
1 DeveloperDocumentationfor the Python API

Blenderusesa scripting languagecalledPythonfor differentpurposes.At the
momentyoucanusePythonin two ways:

� If youuseBlenderasamodelingand animation tool1 youcanusePython
to modela sceneby programminghow thesceneshouldbuild itself or you
canwrite import and export scripts to handleotherfile formatsdescribing
cameras,lights,etc.

� In thegameengine2 you canusePythonto control the gameflow by exe-
cutingscriptswhenevera specifiedsituationhappensto occur.

Thereare other purposesbut for the momentit’ s enoughto know that the
executionof a Pythonscript is handleddifferently andthat the known modules
aredifferentfor thetwo parts.

1.1 Modeling and Animation

If you useBlenderas a modeling and animation tool you want to be able to
automatesometasksbecauseyou find a nice algorithmto do so or you want to
extendBlenderby writing a usefulplug–in. Thefirst thing you have to know is
how you canwrite your plug–in within Blender, how you canload a script you
have written outsideof Blender(or downloadedit from the web), andhow this
scriptscanbeexecutedto dosomeusefulwork in Blender.

To write your script within Blenderyou needfirst a text window. This can text
win-
dow

be openedby pressingSHIFT+F11. Be careful whereyou mousecursoris at
thetime you pressthis keyboardcombinationbecausethetext window will open
beneaththemousecursor. Now pressthekeyboardcombinationALT+SHIFT+-
FKEY to opena pop–upmenuto load an existing text file or to createa new
one.I personallypreferto write my scriptoutsideof Blenderbut becarefulabout
the fact thatyou have to reloadthefile every time you changesomething.After
editingyour file youcanexecutethePythonscriptwith ALT+PKEY .

Youknow now how to executeascript. In thenext sectionsyouwill learnhow
to write them.

1.1.1 Importing the Blender Module

The first thing you have to do whenyou write a Pythonscript is to import the
Blender module. Thiscanbedonein oneof two ways:

1Seesection1.1.
2Seesection1.2.
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� import Blender: If you write import Blender in oneof thefirst lines
of your scriptyou have to write Blender. in front of all globalfunctions
or classesyouusefrom thismodule.Evenif youthink this is a lot of typing
youwill neverforgetwhereafunctionor classis locatedandI wouldprefer
this methodto import themodule.

� fr om Blender import * : If youusefrom Blender import * instead
all global functionsandclassesof theBlendermodulecanbeusedwithout
writing Blender. in front of it but you pollute your namespaceby im-
portingmorethanonly onemodule.You will not immediatelyseewherea
functionor classyoucall is located.

All examplesof this documentationassumethatyouusethefirst method.Af-
ter importing the moduleyou canseethe namespaceof theBlendermoduleby
typingprint dir(Blender). Youwill seea list of namesin thenamespace
of themodule.Thisnameswill beexplainedin oneof thefollowing chaptersand
youwill learnif anamestandsfor a functionor if it is thenameof aclassyoucan
use.A classhasit’ sown namespaceof memberfunctionsandmembervariables.
You will learnhow to usethemaswell.

1.1.2 Printing the DocumentationStrings

A goodmethodto learnabouttheglobalfunctionsandtheclassesin theBlender
moduleis to print out the documentationstringswhich comewith the module
itself. Hereis ashortlisting how to do this:

def printModuleInfo(module, example):
exec("import %s" % module)
print
print "#" * 79
exec("print %s.__doc__" % module)
print "#" * 79
exec("names = dir(%s)" % module)
for name in names:

exec(’ifClause = "if type(%s.%s) == type(%s.%s): "’ %
(module, name, module, example))

exec(’statement = "print %s.%s.__doc__"’ % (module, name))
exec(ifClause + statement)

if __name__ == "__main__":
printModuleInfo("Blender", "getCurrentScene")

Note that I did not write import Blender in oneof the first lines. This
was donebecauseI wantedto have a reusablescript for printing moduleinfo.
Havea look at thelasttwo lines.Thelastline is only executedif yourscriptsruns
standalone.This meansthatyou didn’t import this scriptwithin anotherscript. It
is alwaysa goodideato have lines like this to testa module. If you import this
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moduleonly thefunctionprintModuleInfo will bein thenamespaceof the
module.You couldreusethis functionby calling it with appropriateparameters.

