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The ability to share data during ship design, production and management is very limited, with unde-
sirable consequences. Data that could be shared with benefit can be loosely categorized as CAD and
non-CAD, as a function of source, nature, but also practical use and possible exploitation parameters
during the various stages of the ship's life span. Existing off-the-shelf tools and technology can be
used today to share, manage and exploit such data. Examples of the above, including software recent-
ly developed for the purpose will be illustrated, and a practical example presented.

1. Introduction

The effective use of orally transmitted data has been the foundation of mankind's evolution, Danese
(2010), but for practical and effective use in modern industry data needs to be re-usable exactly. At
least three corollaries follow:

- data must be stored persistently.
- data must be retrievable.

Therefore
- data must be stored electronically.

Therefore, the creation of an electronic version of data is the first step. Electronic storage being a
rather non-standard environment by definition, data must be formatted intelligibly, and formatting
must be documented. While being obvious, this is the case far less often than desirable. The vast
number of electronic data organizer tools developed in recent times is a loud symptom of the
importance of data management, and the absence of one, or even a few, standard-setting product(s),
an even more evident indication data-sharing proficiency has not been achieved.

The reason for data not being shared effectively is not fundamentally technical, plenty of tools exist
today to help find, retrieve and process information. On the other hand, assuming that data has been
made available in the first place, which is more and more the case, how it is made available will
determine whether it can be found or not, and then exploited, or not.

With regards to the CAD environment, and more specifically the ship related industry, a majority of
data does exist in electronic form, is readily available in industry standard file formats, but is not
exploitable for a number of reasons, two immediately identifiable culprits being proprietary data
structure, and absence of contextualization.

2. Common place data management tools.

Among the remarkable efforts undertaken so far, some are representative of the main avenues of
development: MS-SharePoint, the web search engine (Google, Yahoo, etc.) and social networking
systems (FaceBook, etc.). However:

- MS-SharePoint manages documents of various nature, but not necessarily the data contained
in them.

- Search engines like Google, Yahoo, etc. use keywords, which can be loosely compared to a
relational database structure, and successive searches, but are somewhat limited to formatted
text and, for example, do not read inside databases, files, etc. and cannot interpret pictures and
graphs.

- Social networking systems allow multiple sources to contribute to a given data set ("friends"
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are allowed to post to an individual's page), but again data is exposed through text.

Perhaps cynically, it could be argued that the difference between the above and the eternal (and
ubiquitous) card filing systems is "limited" to the global reach of the formers, and the filing cabinet
bound nature of the latter.

3. CAD and non-CAD data

In a first, perhaps somewhat simplified approach, two generic data groups will be identified, CAD and
non-CAD. CAD data is loosely intended to include all data that can and is explicitly generated and
represented by "graphical™ means, such as a line, a solid, etc. This data is generally created by CAD
programs, or via graphical libraries (ex. Hoops, etc.). non-CAD data includes all data that is difficult
to or cannot be represented by graphical means, such as relations between objects, number of objects,
results of calculations, dates, etc. Nonetheless, this data can be and often is, an integral part of the
message to be delivered in conjunction with or even by CAD data.
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- Fig.1: CAD data Fig.2: non-CAD data.

The word "graphical” undeniably lends itself to argument, so let us consider a debatable example: the
concept of thickness. Thickness can be represented graphically, generally by hatching a section or of
two parallel segments, but its value is generally expressed with a number, written as such.

4. Data structure, contextualization and inconsistency

Further to previous work on the nature of data and more specifically ship-related data, Danese (2010),
a high-level study of data structure and contextualization was undertaken, taking into account the
implications of the intrinsic inconsistency of data.

4.1. Data structure.

"Data structure” refers to how the data is stored and, hence, made available. Data structure will de-
pend on the nature of the data (somewhat universal), and on how the data will be interpreted in order
to process and present it.

4.1.1. Data structure of CAD data.

Let us consider different ways to describe a line segment and a cylinder, while in each case using the
same data set (one data set for the line and one for the cylinder).

These examples apply equally to lines and cylinders created via the graphical interface of a CAD pro-
gram, via the programming of a graphical library, or via the use of neutral file formats, such as Auto-
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desk’'s DXF. So, while the information needed to identify the line and the cylinder is always present in
an explicit format, unless the structure of the format is known the data cannot be interpreted and used.

various ways to represent a line various ways to represent a cylinder
(0,0,0,1,1,1) (r1,h3)

segment (0,0,0)(1,1,1) cylinder 1,3

x(0,1), y(0,1), z(0,1) cbr1,ch3

etc. etc.

4.1.2. Data structure of non-CAD data

Let us now consider a table of numbers, from which we wish to retrieve totals. Interestingly, such a
table could be created using a CAD program or a graphical library, but in this case the numbers would
not be treated as such unless the software is capable of managing and processing logical information,
which is not always the case. The contents of the tables are the same (the individual numbers), but the
totals will depend on the direction of summation (by row, by column, diagonally, etc.). Therefore,
while containing the same data, the two tables shown hereafter will have to be interpreted differently.
In the first case the summation will be conducted by column, in the second case the summation will
be conducted by row:

1
1
1

[ s | [ o |

For a slightly more abstract example, let us consider a common planning situation, such as the need to
identify which parts of the ship are scheduled for assembly on a certain date, and to cross check the
availability of a hired crane of sufficient lifting capacity to move the finished assembly to another
location in the yard. While the ship parts can be represented graphically, and even the crane for that
matter, cross-checking assembly completion date and crane availability probably cannot. To go one
step further, let us consider the case of the crane becoming unavailable at the last minute, for example
due to a mechanical failure, and the ensuing consequences due to the fact that the assembly hall re-
mains unnecessarily occupied by the completed assembly.
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Once again, CAD data (which parts of the ship will be affected) and non-CAD data (the planning
corrective measures to be taken) are related and inter-dependent, and it will be beneficial for both data
types to be documented in an exploitable fashion and be available together.

