1 Developer Documentationfor the Python API

Blenderusesa scripting languagecalled Pythonfor different purposes.At the
momentyou canusePythonin two ways:

e If youuseBlenderasamodelingand animation tool* you canusePython
to modela sceneby programminghow the sceneshouldbuild itself or you
canwrite import and export scripts to handleotherfile formatsdescribing
cameraslights, etc.

¢ In thegameengin€ you canusePythonto control the gameflow by exe-
cutingscriptswheneer a specifiedsituationhappengo occur

There are other purposesbut for the momentit’s enoughto know that the
executionof a Pythonscriptis handleddifferently andthat the known modules
aredifferentfor thetwo parts.

1.1 Modeling and Animation

If you useBlenderasa modeling and animation tool you wantto be able to
automatesometasksbecauseyou find a nice algorithmto do so or you wantto
extendBlenderby writing a usefulplug—in. Thefirst thing you have to know is
how you canwrite your plug—in within Blender how you canload a scriptyou
have written outsideof Blender(or downloadedit from the web), and how this
scriptscanbe executedto do someusefulwork in Blender

To write your script within Blenderyou needfirst a text window. This can
be openedby pressingSHIFT+F11. Be carefulwhereyou mousecursoris at
thetime you pressthis keyboardcombinationbecausehe text window will open
beneatithe mousecursor Now pressthe keyboardcombinationAL T+SHIFT+-
FKEY to opena pop—upmenuto load an existing text file or to createa new
one.l personallypreferto write my scriptoutsideof Blenderbut be carefulabout
the factthatyou have to reloadthefile every time you changesomething.After
editingyour file you canexecutethe Pythonscriptwith ALT+PKEY .

You know 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 Pythonscriptis to import the
Blender module. This canbedonein oneof two ways:

1Seesectionl. 1.
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e import Blender: If youwritei nport Bl ender in oneof thefirstlines
of your scriptyou have to write Bl ender . in front of all globalfunctions
or classeyou usefrom thismodule.Evenif youthink thisis alot of typing
youwill neverforgetwhereafunctionor classis locatedandl would prefer
this methodto importthe module.

e fromBlenderimport *: If youusef rom Bl ender inport * instead
all globalfunctionsandclasse®f the Blendermodulecanbe usedwithout
writing Bl ender . in front of it but you pollute your namespaceby im-
portingmorethanonly onemodule.You will notimmediatelyseewherea
functionor classyou call is located.

All examplesof this documentatiomssumehatyou usethefirst method.Af-
ter importing the moduleyou canseethe namespaceof the Blendermoduleby
typingpri nt dir (Bl ender) . Youwill seealist of namesn thenamespace
of themodule.This nameswill be explainedin oneof thefollowing chaptersand
youwill learnif anamestanddor afunctionor if it isthenameof aclassyoucan
use.A classhasit’s own namespaceof membeifunctionsandmembervariables.
Youwill learnhow to usethemaswell.

1.1.2 Printing the Documentation Strings

A goodmethodto learnaboutthe globalfunctionsandthe classesn the Blender
moduleis to print out the documentatiorstringswhich comewith the module
itself. Hereis a shortlisting how to do this:

def print Modul el nf o(nmodul e, exanpl e):
exec("import %" % nodul e)

print
print "#' * 79
exec("print %.__doc__" % nodul e)

print "#' * 79 -
exec("names = dir(%)" % nodul e)
for name in names:

exec('ifClause = "if type(%.%) == type(%.%): "' %
(rmodul e, name, nodul e, exanple))
exec(’'statenent = "print %.%.__doc__ "' % (nodule, nane))

exec(ifC ause + statenent)

if _name__ == "__main__":
print Modul el nf o("Bl ender", "get Current Scene")

Notethat! did notwrite i nport Bl ender in oneof thefirst lines. This
was donebecausd wantedto have a reusablescript for printing moduleinfo.
Have alook atthelasttwo lines. Thelastline is only executedf your scriptsruns
standaloneThis meanghatyou didn’t import this scriptwithin anotherscript. It
is alwaysa goodideato have lineslik e this to testa module. If you import this
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moduleonly thefunctionpr i nt Modul el nf o will bein the namespaceof the
module.You couldreusethis functionby calling it with appropriatgparameters.