1.1.3 Writing an Export Script

If youwantto write anexportscriptyouneedaccessto thedatastoredin Blender.
The first thing you shoulddo is creatingan instanceof the classSceneby call- Scene
ingscene = Blender.getCurrentScene(). A scenehasauniquename
anda list of objects.Theobjectsarestoredin this list only by a referenceto their
names.This is donefor performancereasons.Sometimesit’ s enoughto know
how many objectsarein a sceneinsteadof transferringall thedatafrom Blender
into thePythoninterpreter. Youcanseethenameof asceneandhow many objects
arein ascenesimplyby typingprint scene.

If you export to anothersceneviewer like a VRML browseror an OpenIn-
ventor viewer you don’t needthedisplaysettings.But if you export to anexter-
nal rendererlike RenderMan or Povray you might needinformationaboutthe
imagesizeetc.That’swhy youshouldcreateaninstanceof theclassDisplaySet-
tings by callingdisplay = Blender.getDisplaySettings(). At the Dis-

play-
Set-
tings

momentyou can’t find out whatmembervariablesareknown for an instanceof
the classDisplaySettingsby simply typing print display but you canuse
print dir(display) to get a list of nameswhich arein fact the namesof
themembervariables.

Figure1: How do thedisplaysettingslook like in Blender?

In Blenderthedisplaysettingsarevisible in theDisplay buttons (F10). If you
look at figure1 you canseevaluesfor thefollowing displaysettings:
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� currentFrame: At thetop left cornerof figure1 youseethepressedbutton
for theDisplay buttons (F10). To theright you seea selectionmechanism
for thecurrentsceneandthenameof it. Thenext buttonto theright is the
currentframe.

� startFrame: Thestartframecanbeseenin thebottomline: Sta: 1

� endFrame: Theendframecanbeseenin thebottomline: End: 250

� xResolution: The imagewidth in pixels canbe seenon the right sideof
figure1: SizeX: 320

� yResolution: The imageheight in pixels canbe seenon the right sideof
figure1: SizeY: 256

� pixelAspectRatio: Thepixel aspectratio is calculatedby thebuttonsbelow
theimagesize:AspY: 1 dividedby AspX: 1.

If you want to export an animationyou will have to step through all the
framesand write the currentscenefor the current frame. The API gives you
the freedomto save all framesin one file3 or to useone file for eachframe.
To inform Blenderwhich frame you currently want to export usethe function
Blender.setCurrentFrame(frame).

For mostof the externalrenderersyou have to write the camerasettingsbe-
fore you write the scene. You can accessthe currentcamerain your current
sceneby callingcamobj = scene.getCurrentCamera(). Notice: This
call gives you accessto an cameraobject. The settingswhich are individual
and unique to camerasare linked to the object and can be accessedby call-
ing camera = Blender.getCamera(camobj.data). Unfortunatelyit
is notpossibleto seethislink in theOOPS(ObjectOrientedProgrammingSystem)
window. But for mostof theotherlinkeddatayoucanseeagrayrectanglefor the
objectitself ande.g.abrown rectanglefor thelinkedmesh.Seefigure2 for some
examples.

Youcan’t seewhichattributesanobjecthasatoneplacein Blender. But there
areseveralplaceswhereyoucanfind outaboutassociatedattributesof aninstance
of theclassObject: Object

� matrix : Only thelocation,rotation,andsizesettingsof amatrixarevisible
in Blender4 if you pressthe NKEY in oneof the 3D windows. A shear
matrix for examplecannot becreatedin Blender. But thePythonAPI will
allow to do this in thefutureby manipulatingthematrixdirectly.

3Whichcanbedonee.g.for RenderMan.
4andcanbemanipulatedthere
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Figure2: TheObjectOrientedProgrammingSystemwindow

� inverseMatrix: The inversematrix is useful for a lot of different things.
But mostof theexternalrenderersallow youeitherto transformthecamera
in theworld or to leavethecameraasit is andtransformtheworld by using
theinversecameramatrix.