4.2. Data contextualization

For the purpose of this work, data contextualization is intended as the intrinsic meaning of the data
itself. For example, a line could represent another object altogether, such as a stiffener, and a number
could represent a weight or a frequency, or a person, etc..

The intrinsic meaning of data creates and controls the need for data to be available, found and inter-
preted in a given context. For example, weight data is relevant in the context of weight reporting but,
more to the point, the context itself will drive the use of that data. For example, consider the need to
either know the weight of an object or the total weight of a group of objects. In the first case we are
dealing with direct data reporting, while in the latter we are dealing with data processing at first, and
data reporting next. Going further, the total weight of one type of object might have to be multiplied
by a unit cost, while the total weight of another group of object will be multiplied by a different unit
cost. So, contextualization extends beyond the initial data itself, to the realm of data processing.
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Data contextualization is generally achieved by the use of words, such as titles, descriptions, etc.,
which works well in the case of a printed document, but less so in the case of electronic data storage
and transferring, as the method is limited and additional interpretation is required: for example, how
many different meanings one same word can take depending on the context. Other, but simpler and
more limited ways to contextualize data is to use colours, layers, file names, etc.

Data structuring and formatting is a pre-requisite to the contextualization of electronic data, and effec-
tive use of contextualization more often than not requires handling of the data itself, as opposed to
simply accessing data storage. For example, the title of a drawing or of a file may indicate the pres-
ence of certain data, but will directly supply neither data itself nor its structure, which must be
searched for, retrieved, interpreted and possibly processed.

4.2.1. Contextualization of CAD data

Going back to the example of the line and the cylinder, here are a few different possible meanings for
these graphical entities:

possible meaning of a line possible meaning of a cylinder
distance hollow pipe
trace of a stiffener solid column
centreline of a pipe tank
edge of a plate) hole in a solid
etc. etc.

It can be argued that contextualization of CAD data is necessary for the data to be useful.
4.2.2. Contextualization of non-CAD data

non-CAD data is perhaps even more in need of contextualization. To use the tables of numbers exam-
ple again, although the two tables contain the same numbers, each table may refer to different quanti-
ties, such as weight and thickness. Moreover, each number itself may represent something different.
Hence, data structuring must be developed as required to correctly contextualize each piece of data.

4.3. Data inconsistency

While other words may be more fitting than “inconsistency", its general meaning accurately repre-
sents the practical problem presented by the need to
associate data of the same type, but in different groups
and to different extents. The theory of ensembles is a
simple way to illustrate the above:

The practical task is to structure data in such a way that
CAD and non-CAD data can be associated in any de-
sired manner. For example, a line representing a stiff-
ener may have a colour, the stiffener may have a differ-
ent colour, and the planned date of assembly of that
stiffener will not have a colour assigned to it at all. Yet,
line, stiffener and date are associated. What is more, the
colours themselves may be described differently, such
as by name, by number, by pantone codes, by RGB
percentages, etc. So, managing data inconsistency re-
quires the documentation of relations and associations.

Fig. 3: Data inconsistency.

One effective way to stipulate associations is the use of relational data sets. Relational data sets are
thereby contextualized to the deepest level, as required to associate the individual data elements. This
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can be achieved by using potentially large numbers of files and an overall management software to
link the data in the files, or by using relational databases.

5. Databases

Using files and corresponding management software does not offer unique, outstanding advantages
and, another diminishing factor, carries the potentially disastrous disadvantage of the data not being
collected in a single repository. This makes it very vulnerable to damage and loss, and difficult, if not
impossible to share and to associate with data from other sources. Relational databases, such as SQL,
can be as immediately human-readable as plain text files, and additionally offer several significant
advantages:

- the data is collected in one container (the database file)

- scripts, queries and procedures provide a rational way to store, retrieve, pre- and post- process
data, and insulate the data from the user thereof

- data integrity is protected

- the database engine automatically manages concurrent access to same data by multiple users

- association of data belonging to different databases is a feature by design

- the amount of data that can be contained in a single database and the number of associations
are virtually unlimited

Moreover, reviewing ship data models, databases and associated CAD files, if any, tend to occupy 2.5
times less data storage space than file-only systems, on average. The author having direct experience
mostly with the ShipConstructor database, this has been used in the research and development work
presented hereafter.

6. The information model

A detailed review of the ship data model is presented in Danese (2010) and, in terms of data contents,
it can be summarized by the following flowchart:
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Fig.4: Ship Data Model flowchart
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Differently than most if not all other ship data systems, it should be noted that the flowchart shows
data flowing back into ShipConstructor's database. In other words, any non-CAD data directly related
to any "object” in the ShipConstructor model can, and should be stored in the ShipConstructor data-
base. Two crucial comments are in order here:

- "objects” in the ShipConstructor database are not limited to graphical and physical objects,
such as lines or solids, but include logical entities, such as a branch in any of the user-defined
hierarchical model structures, or a stock.

- the ability to collect and most importantly associate CAD and non-CAD data is the sine-qua-
non criteria which must be satisfied in order to qualify a true data and information model as
such. In fact, it becomes appropriate at this point to use the "information model" label in its
full right, as the "data" connotation becomes, by definition, an underlying pre-requisite.

