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Introduction

AWho are:

AGao: Lead developer with Raster team
AHong: Lead product engineer with Raster team
ARobert: Product engineer with Raster team

AYou are:
ARaster and imagery software developers?
AC++/.NET/Java developers who want to understand raster?
AGIS Analysts who work with raster data?



Schedule

Please!

Turn OFF cell phones
and paging devices

Alntroduction of raster data model in ArcGIS

AUse cases for developers
I Accessing and displaying raster data
I Creating raster data using pixel blocks
I Processing raster data
I Loading raster data to a geodatabase
I Accessing raster data from services

AQuestions/Comments

Please complete the session survey!
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ARaster datasets

I Formats (TIFF, GRID, JP2, and etc.)
AExtensible by creating a GDAL driver
Ahttp://edn.esri.com/index.cfm?fa=downloads.detail&downloadld=204

I Geodatabase raster (Personal, File, and SDE)

ARaster catalogs
I A collection of raster datasets
I Managedd store pixels in the geodatabases

I Unmanagedd rasters still reside in the file system
APersonal and File Geodatabases only
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Almage service
I Provide access to a single or a collection of images over LAN or HTTP
I Can be published from any raster dataset
I Or a compiled image server definition file

AWCS service
I Serve raster data based on OGC WCS standard
I Enabled from map service, geodata service, and image service

ABoth can be used similar as a raster layer
I As an input for GP tools
I Support Data Export dialog



Developer view of raster capability in ArcGIS

Workspace — RasterCatalog

> RasterlLayer
I GdbRasterCatalog
| a R -LLayer RasterRenders:
RasterDataset |———> RGB, Stretch
Classity, Colormap
| Unigue Value
WCSLayer n Discrete Color
Rasters = < |mageServerlayer
PixelBlock: -
GeodataxXkEoerm
Rasterl.oader ImageServer
PixelFilter

RasterCatalogl.oader



Presentation Outline

Alntroduction of raster in ArcGIS

AUse cases for developers
I Accessing and displaying raster data
I Creating raster data using pixel blocks
I Processing raster data
I Loading raster data to a geodatabase
I Accessing services



Access and Display Raster Data

AOpen raster dataset or a raster catalog
ADisplay raster dataset

Workspace fgmm{ RasterCatalog >
| < 1 -Layer
RasterDataset |——> RGB, Stretch
- Classify, Colormap

Unique Value
I——> WCSLayer Discrete Color
Raster,

RasterLayer
GgbRasterCatalog

RasterRenders:

“— | ImageServerliayer
PixelBlock: =

GeodataXkorm

Rasterl.oader, ImageServer

PixelEilter,
RasterCatalogl-oader



Opening Raster Dataset or Raster Catalog

IRasterWorkspaceEx ©

Workspace
IRasterWorkspace ©

// open a raster dataset from file system
IRasterWorkspace workspace ;

IWorkspaceFactory wFactory = new RasterWorkspaceFactoryClass 0;
workspace = (IRasterWorkspace) workspaceF actory.OpenFromFile(@"c:

IRasterDataset ras ter DS = workspace .OpenRasterDataset  ("redlands.tif");
Or

I/l open a raster dataset from File geodatabase
IRasterWorkspaceEx workspace ;

\ temp", 0);

IWorkspaceFactory wFactory = new FGDBNorkspaceFactoryClass 0;

workspace = (IRasterWorkspaceEx) wFactory.OpenFromFile(@"c: \ data. gdb", 0);
| RasterDataset ras ter DS = workspace .OpenRasterDataset("airphoto");

IRasterCatalog ras ter Catalog=  workspace .OpenRasterCatalog ("DRGs");




RasterLayer

Dis P | ayl ng IRasterLayer
Raster Datasets - CreateFromDataset (RasterDataset):IRasterLayer

