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Data Synchronization: Autodesk® AutoCAD® Map 3D
Enterprise, FME®, and ESRI® ArcGIS®

Drew Burgasser, P.E. — CAD Masters, Inc.

GS2475-R  Sacramento Area Sewer District (SASD) chose AutoCAD® Map 3D Enterprise software
industry models as the front-end GIS application for creating and editing sewer assets. SASD needed a
synchronization solution so that the SASD enterprise GIS (ArcGIS®) could be updated accordingly. The
long-transaction functionality (jobs) in AutoCAD® Map 3D Enterprise industry models provides a
framework where inserted, edited, and deleted features can easily be queried for synchronization. In this
roundtable session, we discuss how to use AutoCAD® Map 3D jobs in conjunction with FME® data
conversion software to synchronize ESRI® ArcGIS®.

Learning Objectives
At the end of this class, you will be able to:

¢ Identify the database tables used in an AutoCAD® Map 3D Enterprise industry model to work with
jobs.

e Customize job states to provide a synchronization state.
e Query inserts, edits, and deletes in an AutoCAD® Map 3D Enterprise industry model job.

o Explain how FME® data conversion software can be used in conjunction with Map 3D jobs to update
ESRI® ArcGIS®.

About the Speaker
Drew is vice-president of CAD Masters, Inc., an Autodesk partner based in Northern California.
He is also a registered professional engineer in the state of California. He has 20 years of
experience using Autodesk® software. Drew specializes in implementation of civil engineering
and GIS software solutions like AutoCAD® Civil 3D® and AutoCAD® Map 3D™. His
combination of expertise in project management, civil engineering, GIS, .NET programming,
Oracle, and IT makes him uniquely qualified with planning and implementation of Civil 3D and
Map 3D in the most complex of environments. Drew received a BA in Architecture and an MS
in Structural Engineering from the University of California at Berkeley.

drew@cadmasters.com
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Introduction

Sacramento Area Sewer District (SASD)

Located in Sacramento, CA, SASD is a Sewer Utility providing service to more than 1 million
people in the Sacramento region. The mission and visions of SASD are to efficiently collect
sewage from homes and businesses within the Sacramento area and to provide the best value
of any sewage collection utility in California, as measured by cost and level of service.

Why AutoCAD® Map 3D Enterprise?

SASD chose AutoCAD® Map 3D as a solution to modify sewer GIS data in a multiuser
environment. AutoCAD® provides an unparalleled viewing and editing environment that the
users were already familiar with. The long transaction (jobs) functionality in AutoCAD® Map 3D
provides a QA/QC mechanism that allows SASD to process work through a series of states.
Lastly, the AutoCAD® Map 3D API framework allowed SASD to build business rules and
workflows from the ground up.

ESRI® ArcGIS®

AutoCAD® Map 3D was never intended to be a replacement for the SASD Enterprise GIS.
SASD uses ArcSDE® (Spatial Database Engine) on SQL Server as their Enterprise solution.
ESRI® products are used throughout the organization to view and analyze sewer asset.

The Challenge
Allow edits completed in AutoCAD® Map 3D to be copied to ESRI® ArcGIS®. In other words,
the two disparate systems must remain synchronized.

Jobs

Job Tables
If you are a GIS administrator for AutoCAD® Map 3D Enterprise, you should become familiar
with the job tables used as part of the long transaction functionality.

e TB_JOB - Contains the list of all jobs

e TB_JOB_STATE — Stores the job state configuration

e TB_JOB_STATE_TRANSITION — Stores the job state transition rules
e TB_JOB_VERSION — Stores the complete history of every feature.

Job States
As a user works on a job in AutoCAD® Map 3D, the job moves through a series of states. By
default these states are as follows:

e Open
e Pending
e Live

o Deleted (optional!)
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For SASD, it made sense to customize these job states based on their QA/QC processes and
synchronization with ArcSDE®:

e Open

e Ready for QC

o QC Completed
e Synchronization
e Live

To modify the job states, modify the TB_JOB_STATE table. We use Oracle® SQL Developer to
connect to Oracle® and query and edit data. You could alternatively use SQL Sheet
(SqlSheet.exe) which can be found in the Autodesk Infrastructure Administrator bin folder.

