


Python: Building Geoprocessing Tools

Being able to build a geoprocessing tool from Python is a fundamental building block for adding your own
custom functionality into ArcGIS. Join us as we step through the process of taking your Python code and
turning it into fully functional geoprocessing tools. Both script tools and Python toolboxes will be explored.
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‘ Putting it together ’
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Why we build geoprocessing tools  Generate Foints Along Lines

® Input Features

I -

% Output Feature Class

I -
- Your work becomes part of the geoprocessing R
framework :
Percentage (op| CEOPrOCESSING
L © Generate Points Along Lines
- Easy to access and run from within ArcGIS e End Fenerate Foinis Along Hnes

Parameters | Environments

Familiar look and feel

* |nput Features

Make a mistake?
- Re-run from the previous result

* QOutput Feature Class

Point Placement
Distance

Run from anywhere you can run a tool
- Run from Python, ModelBuilder, a service Unknown

|:| Include End Points

5, Distance

Supported in multiple products

No Ul programming




Tool Recipe

- A geoprocessing tool is made from 3 main ingredients

import arcpy

Generate Points Alang Lines Properties

eral urce Parameters  Validation Help

1. Parameters ——

¢ input Features Feature Layer

Output Feature Class

class Toolbox(object
def _ init_  (self

self.label =

- N Point Placem: N
2 P aram et er va I | d atl on o Generate Poits Along Lines Properties “elf.alins
. Percentage . o ) .
# List of toal classes assoc th this toolbox

Include End § ral  Source Parameters Validation Help
] self.tools = [Calculate

import srcpy

3. Source code to be executed

s for validating a tool's parameter valt

class CalculateSinuosity(object):
def init (self):
self.label "Calcula
self.description i

Property the behavior of the tool's dialog.™""
Type import os
Direction inport sys
— import arcpy
alue

Default
Environment def convertPoints():
b arcpy.env.overwriteQutput = True

def getParameterInfo(self)
"""Define the tool ( name name of the clas

in features = arcpy.Parameter(
displayName:
name="in_featur
datatype="GP
parameterTyps
direction="Tr

inPts = arcpy.GetParameterAsText(8) # Input point FC
outFeatures = arcpy.GetParameterAsText(1l) # OQutput FC
To add a new pa IDField = arcpy.GetParameterAsText(2) # d
name column, dig sortField = arcpy.GetParameterAsText(3)
then edit the Par. = closeline = arcpy.GetParameterasText(4) Lose Line or Leave Open
if IDField in ["", "#"]: IDField = None in_features.Filter.list
if sortfField in [*", "#']:
cursorsort = IDField sinuosity field = arcpy.Parameter(
: displayName: Field"
name= i
datatype
parameterType=

if IDField:
cursorSort = IDField + ";" + sortField

cursorsort = sortfield

close None
if isinstance(closeline, bool):
if closeline.lower() == "fa
close = False
else:
close = True

sinuosity_field.value

out_features = arcpy.Parameter(
displayName:
t_f

convertPointsToline(inPts, outFeatures, IDField, cursorSort, close)

getZi(propType, hasMz):

enwvalue = getattr(arcpy.env, propType).upper()
out_features. parameterDependencies = [in features.name]
if enwalue in ['ENABLED', 'DI D']: out_features.schema.clone = True
return envvalue -

els

if hasMz: parameters = [in_features, sinuosity field, out_ features] '




The geoprocessing tool

Split By Attributes

Input Table

I ecology [~ |

Target Workspace
C:\Users\davi4075\Documents\ArcGIS\Default.gdb

Python code

Tool-specific behaviors

[ ]Eco_cope
ECOREGION
[ ] MHT_coDe

[ ] c200_REGIO
[ ] Gzoo_num
|:| geocompID

[ ] shape_Length
[ ] shape_Area

Receive arguments

Tool messages
Progressor
Cancellation behaviors
Send arguments

1.
2.
3.
4,
5.

Select All Unselect All Add Field .
import arcpy

Validation

# More code

Cancel Environments... Show Help >>

1. Update parameters
2. Internal validation
3. Update messages



peoprocessing Tool Commandments

Thou shall ...
Have unigue parameter names within the tool
Keep the cost of validation to a minimum
Always have an output, even if it must be derived
Populate all output data elements within validation
Not test the validity of any derived value within validation
Have a coded value domain for every Boolean
Test the function from a script, a model, a dialog, and the command line




A couple more...

