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ArcToolbox — geoprocessing environment
Integrated in ArcGIS

@ Setting and executing batch processes
@ Accessible from ArcCatalog and ArcMap
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ArcToolbox — geoprocessing framework
@ Single processes dll
o Chained workflow processes

|D:\U C2004_dematSt_Davids_sample0SCAR AMAISLINES, 2

Output Feature Class

- [50C2004_demotSt_Davids_sampleAOSCER AMAOSLINES
E arcTaalbe
H Simplification Algarithm
[+-5g@ 30 Analyst Tools [BEND._SHPLIFY |
Ela plnall:l,lsﬁ T|:||:||5 Simplification Tolerance
: Reference Baseling
% E.':':.'tr'EIEt I 25 IUnkann j

EI--& Crverlay

E [¥ Resolve topological errors {optional) .
..... rase _l
..... ]1‘ Ile-'I'ItIt‘:.-' I [¥  Keep collapsed points (optional) I _ILI
4 b

----- Inkersect _

}3’ S t | J . Ok Cancel Enviranments... | Show Help >> |
""" patial lain
----- #* Symmetrical Difference .
..... Unrion = bldgcings region.bldgsim

""" }3’ Update = [ bldacné region. bldasim
EEI--& Proimnity

Eﬂ"& Skatizkics 2lSwoothLine OSLine OutLine PAEK 30 FIXED CLOSED ENDPOINT]

[+-ig@ Conwversion Tools
S N - —_ '

s=gen_building =10 x|
Model Edit Wiew ‘Window Help

o & &[mle $| o] @losie] s

. . [ ey S T RS R T ———

F )E Bufidi # L b petery Sw - =nmnn
e ing Build ; [ righis Sotanaen et

bldg bldgCov Simplification2 M bldgsimA I® the. = - .

. . 2= 5 i ',_:. - &

Suct bldgA_400 Featﬁ;ern = | (Rt o i 1
— = - = = I
fut

T
[



Generalization toolset in ArcToolbox

Significant step in the provision of generalization

Operating on geodatabase features (vs. traditional coverages)
Discovering topological relationship on the fly

Using TIN for neighbor feature analysis
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Topology In generalization

Geodatabase features - stored as independent geometries

May not necessarily have vertices or endpoints at
connections, intersections, and shared segments

Different levels of requirements — speed vs. data integrity
Tools - to analyze and preserve embedded topology
Options - to detect and resolve introduced topology errors

Options in Simplify Line and Simplify Polygon tools:

NO_CHECK (no check for violation of topology)

PRESERVE_SHARED (preserve embedded topology and flag introduced
errors)

RESOLVE_ERRORS (preserve embedded topology and resolve
Introduced errors)



Preserving embedded (implicit) topology

@ Connectivity — shared nodes in linear network

Network input

NO_CHECK
Shared nodes were ignored
— causing overshoots,

undershoots, and displaced
connections

PRESERVE_SHARED
shared nodes were
detected and preserved
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@ Adjacency - shared boundaries in polygons

NO_CHECK

Shared boundaries
were ignored —
causing inconsistent
simplification

B
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PRESERVE_SHARED

Shared boundaries
were preserved,;
new errors flagged
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RESOLVE_ERRORS

Shared boundaries
were preserved,;
new errors resolved

Output



@ Grouping — connected polygons to be treated as one object
Measure of the total area for a group of connected polygons
The standard query by area or size doesn’t have this option.

Analysis of the configuration of connected buildings
They are to be processed differently in simplification.
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Handling introduced spatial conflicts

_______________________________

o Flagging involved features
o Resolving errors progressively

Line-crossings
after simplification

Problems

Original resolved



TIN-based generalization

@ TIN-based generalization as proven effective technique (Jones et
al 1995; Peng 1997; ...)

o TIN functions accessible in ArcObjects

Aggregation of polygon features Finding clusters
Reconstructing new polygons

Excluding small areas and holes

NON_ORTHOGONAL



Derlvatlon_ of road centerlines Other styles:
(focusing on open-ended) Closed-ended
& (pavement polygons);

| Mixed
Excluding street blocks (highway with
Excluding open areas \@ /'f crossings and ramps,

railroad tracks)

Open areas \/_i(“: Street blocks
\ Ty

D




Identifying and analyzing junctions and out-of-range roads

S in the remaining space

eriving centerline
! é III I




Quality and status information

o Tracking feature conflicts

HFSLAND |ADMIN_FO| HFE_AD| Shape_Length Shape_Area InPnhr_FlD/ SimPI;rFIﬂE._E
3936 |Santa Fe  |Y Gr173 372750377 | 283730293 4164 \1 1
3341 |Santa Fe  |Y 450491 29490264 | 3606204303 905 X 1
3930 |Santa Fe  |Y SE543 354729772 | 1871326358 2375 10 \_/ﬁ
3929 |(Santa Fe  |Y 304232 87640393 | 26401080680 955 g ]
3473 M 58065 964633953 | 166554934 5164 S ]
3457 ] G295 991230405 | 206296014 1043 ]

Shape_Area InBld_FID BLD STATUS | BLD_GROUP
1586.31 V16395377 a4 1 [III
485 577059730464 a5 1 \III
1426 27573647369 346 1 k
S22 7190695362356 ad7 1 ]
1017 081825358781 435 1 1]
452 770936360363 431 1 1]
1342 08976997045 518 1 1]
S3287 99287264462 513 1 1]
27T 31582456626 o220 1 ]

Too many flags indicates either tolerance too large or high congestion
— consider smaller tolerance or different generalization operations
(elimination, aggregation, collapse, etc.)