To view job states:
select * from tb job state;

% 4

[}Query Result =
a E, E’ﬂ % SQL | All Rows Fetched: 4in 0.007 seconds
m |8 nave |[§ oescrierion |[§ mrriaL_sTaTE [ FEATURES EDITABLE | UsE_JoBID

1 1 Liwve {null) 0 [u} ]
2 3 0pen {null) 1 1 1
3 2 Pending (null) 4] a 0
4 4 Deleted (null) 1] a a
To modify the ‘Pending’ state and rename it to ‘Ready for QC’:
update TB JOB STATE set NAME = 'Ready for QC' where ID = 2;

commit; --You need to commit any updates or inserts

To add a new state named ‘QC Completed’:

insert into TB JOB STATE (ID, FEATURES EDITABLE, INITIAL STATE, NAME,
USE_JOBID) values ((SELECT MAX(ID) + 1 FROM TB JOB STATE), 0, 0, 'QC
Completed Priority', 0);

In addition to modifying the TB_JOB_STATE table you also need to maodify the transitions
between states using TB_JOB_STATE_TRANSITION table.

To view job states transitions:
select * from TB JOB STATE TRANSITION;


http://www.oracle.com/technetwork/developer-tools/sql-developer/downloads/index.html
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To add a transition from ‘Ready for QC’ to ‘QC Completed’:

insert into TB JOB STATE TRANSITION (ID, PREDECESSOR ID, SUCCESSOR ID,
TRANSITION DIRECTION, TRANSITION TYPE) values ((SELECT MAX(ID) + 1
FROM tb job state transition), 2, 5, 'F', 'M');

In this update statement, the ID for the ‘Ready for QC’ state is 2 and we’re assuming the ID for
the ‘QC Completed’ state is 5. Query the TB_JOB_STATE table to confirm.

You would also need to add transitions for QC Completed to Synchronization and
Synchronization to Live, and remove the transition from Ready for QC to Live:
delete from TB JOB STATE TRANSITION where id = ?2?7?;

Please note that you should do this work at the beginning of your implementation. At the very
least, make sure all jobs are posted to live before modifying these two tables.

Using Job Tables to Query Inserts, Updates, and Deletes

To synchronize data, we need to know what features were inserted, updated, and deleted in a
job or a group of jobs. SASD chose to use a custom job state named ‘Synchronization’ as a
holding cell for jobs whose edits need to be copied (synchronized) to ArcSDE®.

Assuming we have a feature class named SSLATERALLINE and a job whose ID is 4, we can
guery the inserts, updates, and deletes in job 4 as follows.

First, if you don’t already have function to set a job current, please add:
create or replace
function SETJOB (n number) return number is
begin
INDUSTRYMODELNAME . job3.SETJOB (n) ;
return (n);
end;

In this function, INDUSTRYMODELNAME is the name of your industry model.

Set job 4 current:
select SETJOB (4) from DUAL;
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Since the data is not yet live (via the long transaction process), we need to set the job current to
access the data.

The TB_JOB_VERSION table stores the complete history of every feature. This table contains
a JOB_OPERATION_ID attribute that we can use to determine an insert vs. update vs. delete.

JOB_OPERATION_ID Specifies the job operation ID. Mandatory.
1 = INSERT,
2 = UPDATE,
3 = DELETE

- 1 = Indicates that this feature has already been
existing, at the moment of the job enabling of the
feature class.

To query all SSLATERALLINE features inserted, updated, or deleted in job 4:
Select * from SSLATERALLINE where FID in (select FID from
TB JOB VERSION where JOB ID = 4);

Query inserted features from job 4:
select * from SSLATERALLINE where fid in (select FID from
TB JOB VERSION where JOB ID = 4 and JOB OPERATION ID = 1);

Query updated features (simply change JOB_OPERATION_ID from 1 to 2):
select * from SSLATERALLINE where FID in (select FID from
TB JOB_VERSION where JOB ID = 4 and JOB_OPERATION ID = 2);

How do we query deleted features? Do we simply change the JOB_OPERATION_ID value in
the query above to 3? If all you need is the FID value of the deleted features, this will work:
Select fid from TB JOB VERSION where JOB ID = 4 and JOB OPERATION ID =
3;

However, if you need other attributes for the deleted features, select * from
SSLATERALLINE will return nothing (because they are deleted!). However, if we set the Live

job current, the features are not yet deleted:
select SETJOB (1) from DUAL;

The live job always has an ID of 1. Now this will return the deleted features:
select * from SSLATERALLINE where FID in (select FID from
TB JOB VERSION where JOB ID = 4 and JOB OPERATION ID = 3);

This tracing process using the TB_JOB_VERSION table is critical to knowing what features
need to be synchronized.
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FME® Desktop

In the previous section, we learned how to query the features that we want to synchronize with
ArcSDE®. Next, we need to establish how we are going to do the synchronization work. How
are we going to communicate with both systems and copy data from one AutoCAD® Map 3D to

ArcSDE®? SASD chose to use FME® Desktop from Safe Software for this task.