- Default values should not raise errors

- Parameter ordering patterns:
Input datasets
Output datasets ——* Required
Other

Input datasets
Other

Output datasets
Derived outputs

S R A







Script tools vs Python toolboxes

General Source FParameters Validation Help

Display Name
n Input Features Feature Layer
Qutput Feature Class  Feature Class
Point Placem -
Distance Generate Points Along Lines Properties

Percentage

- Using Python, we can build tools in two ways: o Sarce P Vot 1

import arcpy
Click any parame:
Parameter Proj class ToolWValidator (cbj I
"""Class for walidating a tool's parameter walu
Property the behavior of the tool's dialog.™™"

Script tools e e o

def _ init | import sys
Direction nnmget impF:;rt ;izpy
Multivalue self.p -
Default L
Environment :nt;:_t: def convertPoints():
= arcpy.env.overwriteOutput = True

e Source is Python o e

= arcpy.GetParameterAsText (@)

0 self.p outFeatures = arcpy.GetParameterAsText(1l) # Output FC
lll add a new pa self.p ield = GetP terasText # Feature Field
(] Pa a ete S th O h a d To add a new pa 5'_‘ IDFie arcpy.GetParameterAsTe eature Fiel
r r r u WIZ r name column, di self.p sortField = arcpy.GetParameterAsText # Sort Field
then edit the Par self.p closeline = arcpy.GetParameterAsText(4) # Close Line or Leave Open
A - S - self.p
« Validation is Python (stored in toolbo ¢ torsetd in )+ )s Torses -
I I n I n r In X id fie if IDField in ["", "#"]: IDField = None

id_fie if sortfield in ["",
id_fie cursorSort = IDField
else:
self.p if IDField:
cursorSort = IDField + + sortField
else:
cursorsort = sortField

close = None
if not isinstance(closeline, bool):
if closeline.lower() == "fa
close = False
else:
close = True

convertPointsTolLine(inPts, outFeatures, IDField, cursorSort, close)
getZM(propType, hasMZ):
envalue = getattr(arcpy.env, propType).upper()

if envvalue in ['ENA
return envWalue

if hasMz:



Script tools vs Python toolboxes e oy

class Toolbox(object):
def init_ (self)
fine the tool he name o he toolbox is the name of the
t file)

self.label =
self.alias

- Using Python, we can build tools in two ways: it toeks < [calestmteninaonieyy | ot

class CalculateSinuosity(cbject):
def _ init_ (self)
self.label
self.description

Python toolboxes

getParameterInfo(self):
"""Define the t

e Source | S Python in_features = arcpy.parancter

displayName="1
name="1in_fe

« Parameters are Python
« Validation is Python

direction="Input™})
in_features.filter.list = ["Polyline™]

sinuosity field = arcpy.Parameter(
ity Field"|

. direction="Input")
S Wh I C h d O I u S e? sinuosity field.walue

- “Atool is a tool” Cplaane-"cLtp Festores”)

datatype="GPFe
parameterType=
direction

out_features.parameterDependencies = [in_features.name]
out_features.schema.clone = True

parameters = [in_features, sinuosity_field, ocut_features]




Parameters

- Parameters are how you interact with @ Input Features .
-
a tool

& Output Feature Class

Point Placement
DISTANCE

.&D'Lstance tiona
Unknown

Percentage (optional)

- Simple rules to guide behaviors
- Does an input exist?
- Is the input the right type?
- What are valid fields for this data?
- Is this value an expected keyword?

] Include End Points (optional)




Parameter properties

1.

Data type
Feature Layer, Raster Layer, Table View, ...
String, Boolean, Long, Float, ...
Direction
Input, Output
Parameter type
Required, Optional, Derived

General | Source | Parameters | Validation | Help

Display Name Data Type

E Input Features Feature Layer

Output Feature class  Feature Class

Filter Environment

Data type

lion
'gons Only

eter abow:

perties

Direction Dependencies Symbology

Value

Requi
‘ Direction Input
P No

Parameter
type Mone

Default Multivalue

To add a new parameter, type the name into an empty row in the
name column, click in the Data Type column to choose a data type,
then edit the Parameter Properties.