-« CreateFromRaster(Raster): IRasterLayer
Renderer:IRenderer
e é

AUse RasterLayer and RasterRenderer

IRasterLayer rasterlayer = new RasterLayerClass  ();
rasterlayer.CreateFromDataset rasterDataset;

rasterlayer.Renderer = renderer;
mapControl.FocusMap.AddLayer rasterlayer

AA RasterLayer contains a raster renderer
AA default raster renderer is created



- - GdbRasterCatalogLayer
DI S p I ayl N g IIGdbRasterCatalogLayer

RaSter Cata.l 0) g ) <+ Setup (Table as ITable): IGdbRasterCatalogLayer

=a Renderers : |Array
e é

ACreate a GdbRasterCatalogLayer
I IGdbRasterCatalogLayer::Setup

ARaster catalog layer contains a renderer array
I ArcGIS picks the proper renderer for each raster
I The renderer can be modified

IGdbRasterCatalogLayer catalogLayer=ne w GdbRasterCatalogLayerClass
catalogLayer.Setup(RasterCatalog);

catalogLayer.Renderer = RendererArray;
mapControl.FocusMap.AddLayer catalogLayer




Demo

AOpen and display a raster dataset
AOpen and display a raster catalog



Creating raster data

ACreate a raster dataset
AWorking with pixel blocks

v

WHILE L) — RasterCatalog

b

Rasterlayer
GgbRasterCatalog

-lLayer RasterRenders:

[*
RasterDataset |-——> RGB, Stretch
_> Classity, Colormap

Unique Value
WCSLayer Discrete Golor

SERICIAN «— | [mageServerlayer.

PixelBlock | \

GeodataxXkorm
Rasterl.oader, ImageServer
PixelEilter,
RasterCatalogl-oader



Creating Raster Dataset

ACreate file based raster using IRasterWorkspace?2

I Specify row/column/extent [ L[]
i Created with default pixel values EEEEEE

rasterDs = ws.CreateRasterDataset( fileName,"TIFF",origin,Width,Height,

column , 1, pixelType, sr, true);

ACreate GDB raster dataset using IRasterWorkspaceEx
I Set GDB storage properties .
i Populate pixels through mosaic l
I Or redefine extend and write pixels



PixelBlocks

Raster
IRaster

—

RasterDataset

AAllow low level access to pixel data

< CreatePixelBlock(size):IPixelBlock

IRasterEdit
<+ Write (tlc, PixelBlock)

ACreating PixelBlock -
ixelBlock
o : ixelBlock3
i Create Raster first S DT

I Create PixelBlock from Raster

IRaster raster = rasterDataset. CreateDefaultRaster
IRasterProps rasterProps = (IRasterProps)raster;
IPnt blocksize = new Pnt

blocksize.PutCoord(rasterProps.Width, rasterProps.Height)
IPixelBlock3 pixelblock= ( IPixelBlock3) raster .CreatePixelBlock (blockSize);




Access and Write Pixel Values

AlRaster::Read reads pixel values to pixel block
AEditing pixel values
AlRasterEdit write pixel values back to raster dataset

Raster.Read(tlc, pixelblock);
System.Array pixelArray = (System.Array)pixelblock. get PixelData (0);
pixelArray(i,j) = 10; // edit or modify pixel values

pixelblock.set_PixelData(0, pixelArray);

IRasterEdit rasterEdit = (IRasterEdit)raster;

rasterEdit.Write (tlcorner, pixelblock);
System.Runtime.InteropServices.Marshal.ReleaseComObject(rasterEdit);




0 PIXelblQ RaSte 0
Raster RasterCursor
IRaster2 IRasterCursor
=8 PixelBlock: IPixelBlock ,
< CreateCursorEx(IPnt: Size) < Next PixelBlock
:IRasterCursor =8 TopLeft: IPnt
< Reset