FME® Desktop can translate between over 300 supported formats. It will translate both
geometry and attribute data. Transformers are used to configure workflows as data moves from

one format to another.

Readers and Writers

FME® can read and write to both AutoCAD® Map 3D (via the Oracle® Spatial Object) and

ArcSDE®.

r ™
f-p Reader Gallery ﬂ
Description Short Name Extensions Type Read Write Coord. Sys. Licensed i
Oracle Nen-spatial ORACLEEI DB Database . . .
Oracle Spatial GeoRaster ORACLERASTER Database . . . .

Oracle Spatial Object ORACLEBI Database
Oracle Spatial Point Cloud ORACLEPOINTCLOUD Database . . . .
QOracle Spatial Relational ORACLE Database . . . (7
05 (GB) MasterMap DMF .grml, xml,.gz File/URL . . . H
05 (GB) NTF NTF .ntf File ' . "
05 VectorMap District OSVECTORMAPDISTRICT .gml, xml,.gz File ' . . -
Search Custom Formats

NEW... ] [ Import... Edit Delete... [ OK ] [ Cancel ] [ Details... ]

A "y
rf-) Reader Gallery ﬁ‘
Description : Short Name Extensions Type Read Write Coord. Sys. Licensed o
Esri ArcSDE Raster SDERASTER Database . . .

Esri ASCH Grid ESRIASCIGRID .asc,.grd File/Directory
Esri Geodatabase (ArcSDE Geodatabase Ra.. GEODATABASE SDE_RASTER_DA... Database

Esri Geodatabase (ArcSDE Geodatabase) GEODATABASE_SDE Databasze . . . .
Esri Geodatabase (File Geodatabase API) FILEGDE .gdb Geodatabasze . . . .
Esri Geodatabase (File Geodatabase ArcOb... GEODATABASE_FILE .gdb Geodatabasze . . . .
Esri Geodatabase (File Geodatabase Raster... GEODATABASE FILE_RASTER_DA... .gdb Geodatabasze . . . .
Esri Geodatabase (Personal Geodatabase) GEODATABASE_MDB .mdb File . . . . -
Search Custom Formats
New... ] [ Impart... ] Edit Delete... [ OK. ] [ Cancel ] [ Details. ..

L

J

Two separate readers are created for AutoCAD® Map 3D — one for inserts/updates and another
for deletes. Remember earlier the need to SETJOB differently for deletes. That’s why we need
two separate readers.


http://www.safe.com/fme/fme-technology/fme-desktop/overview/
http://www.safe.com/
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Reader for Inserts and Updates
Oracle Inserts and Updates
Q@Wyemﬁ%ﬁt}
4 {E} Parameters
":'3'} Source Oracle Spatial Object Service: OSERVICE (Linked to 'ORACLE_SERVICE')
€83 Username: ORACLE_SEWER_DE (Linked to 'ORACLE_INDUSTRY_MODEL")
{E} Password: ™ (Linked to 'ORACLE_PASSWORD")
éa3 Oracle Workspace: <not set>
4 €E§ Advanced
{E} Persistent Connection: Yes
{E} Remove Schema Qualifier: No

0 Lo L L Bl
T e T OO S T AT e R T

€53 WHERE Clause: FID in (select FID from TB_JOB_VERSIOM where JOB_ID = 7) (Linked to 'ORACLE_WHERE_CLAUSE') )
Lot

23 Minimum Y: 0

453 Maximum X 0

{E} Maximum ¥: 0

5% Clip to Search Envelope: Mo

83 Search Envelope Coordinate System: <not set>
éa3 Relationship Te Query Feature: ANYINTERACT
£a3 Relationship Result Test: = "TRUE'

53 Powe To Read At A Time: 200

{E} SQL Statement To Execute Before Translation: select SETIOB(T) from dual (Linked to '"ORACLE_SQL_BEFORE" )

n + T [ P Y < . Lok dset

Using the queries
we learned earlier.