Filters

Filter Values Relevant data
- Filters are used to limit choices types
to acceptable values Value List String (keywords) String, Long,
or numeric values Double, Boolean
Range Between a Long, Double
- For example: minimum and

- Anumber between 1 and 10 maximum value

- A string parameter with keywords Feature Class Allowable feature  Feature Layer,
class types Feature Class

- A file parameter that will only
accept files with a .txt extension File File extensions File
Field Supported field Field
types

Workspace Supported Workspace
workspaces




Parameter Dependencies / ‘obtained from’

- Some data types are dependent on other parameters
- Field, SQL Expression, Field Info provide little value on their own

- Set a dependency to a different data type

Input Features

points > B

Output Feature Class

d:\temp\output.gdb\output

Script Line Field (optional

Input Features

I Valves i &

% Expression

Query Builder

OBJECTID
SUBTYPE

geocomplD




Parameters - Symbology

- Control the appearance of output by setting symbology
- Set using a layer file either as :

Farameter Properties

Froperty
Direction
Multival

1. Parameter property D:fa'u; =

Environment
Filter Mone
Obtained from
Symbology mo2\featureclasses_classname.lyr | | ...

# Set the symbology
+ params = arcpy.GetParameterInfo()
+if len(params) > @:
_ _ _ params[1].symbology = os.path.join(layerfile_folder,
symbology based on logical criteria : 'poly symbology.lyr"')

2. Orin your source code
- Important if you want to vary the




Parameters - Defaults

- Set a parameter default by value or by environment
- Some data types match closely with geoprocessing environments
- Can configure a parameter to use an environment by default

Environment Settings

— - Properties * pProcessing Extent
Parameter Properties Limiting Extent
Extent =

Property Value Same as Display : As Specified Below
Type Optional
Direction Input Top

i - 516382.071231
MultiValue Mo Left

Fm Left Right
Default DEFAULT T g 650423.515124

650436.163551 674468.175208
Bottom
_ 01102.771187
Obtained from 501102.7711

Snap Raster

Show Help >>

Clip By Extent — B -

Top
516382.071231
Right
674480.823636
Bottom
501102.771187

Cancel Environments... Show Help ==







Parameters — Validation

- As parameters are entered and modified, validation responds and inte."
|

- Everything that happens before pushing OK

- Tools validate parameters in two ways

1. Basic or ‘free’ validation, such as:
Does the input (or output) exist?
Is it the right data type?

Does this value match its filter
Have all required parame

2. Additional rule



Validation

- Provides more control
- Parameter interaction
- Calculate defaults
- Enable or disable parameters

- Setting parameter errors and messages

- Defining output characteristics
- Chain tools in ModelBuilder



Validation

Validation is about responding to
changes in:

value / valueAsText

- Does a parameter have a value?

- What is the value?

- Properties of the data (arcpy .Describe)
altered

- Has the parameter been altered?
hasBeenValidated

- Has internal validation checked
the parameter?

def updateParameters(self):
"""Modify the values and properties of parameters before internal
validation is performed. This method is called whenever a parameter
has been changed."""

if self.params[@].value:
if not self.params[2].altered:
extent = arcpy.Describe(self.params|[@].value).extent
if extent.width > extent.height:
self.params[2].value = extend.width / 160.8
else:
self.params[2].value = extent.height / 100.8

return

def updateParameters(self):
"""Modify the wvalues and properties of parameters before internal
walidation is performed. This method is called whenever a parameter
has been changed."""

if self.params[@].value:
p = feedparser.parse(self.params[8].valueAsText)

if p['bozo"] == @: # Successful read
entry = p.entries[@]
field names = entry.keys()
field names.remove( ' georss point')
field names.remove( georss elev’)
self.params[2].filter.list = field names



A quick note about Python toolboxes and script tools

def updateMessages(self, parameters):
"""Modify the messages createa py internal validation for each tool
parameter. This method is called after internal validation.™™"

# PikGRcemtheubiniouas be negative
if parameters[2].value <= ©.0:
parameters|Z].setkrrorMessage(
'Distance value cannot be a negative r