1.1.3 Writing an Export Script

If youwantto write anexportscriptyou needaccesso thedatastoredin Blender
Thefirst thing you shoulddo is creatingan instanceof the classSceneby call- Scene
ingscene = Bl ender. get Current Scene() . A scenéhasauniguename
andalist of objects.Theobjectsarestoredin this list only by a referenceo their
names. This is donefor performanceeasons.Sometimest’s enoughto know
how mary objectsarein a sceneansteadof transferringall the datafrom Blender
into thePythoninterpreter You canseethenameof asceneandhow mary objects
arein ascenesimply by typingpri nt scene.

If you export to anothersceneviewer like a VRML browseror an Openln-
ventor viewer you don't needthe displaysettings.But if you exportto anexter-
nal rendererlike RenderMan or Povray you might needinformationaboutthe
imagesizeetc. That's why you shouldcreateaninstanceof theclassDisplaySet-
tings by callingdi spl ay = Bl ender. get Di spl aySetti ngs() . At the Dis-
momentyou cant find out whatmembervariablesare known for aninstanceof play-
the classDisplaySettingsby simply typing pri nt di spl ay but you canuse Set-
print dir(display) togetalist of nameswhich arein factthe namesof tings
themembervariables.
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Figurel: How dothedisplaysettingdook likein Blender?

In Blenderthedisplaysettingsarevisible in the Display buttons (F10). If you
look atfigure 1 you canseevaluesfor thefollowing displaysettings:
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e currentFrame: At thetop left cornerof figure 1l you seethe pressedutton
for the Display buttons (F10). To theright you seea selectionmechanism
for the currentsceneandthe nameof it. The next buttonto theright is the
currentframe.

e startFrame: Thestartframecanbeseenn thebottomline: Sta: 1
e endFrame Theendframecanbeseenn thebottomline: End: 250

¢ xResolution Theimagewidth in pixels canbe seenon the right side of
figure1: SizeX:320

¢ yResolution Theimageheightin pixels canbe seenon the right side of
figurel: SizeY: 256

e pixelAspectRatia Thepixel aspectatiois calculatedoy thebuttonsbelov
theimagesize: AspY: 1 dividedby AspX: 1.

If you want to export an animationyou will have to stepthroughall the
framesand write the currentscenefor the currentframe. The API givesyou
the freedomto save all framesin onefile* or to useone file for eachframe.
To inform Blenderwhich frame you currently want to export usethe function
Bl ender. set Current Frane(frane) .

For mostof the externalrenderersyou have to write the camerasettingsbe-
fore you write the scene. You can accessthe currentcamerain your current
sceneby callingcanobj = scene. get Current Caner a() . Notice: This
call givesyou accesso an cameraobject. The settingswhich are individual
and unique to camerasare linked to the object and can be accessedy call-
ing canera = Bl ender. get Caner a( canobj . dat a) . Unfortunatelyit
is notpossibleo seethislink in theOOPS(ObjectOrientedProgrammingSystem)
window. But for mostof the otherlinkeddatayou canseeagrayrectangldor the
objectitself ande.g.abrown rectangldor thelinkedmesh.Seefigure 2 for some
examples.

You cant seewhich attributesanobjecthasat oneplacein Blender But there
areseveralplaceswvhereyou canfind outaboutassociatedttributesof aninstance
of theclassObiject: Object

e matrix : Only thelocation,rotation,andsizesettingsof a matrix arevisible
in Blendef if you pressthe NKEY in oneof the 3D windows. A shear
matrix for examplecannotbecreatedn Blender But the PythonAPI will
allow to do thisin thefuture by manipulatingthe matrix directly.