IRaster2 raster2 = (IRaster2 ) raster;
IRasterEdit rasterEdit = (IRasterEdit)raster;
IRasterCursor cursor = raster2. CreateCursorEx (blockSize);
IPixelBlock3 pixelBlock;
IPnt tlICorner ;
do {
pixelBlock = (IPixelBlock3)cursor. PixelBlock ;
//[do something with the pixel block
tiCorner = cursor.TopLeft;
rasterEdit.Write(tlCorner, pixelblock);
} While ( cursor. Next ==true)



Demo

ACreating a raster dataset and populate pixel values



Processing raster data

Workspace|—— RasterCatalog

> Rasterlayer
: GgbRasterCatalog
- A -LLayer RasterRenders:
" RasterDataset |——> RGB, Stretch
Classify, Colormap
Unigue Value
|—> WCSLayer

n Discrete Color:
SCEICIN «— |mageServerliayer
PixelBlock: - \

GeodataX orm

Rasterl.oader

ImageServer
PixelFilter }

RasterCatalogloader



Raster

AVirtual representation of a raster dataset

ACreate a Raster

I IRasterDataset2.CreateFullRaster
Alnherent the properties from raster dataset

I IRasterDataset.CreateDefaultRaster
AContains 3 bands (RGB)

ASet properties using IRasterProps
I Extent/width/height
I Spatial reference
.
I SaveAs to persist the change

Raster

IRasterProps
B8 Extent: IEnvelope

B8 Hejght:Long
=& NoDataValue:Variant
=8 PixelType:RstPixelType

B8 SpatialReference: ISpatialReference
=-8\Vidth: Long
<= MeanCellSize:IPnt

ISaveAs
<4 SaveAs (Name as String, ws as
IWorkspace,format as String)



Raster

Raster SaveAs

|ISaveAs?2

<— SaveAs (Name, workspace, Format): IRasterDataset

<« SaveAsRasterDataset (Name, workspace, Format,
StorageDef) IRasterDataset

ASaveAs can save to many formats

i GRID, IMAGINE, TIFF and geodatabases
i JPEG, JP2, PNG, BMP, GIF

I PCI, RST, PCRaster, HDF4, ENVI

ASaveAsRasterDataset can control storage properties
I Set compression types
I Pyramids
I Tile sizes and so on



Geodata Transformations

Geodataxform

IGeodataXform o IGeodataxform : IlUnknown

[@4[6]a SR | & 50mains: IGeometryCollection
A B—|sldentity: Boolean
LTRSS | 1spatialReference: ISpatialReference

IPersistStream Transform (in Direction:

esriTransformDirection, in npoints: Long, in
points: WKSPoint)

TransformCellsize (in Direction:

esriTransformDirection, in dx: Double, in

dy: Double, in pAreaOfinterest: IEnvelope)

TransformExtent (in Direction:
esriTransformDirection, in pExtent:
IEnvelope)
TransformPoints (in Direction:
esriTransformDirection, in pPoints:
IPointCollection)

RPCXform . PolynomlaIXform . -

CustomXform
N\

AdJUStXme . CoordlnateXform e e
Sp"nexmfm . GCSShlftXform

ASupport many geometric transformations
I Polynomial, RPC, and so on

ACustomizable

I Create custom Xform by implementing the required interfaces



Performing Transformations

RasterDataset Raster

IGeoDatasetSchemaEdit2

—-u GeodataXform IGeodataXform
AlterGeodataXform NS GeodataXform eSS w0 GeoTransformations:
IGeoTransformationOperationSet
(IGeodataXform xform) B— RasterDataset: IRasterDataset
B— RasterXformer: IRasterXformer

AApply to a Raster using IRaster2::GeodataXform
I Transform extent and cell size
I Then set width/height
I SaveAs

APersisted with dataset
I IGeoDatasetSchemaEdit2::AlterGeoDataXform
I *.aux.xml file for file based raster, internal for GDB raster