Moreover, it becomes evident that such an information model is no longer limited to the ship per-se,
but involves and affects other, farther-ranging domains, such as company management, extra-ship
PLM, etc. One final note, yet fundamental, note to the above considerations is that, of course, data can
also flow from the ShipConstructor database to any other data repository, as the need may be. There-
fore, the conditions to define an information model can be resumed to:

- it must be possible to associate CAD and non-CAD data, from different sources
- it must be possible to import data from and export data to other concerned software systems

7. The ShipConstructor information model: macroscopic structure and data flow

Macroscopically, the ShipConstructor information model is based on a single SQL database and on
AutoCAD files. Data is exchanged and synchronised between the SQL database and the AutoCAd
files via a direct, real-time, transparent interface. Moreover, data can be input from both inside and
outside the ShipConstructor environment, via AutoCAD and via SQL.

7.1. Macroscopic structure

In short, the AutoCAD file contains a copy of every ShipConstructor object created in it (lines, solids,
relations, associations, etc.), while the SQL database contains all ShipConstructor objects created
either in AutoCAD files, and directly in or via SQL, for example using the graphical SQL database
manager, as well as all the libraries of objects, relations, associations, etc. and the project's environ-
ment settings. This combination, and in some instances the managed duplication, of CAD and non-
CAD data is fundamental to the achievement and exploitation of the multi-source input/output data
flow described here after.

7.2. Data flow

While the words "import"” and "export" describe the flow of data, these terms generally refer to the use
of intermediate data exchange files. In the case of ShipConstructor, while classic import and export
are supported, the tools available to exploit the data contained in ShipConstructor information model
actually allow for the direct exchange of data, provided of course that other software involved in the
process does, too.

Data flow is described in some detail in the following paragraphs, but one aspect thereof deserves
foremost mentioning: the purposely built-in by-design ability to interact with the ShipConstructor
information model using commercial off-the-shelf, shrink-wrapped tools, be they software in their
own right (ex. Crystal Reports, Oracle/SQL interfacing software, MS-Office, etc.), or programming
tools (ex. C#, VB, Lisp, etc.). This is possible thanks to several features offered by the ShipConstruc-
tor environment, such as:
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- an increasing number of ShipConstructor commands are exposed in the AutoCAD environ-
ment and can be scripted.

- database interaction is made virtually transparent thanks to the ShipConstructor API, stored
procedures, and exposed queries.

- access to raw data is permitted (but not encouraged).

- user-defined tables may be added to the ShipConstructor SQL database.

- the ShipConstructor SQL database may be linked to other databases.

- last and perhaps most powerful, the ability to interact with the ShipConstructor information
model in a remote, IT neutral fashion, using standard communications technology.

Much work has already been carried out in this respect, and a few examples are presented hereafter.
7.2.1. Data input
In terms of data creation, several mechanisms are available in the ShipConstructor environment:

- CAD input, via the AutoCAD environment, using AutoCAD commands, ShipConstructor
functions and non-ShipConstructor functions and programs.

- non-CAD input, via the dedicated ShipConstructor graphical SQL database interface, and via
non-ShipConstructor functions and programs.

It is very important to note that reference is made here to "input", as opposed to "data". The distinc-
tion is fundamental, and it is made because the ShipConstructor user will create and input CAD and
non-CAD data alike via both the AutoCAD and the SQL environments. So, graphical entities, model-
ling schemas, parameters, associations, etc. will be defined in some instances via the CAD AutoCAD
environment, and in other instances via the non-CAD SQL database environment. A special note is in
order at this point to underline the importance of CAD and non-CAD data associating mechanisms,
specifically using input from multiple sources. One remarkable feature offered by ShipConstructor is
the User Defined Attribute (UDA), a particularly powerful and versatile tool in several respects. For
example:

- UDA data can be input from both inside and outside the ShipConstructor environment
- UDA data can be virtually anything: numbers, strings, hyperlinks, soon also formulas, etc.

7.2.2. Data output
Many output options are available, but a concise summary of output "types" will suffice here:

- graphical (ex. paper drawings, pictures, etc.)

- tabular (ex. reports)

- to neutral file formats (ex. dxf, pdf, dwf, rtf, etc.)

- to proprietary file formats (ex. MS-Excel, NavisWorks, etc.)

- via off-the-shelf software (ex. Crystal Reports, MS-Office, etc.)

- via custom applications (ex. targeted harvesting from the AutoCAD and SQL environments)

It is very important to note that data and information can be extracted from the ShipConstructor envi-
ronment without need for AutoCAD and/or ShipConstructor, directly from project database. There-
fore, the contents of the ShipConstructor information model become available to virtually anyone at
any time, and more particularly they inherently become a dynamic component of company manage-
ment, tactical and strategic decision making.

8. Development examples

Most of the few examples illustrated here have been contributed by several fellow researchers, who
therefore deserve the credit, and have been chosen specifically to cover a range of different contexts:
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- CAD environment: custom labelling of ShipConstructor parts.

- SQL environment: custom reports of ShipConstructor data.

- combination CAD / database environment: combining CAD and non-CAD ShipConstructor
data into User Defined Attributes, in order to embed custom Product Hierarchy information
into a standard ShipConstructor Bill of Materials table (BOM).

- SQL environment: external input from an IT neutral, non-ShipConstructor source.

- SQL environment: combining data from two ShipConstructor databases, then processing it.

- SQL environment: automating the acquisition of planning and scheduling information from
third party suppliers using wireless technology such as WAN (2G : GSM / CDMAuone, 3G :
UMTS / CDMA2000, 4G : LTE / WiMax), LAN (Wi-Fi) or PAN (ZigBee).