� materials: Unfortunatelymaterialscanbeeitherboundto anobjector for
exampleto a mesh.You canseethe links in theOOPSwindow. I decided
that it doesnot matterwherethe materialis really stored. That’s why it
is storedwith the object right now. But only the namesof the materials
arestoredin a list5. This allows the sharingof materialslike it is donein
Blender. If differentfacesof ameshusedifferentmaterialsthey useindices
into this list to specifywhichmaterialshouldbeusedfor this face.

� type: In Blenderyou candistinguishdifferent typesconnectedto an ob-
ject by little symbolsandthecolor of therectanglesin theOOPSwindow.
In Pythonyou get the nameof the classthe instancelinked to the object
belongsto.

� data: Thedatavariabletells you thenameof the linkeddata. Soyou can
decideaboutthetypeof anobjectby eithercheckingit’ s typevariableor by
usingoneof the

5Youcanhavemorethanonematerialfor oneobject.
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– Blender.isCamera(name),

– Blender.isLamp(name), or

– Blender.isMesh(name)

functions.

After calling camera = Blender.getCamera(camobj.data) you
have accessto the membervariablesof an instanceof the classCamera. Fol- Camera
lowing membervariablesarethere:

� Lens: The
�������

valueof Blenderis a bit odd. If you want to calculatethe�
	��
(field of view angle)you shouldknow that

�
	����������������������� �� "!$#&%(')+*-,�.0/
where

�
132�4"	65
is dependenton thex– andy–resolutionof your picture.

� ClSta: Theclippingstartdetermineswherethecameraclipping begins.

� ClEnd: Theclippingenddetermineswherethecameraclipping ends.

After exportingthecamerasettingsmostof theexternalrenderersdemandthat
thelights areexportednext. For somerenderersthesequencedoesnot matterbut
for somerenderersonly the lights definedbeforethe geometrywill illuminate
it. Somerenderersallow you to decidewhich geometryshouldbe illuminated
by which lights. Neverthelessyou needaccessto the light settings. This can
beachievedby checkingfor a light with Blender.isLamp(name) andusing
a similar sequenceasyou usedfor a camerato get accessto the objectandthe
associateddata:

lampobj = Blender.getObject(name)
lamp = Blender.getLamp(lampobj.data)

At themomentthefollowing light settingsfor an instanceof theclassLamp Lamp
areavailable.

� type: Thetypeof a lampcanbe: ”Lamp” , ”Spot” , ”Sun” , or ”Hemi”

� mode: Themodeindicateswith a stringof length8 if a settingin thelamp
buttons(F4) is on (”1”) or off (”0”). The order is exactly the sameas in
the lamp buttons(from top downwards): Quad, Sphere, Shadows, Halo,
Layer, Negative, OnlyShadow, andSquare.

� Energ: Light energy.

� R: Redpartof thelampcolor.
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� G: Greenpartof thelampcolor.

� B: Bluepartof thelampcolor.

� Dist: Influencesthelight attenuation.

� SpoSi: Spotlightsetting:Spotsize(angle).

� SpoBl: Spotlight setting: Spot blend (falloff from full light intensity to
darkness).

� Quad1: Influencesthelight attenuation.

� Quad2: Influencesthelight attenuation.

� HaInt : Theintensityof thespothalo.

� ClipSta: Clipping startvalue.

� ClipEnd : Clippingendvalue.

For now you canonly export meshdata. Which meansin fact trianglesand
quads.Thetrianglesandquadsarecollectedin instancesof theclassMesh. The
sequenceto getaccessto themeshdatais:

meshobj = Blender.getObject(name)
mesh = Blender.getMesh(meshobj.data)

It is not thateasyto seewhatattributesaretherefor an instanceof the class
Mesh. Youcantypeprint dir(mesh) but thiswill giveyoualist of member Mesh
variablesaswell asmemberfunctions. You will learnaboutthis functionslater.
In this sectionweareonly interestedin themembervariables:

� vertices: This holdsa list of verticesfor usagewithin Python.A faceuses
theindicesof this vertices.This allows to storetheverticesefficient andto
sharethesamevertex betweendifferenttrianglesor quads.