3Which canbedonee.qg.for RenderMan.
4andcanbe manipulatedhere



Figure2: The ObjectOrientedProgrammingSystemwindow

inverseMatrix: The inversematrix is usefulfor a lot of differentthings.
But mostof the externalrenderersllow you eitherto transformthe camera
in theworld or to leave the cameraasit is andtransformtheworld by using
theinversecameramatrix.

materials: Unfortunatelymaterialscanbe eitherboundto an objector for
exampleto a mesh.You canseethelinks in the OOPSwindow. | decided
thatit doesnot matterwherethe materialis really stored. That's why it
Is storedwith the objectright now. But only the namesof the materials
arestoredin alist®. This allows the sharingof materialslike it is donein
Blender If differentfacesof ameshusedifferentmaterialshey useindices
into this list to specifywhich materialshouldbe usedfor this face.

type: In Blenderyou candistinguishdifferenttypesconnectedo an ob-
ject by little symbolsandthe color of therectanglesn the OOPSwindow.
In Pythonyou get the nameof the classthe instancelinked to the object
belongsto.

data: The datavariabletells you the nameof the linked data. Soyou can
decideaboutthetypeof anobjectby eithercheckingit’ stypevariableor by
usingoneof the

SYou canhave morethanonematerialfor oneobject.



— Bl ender . i sCaner a( nane) ,
— Bl ender . i sLanp( nane) ,or
— Bl ender . i sMesh( nane)

functions.

After calling canera = Bl ender. get Caner a( canobj . data) you
have accesdo the membervariablesof an instanceof the classCamera. Fol- Camera
lowing membevariablesarethere:

e Lens Thelens valueof Blenderis a bit odd. If you wantto calculatethe
fou (field of view angle)you shouldknow that fov = arctan (716'!’““’””)

lens

where factor is dependenbn the x— andy—resolutionof your picture.
e CISta: Theclipping startdeterminesvherethe camereclipping begins.

e CIEnd: Theclipping enddeterminesvherethe camereclipping ends.

After exportingthecamerasettingamostof theexternalrendererslemandhat
thelights areexportednext. For somerendererghe sequenceloesnot matterbut
for somerenderersonly the lights definedbeforethe geometrywill illuminate
it. Somerenderersallow you to decidewhich geometryshouldbe illuminated
by which lights. Neverthelessyou needaccesdo the light settings. This can
be achiezed by checkingfor alight with Bl ender . i sLanp( nane) andusing
a similar sequencasyou usedfor a camerato get accesdo the objectandthe
associatedata:

| anpobj
| anmp

Bl ender . get Obj ect ( nane)
Bl ender . get Lanp(| anpobj . dat a)

At the momentthe following light settingsfor aninstanceof theclassLamp Lamp
areavailable.

e type: Thetypeof alampcanbe:”Lamp” , "Spot”, "Sun”, or "Hemi”

e mode Themodeindicateswith astringof length8 if a settingin thelamp
buttons(F4) is on ("1”) or off ("0”). The orderis exactly the sameasin
the lamp buttons(from top downwards): Quad, Sphere, Shadawvs, Halo,
Layer, Negative, OnlyShadow, andSquare.

e Energ: Light enegy.

¢ R: Redpartof thelampcolor.



e G: Greenpartof thelampcolor.

B: Blue partof thelampcolor.
e Dist: Influenceghelight attenuation.
e SpoSi Spotlightsetting:Spotsize(angle).

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

e Quadl: Influenceghelight attenuation.
e Quad2 Influenceghelight attenuation.
e Halnt: Theintensityof the spothalo.

e ClipSta: Clipping startvalue.

¢ ClipEnd: Clipping endvalue.

For now you canonly export meshdata. Which meansin facttrianglesand
guads.Thetrianglesandquadsarecollectedin instance®f the classMesh. The
sequenceo getaccesgo the meshdatais:

nmeshobj = Bl ender. get Obj ect (nane)
nmesh Bl ender . get Mesh( neshobj . dat a)

It is not thateasyto seewhat attributesaretherefor aninstanceof the class

Mesh. Youcantypepri nt dir (mesh) butthiswill giveyoualist of member Mesh

variablesaswell asmemberfunctions. You will learnaboutthis functionslater.
In this sectionwe areonly interestedn themembelvariables:

e vertices This holdsallist of verticesfor usagewithin Python. A faceuses
theindicesof this vertices.This allows to storethe verticesefficientandto
sharethe samevertex betweerdifferenttrianglesor quads.

e normals: This holdsalist of vertex normalswhich canbe usedfor smooth
rendering. The numberof elementdn this list shouldbe exactly the same
asin thelist for thevertices.

e colors: This holdsa list of vertex colors. The list might be emptyif no
colorsareused.But if they areusedthelist shouldbe exactly of the same
sizeasthelist of vertices.