- company scale example: exploitation of the open ShipConstructor Information environment
in the early phases of estimation

8.1. CAD environment application: Custom labelling of ShipConstructor parts

Custom labelling was developed to accommodate specific drawing detailing and presentation re-
quirements. Custom labelling is effectively an AutoCAD application, and uses data contained in the
AutoCAD file. It directly harvests data from the ShipConstructor objects present in the current Auto-
CAD (as opposed to a X-ref file), and uses the harvested data to create formatted, persistent text
strings (the parts' labels). The labels are stored in the file, and can be printed. The following example
shows one possible code set for interrogating the ShipConstructor parts and harvest the data:

public static Detaillnfo GetDetaillnfo(Guid DetGuid, out Point3d p3d)

Detailinfo DI = new Detaillnfo();
DI.GUID = DetGuid,;

double x=0,x1=0,y=0,y1=0,z=0,2z1=0;

Guid guid = Guid.Empty;

p3d = new Point3d(0,0,0);

SCon.DatalLayer.StructPart. STRUCT_PlateParts platePart = new
SCon.Datalayer.StructPart. STRUCT_PlateParts();
platePart.Connection = SConApp.ProjectSettings.Connection;
platePart.DatalLevel = SCon.DatalLayer.Gen.DatalevelEnum.Full;
platePart.LengthConversionUnit = GEN_LengthUnit. MM;
platePart.FillPKGUID(DetGuid);

GEOM_3DPoints points3d = new GEOM_3DPoints();
points3d.Connection = SConApp.ProjectSettings.Connection;
points3d.Datalevel = DatalLevelEnum.Basic;
points3d.LengthConversionUnit = GEN_LengthUnit.MM;

if (platePart.MoveNext()== SCon.DatalLayer.Gen.DLBOOL.DLTRUE)
DI.Name = platePart.PlatePartName; BRC =T
Dl.Stock = platePart.eStockDescription; '

Dl.Material = platePart.eMaterialName; Fig.5: Custom label example.
guid = platePart.ExtMaxPointGUID;
points3d.FillPKGUID(guid);

if (points3d.MoveNext() ==
SCon.DatalLayer.Gen.DLBOOL

.DLTRU E) Acﬁon Labt:e\ MName Mew Mame Qld Stiock Mew $bm:k old Mai:erial Ne't\f Material =
{ ‘Delete  PROJ-Z4FRE6-PO3: ' : ' ; E
- . . ‘Delete PROJ-Z4-FRE6-P03: } ; : : : E
x_po!nts?,d,x, 7 et iR, i TR SR ARl IO e PR SRR
y = points3d.Y; PR 7k | R N N S |
Z = points3d.Z: ‘Rename PROJ-Z4-FREE-PO4 53— | 8- - Uoyd's Grade's’  Lloyd's Grade'a’
p = ‘Rename PROJ-Z4-FRE6-PO3: PROJZ4FRE5-PO4 8- 8- Lloyd's Grade'd’  Lloyd's Grade'A'
M| C]Rename. .. PROV-Z4ERE6PIA. PROIZAFREEPLA . B b 2105 Lo LIl S Grade'al, . Lid's Gradedl .. L
guid = plate- ‘Nolabel  PROJ-Z4FRES-FOS : ! : !

. . X ‘Nolabel PROJ-Z4-FRE6-FO1: : ; : . :
Pa_rt.ExtMmPothUID, ) ‘Nolabel PROI-Z4-FRE6-518° -
points3d.FillPKGUID(guid); ; . : — v
if (points3d.MoveNext() == : : : :

SCon.DataLayer.Gen.DLBOOL - - - =
.DLTRUE) - -
{ Fig.6: Custom labels management dialog.
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x1 = points3d.X;
y1 = points3d.Y;
z1 = points3d.Z;

}
p3d = new Point3d((x + x1) / 2, (y +y1) / 2, (z + z1) / 2);
return DI,

}

8.2. SQL environment: custom reports of ShipConstructor data

Custom reporting was developed to accommodate specific report formatting and content requirements
in a single report, and more specifically:

- custom-defined part count (quantities) and custom-defined part grouping.
- reporting user-selected part properties, including those embedded in the part object as text.

This custom reporting example is written in Crystal Reports, and only requires access to the SQL
database. It will be helpful here to describe how a ShipConstructor part is "made". In short, it is com-
posed dynamically from a collection of associated information including CAD data (geometry, text,
et.) and non-CAD data (attributes, properties, associations, parameters, User Defined Attributes, etc.).
So, custom reports are generated by harvesting data from the ShipConstructor database, and arranging
into a custom-formatted report sheet, as follows:

- inthe ShipConstructor database, find the required parts employing user-defined criteria.
- harvest the parts' information and collect it in a matrix.
- create a table using the desired parts and the desired, specific part information.

The following example shows one possible code set for interrogating the ShipConstructor database
and harvest the required data:

void GetData()

int num = 0;

GEN_Units unitDataset = new GEN_Units();
STRUCT_PlateParts plateParts = new STRUCT_PlateParts();
STRUCT_PlatePartStringAttributes plateAtt = new STRUCT _PlatePartStringAttributes();
STRUCT_PlatePartStringAttributeValues
plateAttVal = new

[ SCReport2C0B: Registered from 10.01.2010 1o 31.12.2010.