@ Categorizing generalized features and their status

Building simplification status

Simplified single
building

Special case (single building being kept
based on min_area, but containing side < tol.)



Classifying line types and their status

) =/
Connecting
line without
clear left and
right casing

IDsS

Derived
centerline

Unconnected

junction A.




@ Linking output features to input (1to 1; 1 to N)
& Maintaining metadata and logging processes (history models)

LeftLn_FID

OBJECTID * Shape * Shape_Length LnT“ype RightLn_FID
1048 [Palyline 33B.201553214012 1 MSD'I /Gﬂ
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1051 |Palyline 33384432271 8054 1 B05 E39
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1033 [Palyline 86 2261009397652 1 Eas =
101 & |Palyline 324 63981 3360434 1 529 -
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Geoprocessing History:

Process:

*Process name: Intersect_11

*Date: 20060425

*Time: 1558358

*Tool location: C:“\Program FilesharcGISYArcToolboxhToolbe
Tools. thM\Intersect

*Command issued: Intersect "bldgSkK #;ctrinSk_F2P #"
CihwGenResearchyProductionMapshadask. mdbhautoCartolehb
DMLY _FID # INPUT

Process:

*Process name: SimplifyBuilding_1

*Date: 20050505

*Tirme: 142927

*Tool location: C:“\Program FilesharcGISYArcToolboxhToolbe
Management Tools. th\SimplifyBuilding

*Command issued: SimplifyBuilding "C:\GenData\other

----- oo Histary of 042706 04:37:21 PM j -
= o History of 04/27/06 10:01:39 pM &
-wrm History of D4/28/06 01:13:11 PM

General I File s History of 04/28/06 01:40:38 PM |
lieaprocessing | lables | Raster | LoD | Datainteroperability
~ [aeneral

[V Ovenwite the outputs of geoprocessing operations

¥ Log geoprocessing operations to a history madel

~ My Toolbowes
Specity the location of the My Toolboxes' folder:

C:\Documents and Settingsdanlapplication DataE SR g

data\productiontMapshydata pgdb.mdbhculturetbldgBE_Int" "C:\GenDatayother
data‘productionMapshdata pgdb. mdbhculturehbldgBE_Int_s25" "25 Feet" "0

Lnknown" MO_CHECK
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10N scenario

Generalizat

Iple hydrographic features
Input
stream lines, wider rivers

@ Preserving connectivity while simplifying
mult

and lake polygons
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Geoprocessing model — Simplify Multi-Hydro Features

# Z
Feature
To Line Merge

,— S

Simplify
Line

Fe ﬂl‘lf:E To
Folygon

#

Feature
To Point




Line crossing
flagged

Merged lines simplified with
PRESERVE_SHARED

Result of
RESOLVE_ERRORS




Output:
simplified stream and river lines
and restored lake polygons



Generalization scenario 2

@ Partitioning and generalizing buildings

Selecting roads and forming polygons as partitions (Feature To
Polygon);

Overlaying large buildings with partition polygons (Intersect)
— buildings in each partition carry a unigue partition ID;
Selecting buildings by partition ID;
Aggregating buildings;
Simplifying aggregated buildings;
Evaluating results (flagged conflicts)



Selected by a partition ID (small buildings ~ Simplified with conflicts flagged - hint for
already eliminated); then aggregated. displacement or adjustment of parameters.



Future directions

o Extend self-contained processes to involve additional
spatial context and constraints

@ Introduce an optimization mechanism for generalization

Optimizer — a research and development project
underway

a@ Optimizing both map content and legibility while
conserving map accuracy, geographic characteristics,
and aesthetic quality

a@ Constraints with associated actions
@ [terations against the measures of satisfaction

@ Simulated Annealing technique — gradually lowering
notional “temperature”



Optimization of displacement

Initial stage

Displacement without barriers Displacement with barriers




Satisfaction graph — constraints and “temperature”
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Conclusions

@ Continue designing and enhancing generalization
tools with more flexibility, feedback, and
Integration (batch and follow-up)

a Derive and formalize generalization workflows
(models) to reach higher productivity

@ Address contextual generalization through
optimization
@ Develop methods to derive context space
@ Establish constraints and measures of satisfaction
@ Define and prioritize rules and actions