e faces Thisholdsalist of faces.At themomentafaceis alist with 6 entries
(integers).This mightchangdn thefuture. Thefirst 4 entriesareindicesto
describethe verticesfor atriangleor a quad. The decisionif aquadis used
or notis madeby the fourth entry, If thisis 0 thenonly thefirst 3 entries
areusedfor antriangle. Thefifth entrytellsif thetriangle(or quad)should
be renderedas smooth (usingvertex normals)or not. The lastentryis the
index of the materialusedfor thisface.

e texcoords Thisholdsalist of texturecoordinatesThelist mightbeempty
but if usedthe list shouldhave exactly the samesize asthe list of faces.
The texture coordinatesare storedfor eachfaceasa list of 4 sublists(for
trianglesjust ignorethe fourth sublist). Eachof this sublistshas2 entries
(u- andv- direction).

e texture: Thisholdsthe name(with path)of the usedtexture (if ary).

The last classfor now is the classMaterial. You can accesshe material
settingswith Bl ender . get Mat eri al ( nane) . At the momentonly a small
subseDf the Blendermaterialsettingscanbereachedrom within Python:

e R: Redpartof color.
e G: Greenpartof color.

e B: Blue partof color.

Pleaseemembethata materialcanbe connectedo anobjectaswell asto a
meshin Blender The PythonAPI hasonly alist of materialnamesstoredwith
theobject. To checkif amaterialwasusedfor afaceof ameshfirst have alook at
the list of materialname$ andthenusethefifth elementof the facelist asindex
into it. Youwill geta namewhich canbe usedto getthe materialsettingsfrom
Blender

1.1.4 Writing anImport Script

For writing animport scriptsyou needat leasta filenamé to loadthefile. After
thatyou have to analyzethefile if it hasthecorrecttype,readin thedata,andcall
somefunctionsto importthe datainto Blender

As afirst stepof having GUI® elementsn the PythonAPI | addeda module
calledGUI. The GUI modulecontainsa classcalledFileSelector The effect of

5Thelist mightbe empty
“And a pathto thedirectorycontainingthefile.
8GraphicalUser|nterface
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using a file selectorcanbe seenif you pressF1 or F2 to load or save afile in
Blender If you look atfigure 3 you seethatit looks pretty muchthe sameif you
call afile selectorfrom within PythorY.

P | |thome/janfHtml/GoThere/Download;Models/
-] [testblend

4 036
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Figure3: How doesafile selectordook like in Blender?

After importing the modulewith i nport GUI you cancreatean instance
of the classFileSelectorwith fs = QU . Fi | eSel ect or () . Nothing hap-
pensuntil youcall fs. acti vat e(cal | back, fs). Whenthefile selector
is activatedthe control goesbackto Blender You canstopthe file selectionby
pressingeSC or continuebrowsingthe file hierarchyasyou would do to load a
Blenderfile. After selectingafile with themiddle mousebutton'® thefile selector
is closed.But how canl getbackinto my Pythoncode?

If youlook atthecall of thefunctionacti vat e(...) youwill seethatyou
have to specifyacal | back functionandoptionalyou cangive anagumentto
this callbackfunctionwhenit is called. This meanghatyou don't have to specify
thesecondargumentof thecallf s. acti vat e( cal | back, fs). | usedthis
argumentto give the callbackfunction accesdo the filenameof the instanceof
theclassFileSelector

def call back(fs):
filenane = fs.fil enane
# whatever you want to do with the filename ...

9ExceptthemessageSELECTA FILE
100r by first selectingt with theleft mousebuttonandthenpressingENTER.
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The next thing you might wantto do is to parsethe file andreadin the data.
It is wiseto parseandreadthe completefile beforeyou passary datato Blender
This partof your Pythoncodecanbe reusedby otherscriptsto readin the data.
You could write a corversionfrom onefile formatto anotherwithout usingary
interactionwith Blender

At themomentonly meshesresupportedFor otherdatait shouldwork very
similarbut | will explainthetechniqueonly for meshesThefirst thingyoushould
dois gettingaccesdgo thecurrentscene.