. ) M Fegistration  Abot
STRUCT_PlatePartStringAttributeValues(), Dsbemt T ook M | s Wi oy | g
STRUCT _PlatePartBevels plateBevels = oy T (T T
new STRUCT_PlatePartBevels(); e o | COTI e T I DR - |
STRUCT_PlatePartFlangeStandardJoins : : BIUNEDE P10 | Gaceh L Jumsmnceey
plateFS = new 2 e =L S I T A, T lmmoonex |
. ] Stock . [ Wenght 56000018009 P12 1ads 1 U01_BRIDGEDECK
STRUCT_PlatePartFlangeStandardJoins(); e = SOUNE10 (P12 G T Jow peeroe
STRUCT _PlatePartTextMarkings plateTM = Seme B | Srrremireeew i i
new STRUCT_PlatePartTextMarkings(); el e et o o § oo
STRUCT_ExtrusionParts extrusionParts = T = P b £ jum e
new STRUCT_EXU’USIOFIPartS(), ’I_I Pl Ir":nwa:y:‘t::w SAGUNTED1T | HP140. | Giaded 1 J01_BAIDGEDECK
. . . P S00-U018D-18 P140.. | Grade A 1 U01_BRIDGEDECK
STRUCT_EXtrUSIonPartStrlngAttrlbuteS eX- Flesaa g:}:‘ SBILQLIMED 19 FLOS Grade A 8 5B00-PLOB-OTS 1 U01_BRIDGEDECK
tPartSSA = new Fii:;:ve‘_ o Pal'e:u]ng SE00-U0180-20 {8 S0xB Grade s 1 U01_BRIDGEDECK
S80CHI01 8D 21 L08 Grade 4 8 SBO00-PLOB-0ZS 1 J01_BRIDGEDECK
. . . [ Bendng . [ Flarge Angie: o A ¥
STRUCT_Extrus!onPartStr!ngAttr!butes(); Cires mf._.waim T T T E e
STRUCT_ExtrusionPartStringAttributeValue B SN A0 |oweh . o swamon |1 |un sapseoe
tPartsSAV = new T T LT T I R I T
s ex . . . - b 56000018027 PLOS Giads 4 8 5B00-PLOB0TE 1 JD{BFIDEE(EE\
STRUCT_ExtrusionPartStringAttributeValue enisis SNE0n  |f s e v umenpecoe
. [ Hesth 5800-101 8029 o7 Girade A 5B00-PLOT-041 1 uol_Bo
S()x ‘ Hs'm_;um_ 010018030 MO? | Graded SPOOPLOTON T, ut_Bo
STRUCT_ExtrusionPlots extPlots = new e e T
STRUCT Extrusionplots(); L%L:"ﬂ'l "_EE*LJ WOUNED3Z MO | Giadea senFLOTOE 1 uo_Eo
— E = 20UNSD 34 B Giade 22007028 1 YO e

STRUCT_ExtrusionPlotSheets extPS = new
STRUCT_ExtrusionPlotSheets();
STRUCT_CorrugationParts corrParts = new
STRUCT_CorrugationParts();

STRUCT_CorrugationPartStringAttributes cpSA = new STRUCT_CorrugationPartStringAttributes();

Fia.7: Custom reports. manaagement dialoa.
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STRUCT_CorrugationPartStringAttributeValues cpSAV = new
STRUCT_CorrugationPartStringAttributeValues();

STRUCT_CurvedPlateParts currPlateParts = new STRUCT_CurvedPlateParts();
STRUCT_CurvedPlatePartStringAttributes cppSA = new STRUCT_CurvedPlatePartStringAttributes();
STRUCT_CurvedPlatePartStringAttributeValues cppSAV = new
STRUCT_CurvedPlatePartStringAttributeValues();

STRUCT_TwistedExtrusionParts tep = new STRUCT_TwistedExtrusionParts();
STRUCT_TwistedExtrusionPartStringAttributes tepSA = new STRUCT_TwistedExtrusionPartStringAttributes();
STRUCT_TwistedExtrusionPartStringAttributeValues tepSAV = new
STRUCT_TwistedExtrusionPartStringAttributeValues();

STRUCT_PlankParts pp = new STRUCT _PlankParts();

STRUCT_PlankStockStringAttributes ppSA = new STRUCT_PlankStockStringAttributes();
STRUCT_PlankStockStringAttributeValues ppSAV = nhew STRUCT _PlankStockStringAttributeValues();
GEOM_3DPoints points3d = new GEOM_3DPoints();

8.3. Combination CAD / database environment: combining CAD and non-CAD ShipConstructor
data into User Defined Attributes, in order to embed custom Product Hierarchy information
into a standard ShipConstructor Bill of Materials table (BOM)

This application exploits the flexible nature of User Defined Attributes (UDA) to create and document
a custom-defined, post-processing hierarchical sequence. The post-processing sequence is described
in a verbose fashion and, in this case, uses the names of Product Hierarchy branches according to the
company's specific production strategy. The post-processing sequence is documented in the Nest
Drawing, by embedding the desired UDAs into the user-defined ShipConstructor Bill of Materials
table (BOM) - the BOM is laid out using keywords, which refer to data in the database. The custom
information is used by the NC-machine operator to sort the cut parts according to each part's post-
processing sequence. This a mixed AutoCAD / ShipConstructor application, using data from both the
AutoCAD file and from the project database. The application works as follows:

- interrogate the Nest file to identify the parts therein (AutoCAD environment)

- then, from the SQL database, harvest the Product Hierarchy structure corresponding to each
part, starting at the individual part's level, then upstream (SQL environment)

- for each part, populate the corresponding UDAs in the database with the appropriate branch
name (write to the database)

The following example shows a possible code set for populating the UDAs by writing to the database,
after having interrogated the ShipConstructor Nest file to identify the parts present, and having har-
vested their relevant data from the database.

S Curved Plate Properties

whi |e (plate Parts.MoveN EXt( == Curved Plate | Product Hisrarchy | Finishes | User Attributes
DLBOOL-DLTRUE) Auvailsble User Attibutes Aasigned User Atibutes

Attribute © Default Yalue Required  D.. Attribute Walug

bool find = false; sra

try CAS MECH PREPARATION -

{1 if (plateParts.ePrimaryAssemblyGUID == null) A o
{

continue;

}

catch { continue; }

string attVal =
ChangeAttributeValue(plateParts.ePrimaryAssem
blyGUID, ref find);
if 3 - . —
(checkCondition(plateParts.ePrimaryAssemblyG

uID))

>

continue;

} Fig.8: Selection dialog: choosing the UDAs to be
if (find) populated with Product Hierarchy branch names.

