework (https://www.playframework.com/, a high-productivity Java and Scala web application
framework integrating the components and APIs currently needed for developing modern web
applications. The Play Framework is based on a lightweight, stateless, web-friendly architecture and
features predictable and minimal resource consumption (CPU, memory, threads) for highly-scalable
applications thanks to its reactive model, based on Iteratee 10. In this context, the Controllers and
Actions within the Logistic Planner constitute the elements that are called to respond to RESTfull
invocations: GET, POST, DELETE, PUT, HEAD, OPTIONS (see Deliverable 4.2.2 for details).
However, apart from responding to RESTfull requests coming from the Internet (from the user
interface or EIS), the Logistic Planner needs to have active threads in support of order lifecycle in
order to nteract with the Mission Planner and Task Manager without any human intervention. This
is implemented by AKKA Actors, objects that encapsulate state and behaviour and that
communicate exclusively by exchanging messages, having their own light-weight thread. In
practice, they are used within the Logistic Model to control the planning of a set of kitting orders by
the Mission Planner, their assignment to the Task Managers, and their execution and monitoring,
besides other minor functions. As explicated in Figure 31, Controllers/Actions and AKKA Actors
use in common the Services provided at a lower level.
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