Set the job current.

€53 Handle Multiple Spatial Celurmnns: No

Reader for Deletes

4 Oracle Deletes
: cordinate System: <not set>

4 §E} Parameters

€E} Source Oracle Spatial Object Service: OSERVICE (Linked to "ORACLE_SERVICE')

€83 Username: ORACLE_SEWER_DB (Linked to 'ORACLE_INDUSTRY_MODEL")

€E} Password: **** (Linked to 'ORACLE_PASSWORD"

{53 Oracle Workspace: <not sets

4 ﬁ‘:ﬁ Advanced

{0:} Perzistent Connection: Yes
'E? Remowve S5chema Qualifier; Mo
Eu“.'-\.:u?. Read 20 PobigonsasFaces i

Cﬁ? WHERE Clause: FID in (select FID from TE_JOB_VERSIOM where JOB_ID = 7 and JOE_OPERATION_ID = 39#
cas Whnimum AU
‘5:?3 Minimum Y: 0
‘5:?3 Maxirmum X: 0
‘5:?3 Maxirmum Y: 0
5% Clip to Search Envelope: No
i5% Search Envelope Coordinate System: <not set>
é5% Relationship To Query Feature: ANYINTERACT
£5% Relationship Result Test: = 'TRUE'
£33 Rows To Read At A Time: 200
fﬁ} S0L Statement To Execute Before Translatidn: select setjob(1) from dual
fﬁ} SQL Statement To Execute After Translation: <TOTEELS
£5% Handle Multiple Spatial Columns: Mo

Using the queries
we learned earlier.

Set the Live job
current to get at the
deleted features.
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There’s only one writer for ArcSDE®.

ArcSDE Writer

' !DDF! inate System: <not set>

' ﬁ} Parameters
ﬁE} Destination ESRI Geodatabase (ArcSDE) Dataset: SDE_DB_MAME (Linked to 'SDE_DATABASE"
{23 Server: SDESERVERMAME (Linked to 'SDE_SERVER')

ﬁ} Transactional Version: SDE_VERSIOM_MAME (Linked to 'SDE_WVERSIOM')

{23 Default Z Value: 0
ﬁ} Contains Measures: Mo

§a% Measures Origin: 0

€§§ Measures Scale: 100

4 ﬁ} Advanced

é5% Transaction Type: VERSIONING
éa3 Simplify Geometry: no

Create version in
ArcSDE® and specify here
if ArcSDE® is configured
for versioning.

€85 X Origin: 0

€33 ¥ Origin: 0

{’3} Scale: 0

é5% Contains Z Values: auto_detect Writer assumes

é8% Z Origin: 0 UPDATE. We specify
8 7 Scale:l INSERTS and

{53 Grid1 Size: 0 ' DELETES later.

& Writer Mode: UPDATE
03 Transaction Mumber: 0

Parameters

Parameters are used in FME so that certain information can be fed to FME when running a
batch of synchronization tasks. For example, each job has its own ID and that ID must be fed to
FME to do the synchronization work.

4 {E} User Parameters

4 {E} Published Parameters ! JOBID i
{E} [ORACLE_JOB_ID] Map 3D Job Mumber: 7

{E} [SDE_VERSION] Transactional Version : SDE_VERSION_MAME

{E} [ORACLE_SQL_BEFORE] SQL Statement To Execute Before Translation : select SETIOB(S(ORACLE_JOB_ID)) from dual

£33 [ORACLE_WHERE_CLAUSE] WHERE Clause : FID in (select FID from TB_JOB_VERSION where JOB_ID = $(ORACLE_JOB_ID))

£33 [ORACLE_DELETE_WHERE_CLAUSE] WHERE Clause : FID in (select FID from TB_JOB_VERSION where JOB_ID = $(ORACLE_JOB_ID) and JOB_OPERATION_ID = 3)
{E} [ORACLE_SERVICE] Oracle Service : OSERVICE

£33 [ORACLE_INDUSTRY_MODEL] Oracle Industry Model : ORACLE_SEWER_DB

{E} [SDE_INSTAMNCE] SDE Instance Name : sde:sqlserver:SDESERVERNAME
{E} [SDE_DATABASE] Destination ESRI Geodatabase (ArcSDE) Dataset : SDE_DE_MAME
£33 [SDE_SERVER] SDE Server : SDESERVERNAME
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Key Attribute

In order to update and delete data, we must establish a key attribute that exists in both systems.
We can use the AutoCAD® Map 3D FID (unique identifier) attribute as long as that attribute is
created in ArcSDE® and the values are updated to match AutoCAD® Map 3D’s FID values. In
the case of SASD, we used a pre-existing identifier named GRID_NO which is an identifier
based on the feature’s location in the city grid. A feature rule in AutoCAD® Map 3D assigns this
attribute value its proper value when a feature is created.