Pixel Filters PixelFilter

IPixelFilter : lUnknown et | |PixelOperrtion : IUnknown
<€ Filter (in pBlock: IPixelBlock) Filter

| _
I I I |
RasterConvolution Pansharpening RemapFilter CustomFilter
Filter Filter
N\ . U

AN\
ASupport many types of filters
I Convolution, Remap, PanSharpening, and so on
ACustomizable

AApply on Raster using IPixelOperation

e e

//Create a convolution filter

IRasterConvolutionFilter filter = New RasterConvolutionFilter
|IStockConvolutionFilter myFilter = (IStockConvolutionFilter)filter;
filter. Type = esriRasterFilterSmoothing3x3;

[/Apply to Raster using IPixelOperation::Filter

IPixelOperation pixelOp = (IPixelOpeation)raster
pixelOp.Filter = myFilter




Demo

ACreating a Custom Xform
I SimpleXform, rotate based on a pivort point

AApplying this dll in displaying raster data

A Pictometry data support



Loading raster data to a geodatabase

ALoad a raster dataset
ALoad a raster catalog

RGB, Stretch

RasterDataset
Classify, Colormap

Unigue Value
|_> WCSLayer, Discrete Color
Raster: < |mageServerlayer

GeodataXkoerm

} ImageServer
PixelEilter,
s i

_' RasterCatalog > RasterLayer
| GgbRasterCatalog
| : . -Layer RasterRenders:

PixelBlocky~




Load Raster Dataset

Al. Create an empty raster dataset
I Using IRasterWorkspaceEx::CreateRasterDataset
I Define spatial reference with IRasterDef
I Storage parameter with IRasterStorageDef

IRasterStorageDef rasterStorageDef =new RasterStorageDefClass 0;
rasterStorageDef.Origin = origin;

//set compression to JPEG 25

rasterStorageDef.CompressionType =
esriRasterCompressionType.esriRasterCompressionJPEG;

rasterStorageDef.CompressionQuality = 25;

//set spatial reference to GCS_WGS_1984
IRasterDef  rasterDef =new RasterDefClass ();

rasterDef.SpatialReference = CreateSpatialReference(4326);

//create raster dataset

IRasterWorkspaceEx ws = SDEConnection;

IRasterDataset ds = ws.CreateRasterDataset ("mosaic",1,
rstPixelType.PT_UCHAR,storeDef, "DEFAULTS", rasterDef, null);




L O a d Ra ) t er Dat a S IRasterLoader

m-1Background::Variant
B Foreground::Variant

B MosaicColormap::rstMosaicColormapMode
: B PixelAlighmentTolerance::Double
A2- |\/|08aIC raSter datas etS ~*= Load (out rasterDataset, in rasterArray)
i Resolve Overlapping area <+ | oadRasters (out rasterDataset, in raster)
I Process background
I Shift/resample if cells are not aligned
I Change raster property

IRasterLoader rasterLoader = new RasterLoaderClass

//set background to ignore
rasterLoader.Background = 0;

//[set  tolerance so that it shifts if there is a cell misalignment

rasterLoader.PixelAlignmentTolerance =0.5;

//mosaic
rasterLoader.Load(dataset, input Raster );




OBJECTID®| Shape® | Haster Mame |
Load RaSter Ca‘talog Polygon Raster dem_|[L.tif

k
J 2 Polygon Razter dermn_Ir if
J 3| Polygaon Raster dem_ultif

4 Polygon Razter dermn_ur. tif

ACreate a raster catalog
I Use IRasterWorkspaceEx::CreateRasterCatalog
I Specify the required fields: OID, name, shape, and raster
I Supports adding any other fields

/[raster field
IField2 field2 = new FieldClass();
IFieldEdit2 field2Edit = (IFieldEdit2)field2;

field2Edit.Name_ 2 = "RASTER";
field2Edit. Type_2 = esriFieldType.esriFieldTypeRaster