� normals: This holdsa list of vertex normalswhich canbeusedfor smooth
rendering.Thenumberof elementsin this list shouldbeexactly thesame
asin thelist for thevertices.

� colors: This holdsa list of vertex colors. The list might be empty if no
colorsareused.But if they areusedthe list shouldbeexactly of thesame
sizeasthelist of vertices.
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� faces: Thisholdsa list of faces.At themomenta faceis a list with 6 entries
(integers).Thismightchangein thefuture.Thefirst 4 entriesareindicesto
describetheverticesfor a triangleor a quad.Thedecisionif a quadis used
or not is madeby the fourth entry. If this is 0 thenonly the first 3 entries
areusedfor antriangle.Thefifth entrytells if thetriangle(or quad)should
be renderedassmooth (usingvertex normals)or not. The last entry is the
index of thematerialusedfor this face.

� texcoords: Thisholdsa list of texturecoordinates.Thelist mightbeempty
but if usedthe list shouldhave exactly the samesizeas the list of faces.
The texture coordinatesarestoredfor eachfaceasa list of 4 sublists(for
trianglesjust ignorethe fourth sublist). Eachof this sublistshas2 entries
(u- andv- direction).

� texture: Thisholdsthename(with path)of theusedtexture(if any).

The last classfor now is the classMaterial . You can accessthe material Material
settingswith Blender.getMaterial(name). At themomentonly a small
subsetof theBlendermaterialsettingscanbereachedfrom within Python:

� R: Redpartof color.

� G: Greenpartof color.

� B: Bluepartof color.

Pleaserememberthata materialcanbeconnectedto anobjectaswell asto a
meshin Blender. The PythonAPI hasonly a list of materialnamesstoredwith
theobject.To checkif amaterialwasusedfor a faceof ameshfirst havea look at
the list of materialnames6 andthenusethefifth elementof thefacelist asindex
into it. You will geta namewhich canbeusedto get thematerialsettingsfrom
Blender.

1.1.4 Writing an Import Script

For writing an import scriptsyou needat leasta filename7 to loadthefile. After
thatyouhave to analyzethefile if it hasthecorrecttype,readin thedata,andcall
somefunctionsto import thedatainto Blender.

As a first stepof having GUI8 elementsin thePythonAPI I addeda module
calledGUI . TheGUI modulecontainsa classcalledFileSelector. Theeffect of

6Thelist mightbeempty.
7And apathto thedirectorycontainingthefile.
8GraphicalUserInterface
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usinga file selectorcanbe seenif you pressF1 or F2 to load or save a file in
Blender. If you look at figure3 you seethat it looksprettymuchthesameif you
call afile selectorfrom within Python9.

Figure3: How doesafile selectorlook like in Blender?

After importing the modulewith import GUI you cancreatean instance
of the classFileSelectorwith fs = GUI.FileSelector(). Nothing hap-
pensuntil you call fs.activate(callback, fs). Whenthefile selector
is activatedthe control goesbackto Blender. You canstopthe file selectionby
pressingESC or continuebrowsing thefile hierarchyasyou would do to loada
Blenderfile. After selectingafile with themiddlemousebutton10 thefile selector
is closed.But how canI getbackinto my Pythoncode?

If you look at thecall of thefunctionactivate(...) youwill seethatyou
have to specifyacallback functionandoptionalyou cangive anargumentto
thiscallbackfunctionwhenit is called.Thismeansthatyoudon’t haveto specify
thesecondargumentof thecall fs.activate(callback, fs). I usedthis
argumentto give the callbackfunction accessto the filenameof the instanceof
theclassFileSelector:

def callback(fs):
filename = fs.filename
# whatever you want to do with the filename ...

9Exceptthemessage:SELECTA FILE
10Or by first selectingit with theleft mousebuttonandthenpressingENTER.
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Thenext thing you might want to do is to parsethefile andreadin thedata.
It is wiseto parseandreadthecompletefile beforeyou passany datato Blender.
This partof your Pythoncodecanbereusedby otherscriptsto readin thedata.
You could write a conversionfrom onefile format to anotherwithout usingany
interactionwith Blender.