L ] def updateMessage: (self):
# If using percentages, distance must be less """Modify the messages created by internal validation for each tool

elif parameters[3].value: parameter. This method is called after internal validation."""
if parameters[2].value > 1.0:

parameters[2].setErrorMessage(
"Percentages must be between 8.0 3

_# p'.l. C‘+J'Il'lf".‘3 C‘I‘I:'\III l-' la¥alWFal al i)e r}egt}til’le
it self.params[2].value <= 0.0:
seLT.params|z].seterrorMessage(
'Distance value cannot be a negative number')

return

# If using percentages, distance must be less than 1.0
elif self.params[3].value:
it self.params[2].value > 1.0:
self.params[2].setErrorMessage(
"Percentages must be between 0.0 and 1.0")

return




Validation: ModelBuilder

- Describe outputs for chaining in ModelBuilder

- By updating of outputs, subsequent tools can see pending changes prior to
execution

self.params[1].parameterDependencies = [@]
self.params[1l].schema.clone = True
self.params[1].schema.geometryTypeRule = "AsSpecified’
self.params[1].schema.geometryType = '"Point’
self.params[1].schema.fieldsRule = 'FirstDependencyFIDs’

id field = arcpy.Field()
id _field.name = "ORIG_FID®
id field.type = "Integer’

self.params[1].schema.additionalFields = [id field]




Validation: Messages

def updateMessages(self):
Modify the messages created by internal validation for each tool
parameter. This method is called after internal validation.

# Distance should never be negative

- Add more stringent errors based if self.params[2].value <= 0.0:
on your own Criteria self.params[2].setErrorMessage(

'Distance value cannot be a negative number')

# If using percentages, distance must be less than 1.0
elif self.params[3].value:

- Evaluate system messages, and relax if self.params[2].value > 1.0:
self.params[2].setErrorMessage(
or Change 'Percentages must be between @.0 and 1.0")

def updateMessages(self):
"""Modify the messages created by internal wvalidation for each tool
parameter. This method is called after internal validation.™""

has_error = self.params[@].hasError()
message = self.params[@].message

# Watch for "ERROR B808888: The value is not a member of ..."
if has_error and message.find( '866868°) » -1:
self.params[@].setlarningMessage(message)







Making your Python code work as a tool

1.

<)

Parameters are received
Script tool — GetParameter Or GetParameterAsText
Python toolbox — parameter.value or .valueAsText

arcpy internals
Messages — arcpy . AddMessage, AddWarning, AddError
Progressor
Optionally, control actions after a cancellation

Derived values, if any, are pushed back to the tool

« Python code
TDDI‘SpECiFiC behaviors

. Receive arguments

. Tool messages

. Progressor

. Cancellation behaviors
. Send arguments

« import arcpy

# More code




Keeping your work private

Rename

- Script tools have supported encryption for many releases et Password.

- Embed, then set a password 2

‘" Properties...

- Python toolboxes support encryption at 10.5, Pro 1.3

- Encrypt the toolbox in one step Refresh

- Python toolboxes are encrypted in place Edit..
Check Syntax...

Encrypt

Encrypt Toolbox
ltem

Encrypt this toolbox
A Pro



Please Take Our Survey on the Esri Events App!

Download the Esri
Events app and find
your event

Select the session
you attended

Schedule Q

JuLy TUE
July 8-11,2017 1
San Diego, CA

Lk

ArcGlIS Pro: Mapping and
Visualization

2017 Esri
Business Summit

July 9-11,2017
San Diego, CA

Esri
User Conference
VIS Building Your Indoor GIS: CAD and
July 0-14,2017
San Diego, CA BIM Import
ALLEVENTS

Scroll down to
find the survey

¢ i
ArcPad - An Introduction

SDCC -Room 32 A

Add Reminder

Jul 11, 8:30 AM - 9:45 AM

SDCC-Room 32A
SDCC

DESCRIPTION

This session will provide an overview of
ArcPad, Esri's software for mobile GIS and

field mapping, with an emphasis on the new

Complete Answers
and Select “Submit”

ay

¢ ArcPad - An Introdu... m

FEEDBACK

Title and Description Consistent with
Content

The content of the workshop was relevant
to my work