IRasterDef rasterDef = new RasterDefClass  ();
rasterDef.SpatialReference = CreateSpatialReference(29714);
rasterDef. IsManaged = true ;

field2Edit . RasterDef = rasterDef;




Load Raster Catalog (Cont e)

ABasic Loading
I Similar to inserting feature to a featureclass

I Create a Feature
I Set raster field with IRasterValue
I Specify storage parameter with IRasterStorageDef

IFeatureClass featureClass = (IFeatureClass)catalog;
IFeature feature = featureClass.CreateFeature();

/Icreate and set raster value

IRasterValue rasterValue = new RasterValueClass  ();
rasterValue.RasterDataset = dataset;
feature.set_Value(catalog.RasterFieldIndex, rasterValue);

feature.Store();




L O a d R a s t er C a t a | o) RasterCatalogLoader

Background: Variant
ConnectionProperties: IPropertySet

Foreground: Variant
Projected: Boolean

AB atC h I O ad I n g StorageDef: IRasterStorageDef

Transformed: Boolean
Workspace: IWorkspace

| Load from a d | reCtO ry Load (in catalog: String, in Directory:

String, in pCancelTracker: ITrackCancel)
LoadDatasets (in catalog: String, in

I Control projection on-the-fly Fiackancay” " PeencetTacker
I Control geodata transformation
I Specify storage parameters for all the rasters

IRasterCatalogLoader catalogLoader = new RasterCatalogLoaderClass 0;
//set workspace where raster catalog resides
catalogLoader.Workspace = workspace;

//maintain spatial reference of the input raster
catalogLoader.Projected = false;

//set storage parameter

catalogLoader.StorageDef = storageDef;

/lload
catalogLoader.Load(catalogName, folder, null);




Demo

ALoad raster with a background
ALoad raster with filter



Accessing Image Service and WCS Service

Workspace|— RasterCatalog > RasterLayer
: GgbRasterCatalog
| > \ -LLayer RasterRenders:
RasterDataset |———' RGB, Stretch
Classify, Colormap

Unigue Value
| : N oSLay | Discrete Color.
Raster  hal iImageServerLayer |

GeodataXkEorm

PixelBlock -

Rasterl.oader

PixelFilter,

ImageServer }

RasterCatalogl-oader,



Access WCS service

AWCSLayer class

I Create WCS layer from URL
I Get raster from WCS layer

yd

e

IWCSLayer wcsLayer=new  WCSLayerClass ();
wcsLayer.Create(wcs_URL, coverageName, wcsVersion);
Map.AddLayer ((llayer) wcsLayer ) ;

IIWCS layer is a type of raster layer
IRasterLayer rasterLayer = ( IRasterLayer )m_wcsLayer;

//get raster from the layer and set the extent
IRaster raster = rasterLayer.Raster;




Access Image Service

AlmageServerLayer class

I Create image server layer from URL
I Get raster from the image server layer

yd

e

lImageServerLayer isLayer = new ImageServerLayer ();
isLayer.Initialize(imageservice_URL);

I/l Get raster from the layer

IRaster raster = isLayer.Raster();

IRasterProps rasterProps = (IRasterProps)raster();
rasterProps.Extent = envelope

ISaveAs saveas = (ISaveAs)raster;

saveas.SaveAs( Ai magecl|l i pd GDEB®




Using ImageServer Object

AlmageServer : Handle request
AlmageServicelnfo: Return image service information
AGeolmageDescription: Define what to request

AlmageType : Define the format used in transmission
AlmageResult : Define how the request is returned

lImageResult result  =imageServer.Exportimage ( iImageDescription, imageType)




Demo

AExport from WCS service
AAccess image service
AUsing image service SOAP API



Summary

AWe have covered:
I Access and displaying your raster data
I Creating raster data with pixel blocks
I Custom capabillity of geodataXform and pixel filter
I Loading geodatabase raster data
I Working with WCS service and image service