At themomentonly meshesaresupported.For otherdatait shouldwork very
similarbut I will explainthetechniqueonly for meshes.Thefirst thingyoushould
do is gettingaccessto thecurrentscene.

scene = Blender.getCurrentScene()
# this can be done for several meshes ...
mesh = Blender.Mesh("NAME")
object = Blender.Object("NAME")
mesh.enterEditMode()
# triangle
i1 = mesh.addVertex(x1, y1, z1, 0, 0, 0)
i2 = mesh.addVertex(x2, y2, z2, 0, 0, 0)
i3 = mesh.addVertex(x3, y3, z3, 0, 0, 0)
mesh.addFace(i1, i2, i3, 0, 0, 0)
# quad
i1 = mesh.addVertex(x1, y1, z1, 0, 0, 0)
i2 = mesh.addVertex(x2, y2, z2, 0, 0, 0)
i3 = mesh.addVertex(x3, y3, z3, 0, 0, 0)
i4 = mesh.addVertex(x4, y4, z4, 0, 0, 0)
mesh.addFace(i1, i2, i3, i4, 0, 0)
Blender.connect(object, mesh)
Blender.connect(scene, object)
mesh.leaveEditMode()

Youcanaddall thedatato onemeshor youmighthavecriteriawhy youwant
to storethedatain severalmeshes.Anyway you will have to createan instance
of the classObject andthe classMesh. A Blenderobjector meshhasallways
a uniquename.Thenameyou give asanargumentfor theconstructoris only a
proposalfor the real name. Blenderwill checkif this nameis alreadyusedand
renamethe object if necessary. This is why you canusethe samenamein the
constructoragainandagain.Thenyou addverticesandfacesto themesh.It does
not matterif you first addall verticesandafter thatcreateall facesor if you mix
thecallstomesh.addVertex(...) andmesh.addFace(...). Pleasere-
memberto usetheindicesyougetbackfrom mesh.addVertex(...) for the
call of mesh.addFace(...).

Thefunctionmesh.addVertex(...) takesat least6 arguments,followed
by threeoptionalarguments.Thefirst 3 valuesareusedfor thevertex coordinates,
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thenext 3 valuesfor thevertex normal,andthelast3 (if used)for thevertex color.
The color informationhasnot to be specified. The default valuesmean: Don’t
storeany color information.

Thefunctionmesh.addFace(...) takesexactly 6 arguments.Thefirst 4
entriesareindicesto describetheverticesfor a triangleor a quad. Thedecision
if a quadis usedor not is madeby the4th entry. If this is 0 thenonly thefirst 3
entriesareusedfor antriangle.The5thentrytells if thetriangle(or quad)should
berenderedas”smooth” (usingvertex normals)or not. Thelastentryis theindex
of thematerialusedfor this face.

Don’t forget to connecttheobjectto themeshandthesceneto theobject.The
call Blender.connect(...) canbeusedfor both. Beforeyou canaddany
datato themeshyouhaveto callmesh.enterEditMode() andafterinserting
all the datafor this meshyou have to call mesh.leaveEditMode(). There
areonly two functionsleft to explain:

� mesh.createTrianglesFromEdges(): Insteadof creatingtriangles
andquadsyou canalsocreateedgeswith mesh.addFace(...)11. This
edgescanbeusedby callingcreateTrianglesFromEdges() to tri-
angulateageneralpolygon(evenwith holes).

� mesh.removeDoubles(): After importingdata12 youmighthavedou-
bledverticesbecausethefile formatdoesnot allow to reusethesamever-
tices by using indices. This function removes doubledverticeswithin a
precisionvalue. At themomentyou can’t usetheprecisionvaluefrom the
interface.A valueof 0.0003 is usedinstead.Thefunctionis calledinter-
nally by createTrianglesFromEdges().

1.2 GameEngine

If youwantto controlthegameflow of thegameengineby writing Pythonscripts
theprocessto write or loadyourscript is exactly thesameasdescribedin section
1.1.But to executethescriptyouneedto makea link e.g.to aPythonController
in thegameengine.Thegameis startedby pressingthePKEY andthescript is
executedevery timewhenthesensorsconnectedto thePythonControllershoot.

11By usingonly thefirst two indicesandsettingstheothertwo to Zero.
12E.g.a DXF file.
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