{
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plateAttval.Clear();
plateAttVal.FillFromPlatePart(plateParts.PlatePartGUID);
try

{
while (plateAttVal.MoveNext() == DLBOOL.DLTRUE)

{
plateAtt.FindGUID(plateAttVal.PlatePartStringAttributeGUID);
if (attibutes[plateAtt.StringAttributeGUID] == AttName)

numAtt++;

plateAttVal.AttributeV
alue = attVal;

plateAttVal.lsDeferred
= DLBOOL.DLFALSE;

plateAttVal.Update(U
pdateMethod.AbortOnE
rror);

Fia.9: Part of a BOM with UDAs.
8.4. SQL a

environment:
external input from an IT neutral, non-ShipConstructor source.

The example described here is a small part of a much larger ShipConstructor-assisted company man-
agement environment. Its peculiarity is that its functionality is available through any html compatible
environment, irrespective of operating system or device brand. For lack of a proper name, it is re-
ferred to as RDM (remote data management).

The goal is to "de-materialize" access to and management of selected ShipConstructor data contained
in the SQL database, under the MS-Windows OS. Of course not all data should be modifiable from
the outside, and not everyone
should have access to all data. The
ShipConstructor database is ac-
cessed via IS services, which are a
standard part of the Windows OS
distribution and installation. This is
achieved very simply by a pass-
word controlled log-on, which also
allows one to dynamically create a
user-specific graphical interfaces,
tailored to cater to the user's re-
quirements and assignment, in
accordance with his permission
clearance. While programmatically

rather complex, the application is ] o ] ]
very simple in concept, and works Fig.10: Defining a UDA in ShipConstructor..

Fle Bt Vew lmet  formet  Tooh  Duw  Dwmenson  Modly  SwComtacier  SCUNSE  Window  Mep  MT-Tosh
2H0CRADKDDE r 2O 0 Chmma WoWET rwer—— e

AP LEELT AT B 151 |
LEQ QPR AAQE 2.

— SRR T WawE T Oes

as follows:

- from any html compatible device connected to the internet or to a LAN/WAN network, the
user connects to the IP address of the PC hosting the RDM application.

- the RDM sends the log-on html GUI to the device.

- the user logs-on with name and password.
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- the RDM sends the user-specific GUI to the device.
- the user operates using keyboard, mouse, touch-screens, etc.
- the RDM establishes and manages the connection to the database.

While much of the source code is proprietary and is not presented in this document, interface read and
write examples are illustrated here.

Fig.11: The RDM log-on/off dialog in Google Chrome (note the IP address in the url field), and the dialog
for editina UDAs via the remote html interface.

The application has been tested successfully using the following devices: PC (various versions of
Windows and web browsers), BlackBerry, Android mobile phones, IPhone, etc.

8.5. SQL environment: Combining & processing data from two ShipConstructor databases,
then processing it.

Custom reports can be as simple as specially formatted tables, or as complex as full data processing
engines involving data from different sources. In addition, with reference to other examples in this
document, the results of data processing can be in turn written back to the desired database(s), for
example by populating a UDA. This allows for data processing to take pace outside the ShipConstruc-
tor environment, while collecting and storing raw data and results in it. Custom reports are based on
data harvesting, and subsequent data processing. With reference to the examples already presented in
this document, the Crystal Reports document illustrated below harvests data from two ShipConstruc-
tor databases and processes it into a combined result.

1§ Database Expert |_

Data

Browse the data source for the tables you want to add.

{Mote: to edit the alias for a table, select the table in the "Selected Tables' tree and click on it or
press the F2 key)

Available Data Sources: Selected Tables:

&= [(3My Connections B & LENOVO-PC
=] @; LENCWVO-PC USER_spRetrieveAssemblyDataFrom2Projects; 1

4 Add Command
= (B 60-2009

= [ dbo
[E] USER_spRetieveAssemblyDataFrom2Projec
INFORMATION_SCHEMA

o Elsys | =

=] LENOVO-PC_1

% Add Command
= [E] 5493

[ (L] Create New Connection

4 1 4

Fig.12: Crystal Reports - connecting to 2 different databases.
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"
im

dit View Insert Format Database Report Window
ing-F3SpEL| 4 BEI -0

Help
5]

PawE e

| De;[gn‘ Preview

181713 1.9.

AL AANMA SR X~ 10 -1 A~ R RA T

28| = s 958 X
= (3 Database Fields
) [ USER_soRetrieveAssemblyDataFrom2Projects; 1

i [ &« B zu] Acoiiio g
imEzoLNNoOBumG f8 A ) E S 20K w
~ StatPage  My.rep2 X T

= blyGUID

TiRecord N fissemblyName

i PlatePartCounf PlatePartSurfaceArea_mmg  PlatePartv oume_mm3

= AssembiyName
== RankGUID

== Purchased

= UnitGUID

o= RowVersion
= Leftvalue

== Rightialue

=1 InheritPar

== WeldUpdateDate

=1 StandardAssemblyStandardHierarchyGUID
== StandardAssemblyInstanceGUID
o= ParentAssemblyGUID