Workspace
Workspaces are configured to do the data translation. This is entire workspace:

@ Transformars

Join to the TB_JOB_VERSION tabe = that
vee can det fitsanu

jake or insart

tchas
NULL attribute vahues are nct updsted in ArcSDE.

Oracle Reader: Tnseried and Updsted Festures Separate Tnserts from Updates Y Suppcsedly foed in latest beta,
b SSGRALINSERT (o)
— 'SSGRA..UPDATE INpUT
b A dates] (|  Siner T p st < » oureur @ arcsoE wrter )
\\, INPUT / NPUT v
» iNSERT

» JOINED T
b UPDATE b GEO.s...cSDE] fer) GEO sslateraline

(" Creste stiribute FME_DB_OPERATION vith a valus of TNSERT [

([ Feature Class in AtaCAD Map 3 Enterpriz |

b oaeTEDs
@ Oracle Reader: Deleted Features
— [ The writer is set to UPDATE by defout, but the FME_DB_OPERATION attrbute vl override

b SASD. ke e e
Cl OuTPUT
! » Logger
—— EEE) — )

(_ Creste sttribute FME_DB_OPERATION with 2 value of DELETE )]

Firstly, we read the data from AutoCAD® Map 3D. In this case, it’s just one feature class:
SSLATERALLINE.

Oracle Reader: Inserted and Updated Festures

SSLATERALLINE r'='- b SASD...dates] l-;]-—“"""--..._

Z

| FestureClass in AutoCAD Map 3D Enterpriz |

a Oradle Reader: Deleted Features

[ SSLATERALLNE = ; SASD..cltes] foon |—

Next, we ‘transform’ the data. Specifically we're doing the following:

1. Using a Joiner transformer to query TB_JOB_VERSION to determine if the feature is
inserted or updated.
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2. Adding an FME_DB_OPERATION attribute and values to features that are inserted and
deleted. By default, the ArcSDE® writer will execute an update statement. The
FME_DB_OPERATION attribute will control the writer statement type.

g to the T CERNERS 10N L akial o it [ Create sttribute FME_DE_OPERATION with 2 valus of INSERT ]
we can determine ififs an updak orin=rt \I’
V [ Seperate Inserts fmm Updates

b \_q_. \ /‘b OUTPUT
(b JOINED /. INSERT —

b UPDATE |
<UNFILTERED: Ij,-

[ Keep only the GR]D NO stirbute |

A OL!TPL!T s A CUTPUT

|GRID_NO J | GRID_NO } 5
i:_ﬁne_d...ﬁliu'l P‘ L
[ Create attribute FME_DE_OPERATION wiith 2 value of DELETE ]

3. Writing to ArcSDE® is the last step.

MNULL sttribute values are not updated in ArcSDE

Gotcha:
Supposedhy fuced in latest beta,

If The wiriter is set to UPDATE by default, but the FME_DE_OPERATION attrbute wil override

INPUT ]

10
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Executing The Synchronization Workspaces

These workspaces can be run in command line batch mode, thus eliminating the need to ‘open’
FME Workspace each time. A parameter file is configured and then FME.exe is executed with
the parameter file as an argument. Please see the following FME® article on batch processing:

http://fmepedia.safe.com/articles/[FAQ/FME-Batch-Processing-Methods-Advantages-
Disadvantages

Conclusion

FME® Desktop can be used to translate data between disparate data sources. For SASD,
FME® Desktop is used to synchronize ESRI® ArcSDE® with AutoCAD® Map 3D Enterprise.
Using the job tables and queries discussed earlier, FME® can be configured to read job edits
and translate those edits to ArcSDE.

11


http://fmepedia.safe.com/articles/FAQ/FME-Batch-Processing-Methods-Advantages-Disadvantages
http://fmepedia.safe.com/articles/FAQ/FME-Batch-Processing-Methods-Advantages-Disadvantages
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