scene = Bl ender. get Current Scene()
# this can be done for several neshes ...
nmesh = Bl ender. Mesh(" NAMVE")

obj ect = Bl ender. Qbj ect (" NAMVE")
nmesh. ent er Edi t Mode()
# triangle

i1 = mesh. addVertex(x1l, yl, z1, 0, 0, 0)
i 2 = mesh. addVertex(x2, y2, z2, 0, 0, 0)
i 3 = mesh. addVertex(x3, y3, z3, 0, 0, 0)
mesh. addFace(i 1, i2, i3, 0, 0, 0)

# quad

i1 = mesh. addVertex(x1, yl, z1, 0, 0, 0)
i 2 = mesh. addVertex(x2, y2, z2, 0, 0, 0)
i 3 = mesh. addVertex(x3, y3, z3, 0, 0, 0)
i 4 = mesh. addVertex(x4, y4, z4, 0, 0, 0)
mesh. addFace(i 1, i2, i3, i4, 0, 0)

Bl ender. connect (obj ect, mesh)
Bl ender. connect (scene, object)
nmesh. | eaveEdi t Mode()

You canaddall thedatato onemeshor you might have criteriawhy you want
to storethe datain several meshes.Anyway you will have to createan instance
of the classObject andthe classMesh. A Blenderobjector meshhasallways
a uniguename. The nameyou give asan argumentfor the constructoris only a
proposalfor the real name. Blenderwill checkif this nameis alreadyusedand
renamethe objectif necessary This is why you canusethe samenamein the
constructoagainandagain.Thenyou addverticesandfacesto the mesh.It does
not matterif you first addall verticesandafterthatcreateall facesor if you mix
thecallstonesh. addVert ex(...) andnesh. addFace(. . .) . Pleasae-
membetto usetheindicesyou getbackfrom nesh. addVert ex(...) forthe
call of mresh. addFace(...).

Thefunctionmesh. addVer t ex(. . .) takesatleast6 agumentsfollowed
by threeoptionalarguments.Thefirst 3 valuesareusedfor thevertex coordinates,
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thenext 3 valuesfor thevertex normal,andthelast3 (if used)for thevertex color.
The color information hasnot to be specified. The default valuesmean: Don't
storeary colorinformation.

Thefunctionnmesh. addFace( . . .) takesexactly 6 aguments.Thefirst 4
entriesareindicesto describethe verticesfor a triangleor a quad. The decision
if aquadis usedor notis madeby the 4th entry. If thisis O thenonly thefirst 3
entriesareusedfor antriangle. The5th entrytellsif thetriangle(or quad)should
berenderedas’smooth” (usingvertex normals)or not. Thelastentryis theindex
of the materialusedfor thisface.

Don't forgetto connectheobjectto themeshandthescendo theobject. The
call Bl ender. connect (...) canbeusedfor both. Beforeyou canaddary
datato themeshyouhaveto callmesh. ent er Edi t Mode() andafterinserting
all the datafor this meshyou have to call nesh. | eaveEdi t Mode() . There
areonly two functionsleft to explain:

e nesh. creat eTri angl esFronEdges() : Insteadf creatingriangles
andquadsyou canalsocreateedgeswith nesh. addFace(. ..) . This
edgescanbeusedby callingcr eat eTri angl esFr onEdges() to tri-
angulatea generapolygon(evenwith holes).

e nesh. renoveDoubl es() : After importingdata!? youmighthave dou-
bled verticesbecausehefile formatdoesnot allow to reusethe samever-
tices by usingindices. This function removes doubledverticeswithin a
precisionvalue. At the momentyou cant usethe precisionvaluefrom the
interface.A valueof 0. 0003 is usedinstead.The functionis calledinter-
nally by cr eat eTri angl esFr onmEdges() .

1.2 GameEngine

If youwantto controlthegameflow of thegameengineby writing Pythonscripts
the procesdo write or load your scriptis exactly the sameasdescribedn section
1.1. But to executethe scriptyou needto make alink e.g.to aPythonController

in the gameengine. The gameis startedby pressinghe PKEY andthe scriptis

executedevery time whenthe sensorgonnectedo the PythonControlleshoot.

1By usingonly thefirst two indicesandsettingsthe othertwo to Zero.
12E.g. aDXF file.
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