== BuldStrategyGUID

=1 Rankiame
== Ranklevel

=z TemplateDraningGUID
= BuldStrategyIsPrimary

= PlatePartCount

=3 PlatePartWeight g

= PlatePartOuterToolpathlength_mm
o PlatePartArea_mm2

=3 PlatePartSurfaceArea_mm2

=) PlatePartvolume_mm3

== PlankPartCount

&= PlankPartilieicht_g

== PlankPartSurfaceArea_mm2
& PlankPartioume_mm3

= ExtrusionPartCount

== ExtrusionPartWeight_g

Assembly:  CASCO 01

Number of Parts: 13650
Total Weight: 3355157 75505475 Kg

Field Explorer| ) Report Explorer

Assembly: 0401

Mumber of Parts: 547
Total Weight: 416094.228715845 Kg

Part Guid

Sc06d0b0-0821-405c-54d- 10463473

Part Name

Weight (Kg) -

C1-F51-541-BE 0.010267763743291

C1-E11-755BE | 0.401656655002276

36222he2-dh92-427c-8696aafe812e

C1-E11-754-BE | 0.401730972000006

T 2abe5-cfed-4299-h24b-7488048bh

C1-E31-39-BB 0.416269160073758

T0d14309-9c15-4749-%bd- 7485 1ec 2

C1-E31-41-BB 0.416265160073771

40f0248-da03-4209-8250-7 ceTec25

C1-M11-2-04-BB | 0.56703687830625

aa74bcdb-deec-43d8-87b7-T1ceblfe

C1-M11-2-04-BB | 0.56703687830625

Sedb1b5d-6416-4c69-5d35-T1cedldZe

C1-M11-3-02-BB | 0.56709687830625

cd2d163e-1066-410d-5c28-T7bb24ed...

C1-E31-P12.2-BB | 0.568853622430564

5df68a 1e-53f8-4afd-a69-77bdBe 5 Sdf

C1-E31-P16.2-BE | 0.675299629731302

566915ze-be 1e-482 3-bbcd-78489531...

C1-E31-P28.2-BB | 0.681290948999302

be5357c8-318e-435e-Bbea-7494298d. ..

C1-E31-P30.4-BB | 0.709980816282962

68cf4400-3b4d-4426-910b-74942738...

C1-E31-P30.5-BB | 0.709980816282968

[

| »

Part Guid

7473b7he-6314-44f8-87b-01782.

Part Name

Weight {Kg)

1145-P05-P02

35.1217706943101

Lug 125¢125¢15

183984375

b290b418-862-41bd b6Ea7-01784.

Lug 125¢125¢15

183984375

66blaab2-951e-44h5-Beeb-0178.

Lug 125¢125¢15

183984375

18134a16-0663-4347-8234-01785.

Lug 125:125¢15

183384375

5906c073-be-45c-8252-01786.

Lug 125:125¢15

183384375

dA58293-8a3%-4c05-a167-01786.

Lug 125:125¢15

183384375

d138a5db-9291-49de-994-0253.

1145-P05-PO1

85.8603082376475

fadeeal0-6629-4d8d-a423-03060...

Lug 12512515

1.83984375

90ab715d-1955-4374-8259-0337...

1143-P16-PO1

1457347738741

126680760 17b-4F67-0a 16-04e55...

1141-P581-P01

762.82261864833

Fadf144e-5889-434b-045b-05579...

1142-P34-P01

26.5909266327039

22739%a2-bcb8-4296-5318-070b...

1141-P23-P01

330.622779635392

[

] »

Combined Sources

Mumber of Parts: 14157

Total

Weight: 3811251.98377071 Kg

Part Guid -

Fart Name

Weight (Kg)

C1-510-58-5-BE

4.50809866329504

000592a8-579%-4d01bed1-739393...

C1-M11-9-BE

211.406596481688

000c 1463-2541-4987-843cb4a786...

C1-A31-35-5-BE

121.599808952502

000ccdI3-abBd-4adB-966a-044dd0...

C1-A41-289-BB

281.354002283195

000d 336e-Tleb-422c-Jccc-ddasdd...

C1-E11-5-BB

409.484680354886

002155ee-=52-4553-90032220138...

C1-M41-94-4-BE

1.363937499539994

0021ead7-1675-4d4%-a7ed-19a6F15...

C1-E22-43-1-BB

36.2745303441262

0033636c-a521-42d6-9322-5¢ b 37...

C1-E51-238-BE

18.9388352062428

0037de85bb85-4c5b-a9e5-594cad. .

C1-E51-33-BE

141.974037476384

00321128-3130-43de-a43e<2Ab306...

C1-F51-221-BE

8.87085499633025

003e9176-7dbc-472b-928dc7a189...

C1-510-16-7-BE

30.6792553267643

003509e-57%e-4e29-84a5-66febbb...

C1-M11-2-1-BB

2745.79838077586

00400808-1085-4602-8671-d984F72...

C1-F51-368-BE

2.05600754854775

00428ccd-18c4-4a37-93 2a64d15a...

C1-E41-82-0-BE

23.7254229921935

00430736-41c5-46850043c0af618...

C1-E32D-18-3-BB

39.3417109614571

Fig.14: The data from 2 different SQL database sources, and its processing into overall totals.
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8.6. Exploitation of the open ShipConstructor Information environment in the early phases of
estimation

The following information flow schema was developed to exploit the open ShipConstructor infor-
mation environment as of the early phases of estimation. The schema is presented succinctly, and
reference is made to the information presented so far.

8.6.1. The ShipConstructor information environment comprises (summary)

- AutoCAD drawings, used for 3D model input and output. It is a familiar, configurable envi-
ronment, and, contains both ShipConstructor and non-ShipConstructor data.

- 3D realistic, solid model: attribute and property rich. Properties include CAD and non-CAD
data. Model is fully integrated and multi-disciplinary, gives overall geometrical and non-
geometrical data.

- SQL database: offers export facilities, supports external harvesting of data, reports include
user-selected data in user-defined formats, etc.

8.6.2. Estimation using the single model approach, extensible to design and production

This approach consists in modelling a scalable, representative Unit in detail, and the rest of the ship
macroscopically (scalable primary structure such as main frames, bulkheads, decks, etc., representa-
tive secondary structure, primary and large schedule distributed systems, etc.). This data and ensuing
information is then used as-is or further processed, for example as follows:

- as qualitative input to create or validate preliminary scheduling and planning, for example in
MS Project.

- to feed preliminary purchasing and required resources estimations (ERP/MRP) and other ad-
ministrative and management tools (ex. SAP), which in turn will influence the preliminary
planning and scheduling.

The CAD portion of the data is computed automatically and stored as object properties, such as
weights, number of plates to cut, weld lengths, etc. The non-CAD portion of the data will include user
defined processing entities, such as blasting grit grade, paint and finish specifications, assembly se-
guence, etc., and user specific parameters such as manufacturing hours as a function of yard resources
and task complexity, etc. non-CAD data is yard specific, user supplied and added to the model via
object properties and User Defined Attributes.

Information model dependent reports include the relevant data from the SQL database, sorted and
grouped according to the user’s requirements, either using the ShipConstructor reporting engine, or
other software, like Crystal Reports. Data is further processed as required to obtain the relevant quan-
tities for use in management, tactical and strategic decision making.

Raw and processed data is thus available for immediate use, as direct input for building an MS-Project
Gantt chart, or for further processing by ERP/MRP and management software.

Other non-CAD information also influences the planning (availability of materials and resources, oth-
er objective constraints) and the structure of the ShipConstructor Information model. For example, the
availability of steel may influence the planned assembly sequence.

8.6.3. Integration of planning, cost analysis and model
One or more iterations may be needed to synchronise the model (choice of yard processing and build
sequence, CAD modelling schedule to produce required data, etc.) and the overall planning, also with

respect to cost and other objective constraints. Estimated and projected data are input back into the
model (ex. model “by” dates, nest “by” dates, names of assigned operators, revised processing infor-
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mation such as finish, assigned resources, etc.), principally in UDAs associated with model parts and
non-CAD objects (ex. the projected elapsed time needed to complete the assembly of a branch of a
Product Hierarchy based on available resources at the planned moment in time and on objective diffi-
culty and complexity factors, as well as the corresponding cost). As the information is now collected
and managed by several connected tools, it becomes appropriate to use the Information Model defini-
tion, the ShipConstructor Information Model being part thereof. As cross-feedback balances out, the
Estimation model can be considered achieved.

From this point on, data flow continues to be managed at least multi-directionally between ShipCon-
structor, planning / sched-

uling software (ex. MS e
Project), ERP/MRP soft- w7 Sy
ware (ex. MARS) and ’ MRP !
management software (ex. ./ Scheduling
SAP), but perhaps also ¥

to/from other data sources £ \ |::> NavisWorks
(ex. a subcontractor suf- ! ShipConstructor i

fers a set-back, or a strike ' SAP :

forces re-tasking and re- i Planning Dynamic
scheduling, or bad weath- K / reports

er delays painting, or the N ¥

price of a sourced item S .
drops thereby allowing its A S sesen i
purchase and its fitting —

sooner, etc.).

AN
\
\
\

3rd parties

Throughout the process, the interface between information and management (which may not be profi-
cient in CAD and other discipline specific software) is achieved without the direct use of any of the
programs generating the raw data (ShipConstructor, AutoCAD, SAP, etc.), but rather via graphical
collaborative reviewing software (ex. Autodesk's NavisWorks) and dynamically reporting software
(ex. Crystal Reports).

Fia.15: The Information Model.
8.7. SQL environment:
automating the acquisition of planning and scheduling information from third party suppliers
using wireless technology such as WAN (2G : GSM / CDMAone, 3G : UMTS / CDMA2000, 4G :
LTE / WiMax), LAN (Wi-Fi) or PAN (ZigBee).

The ability to write information to the ShipConstructor database opens innumerable doors towards
catering to many management requirements. The example presented here is based on a rather common
circumstance, the geographical distance between a cutting company and the shipyard(s) where those
parts will be assembled. In fact, the geographical distance often entails crossing of borders varying
transport regulations, perhaps vastly different meteorological conditions, traffic jams, etc. Therefore,
real-time knowledge of the location of a truck transporting cut parts is of great interest. While geo-
localization has become common place technology, it was sought to make available relevant infor-
mation about the cargo being carried in an operator-less fashion. Therefore, programmable ac-
tive/passive RFID technology was added to existing GPS/GSM geo-localization. In short, the planned
system, based on current off-the-shelf technology and hardware, will works as follows:

- upon loading of cut parts on a pallet or flat rack, an RFID tag attached to the pallet or to the
flat rack is programmed with a tracking number and the list of parts (obtained from the NC-
cutting file or other ShipConstructor supplied information).

- upon leaving the premises, the tag connects with the active transponder of the RFID system,
and the following information is sent to the Information Model via GSM: pallet / rack track-
ing number, list of parts.

- at pre-set time intervals, the geo-localisation portion of the tag signals its GPS position, which
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is fed to the Information model in wireless fashion.
- finally, upon entry of the shipyard's grounds, another active transponder reads the tag's con-
tents and feeds the arrival data to the Information model

Incidentally, it is interesting to note that, when produced in small quantities, the cost of the tag and of
the corresponding active RFID transponder described above have been estimated to be a few tens of
€uros, negligible at the scale of the ship industry.

9. Conclusion

The use of off-the-shelf technology and tools to compose and exploit a true Information Model has
been documented and advocated before, Danese (2010). The few examples of completed and on-
going development work discussed here represent only a small cross section of what has already been
achieved, and are aimed at documenting the ease and simplicity of building the basic bricks of an
Information Model, a goal within just about everyone's reach, given that the required data lends itself
to the exercise. Of course, requirements change as new tools become available, and vice-versa. How-
ever, experience would suggest that the use of off-the-shelf software, hardware and technology greatly
reduces the amount of resources to be expended in catering to change. This intrinsically scalable ap-
proach is then deemed viable.
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