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Blender is an open-source 3D computer graphics application. To scientists its greatest asset is allowing
high quality ray tracing of meshed isosurfaces. While Blender does allow the creation and modification of
meshes, data processing can usually be better performed on specialised software, and finalised meshes
imported for publication quality images and animations. This introduction is organised to follow the
workflow of creating a rendered mesh, with concepts introduced when encountered. Each section has a
bolded title to make looking up specific concepts easier.

Blender's user interface comprises a series of different, non-overlapping windows:
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Modifying the user interface:  The layout of these can be modified by clicking and dragging on the top
left/bottom right corners of a window (marked with lines: B). Dragging horizontally/vertically within a
window will split it vertically/horizontally, and dragging into another window will merge the two. Right
clicking in each allow the constituent tabs to be aligned horizontally or vertically. A drop down list is
usually found in the bottom left corner (circled above) which allows you to change the window type. The
largest one, with an orange-outlined cube is the 3D view, in which much important work takes place.

Useful initial layout:  The top right window is the Outliner, listing everything in the scene. This can be
expanded into the Properties window directly below. The bottom horizontal window shows the animation
timeline. We don'’t need this yet, and it can be changed to a Properties window. Remember right mouse
button (RMB) Horizontal — it will make it a lot more usable.

Manipulating the 3D view:
Rotate = middle mouse button (MMB).
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Translate = Shift + MMB

Zoom = Scroll MMB / Ctrl + MMB

Alternate views can be found in View menu (at bottom left of window). Most useful is camera view
(shortcut = Numpad 0) — once the initial setup is done, you can pretty much stick to this one.

Importing meshes: If necessary remove any meshes (i.e. the initial cube). RMB on mesh to select,
delete  OK. Then File  Import and select required format. If the format is not shown, File  User
preferences  Add-Ons (tab) Import-Export and tick required format to enable add-on. Navigate to
mesh and LMB to import. If there is more than one, A will select all. LMB + shift allows you to select
multiple meshes. Hit import and wait.

Changing view mode: If computer struggles to display a surfaced, shaded mesh, you can change the
3D view to wireframe, or even bounding box mode with circled menu:
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Parenting: Currently imported meshes (if there are more than one) will
translate/rotate/scale independently — not what we usually want. It can be useful to
then parent all the meshes to a reference (often the largest) object. To do this Shift +
LMB on all the necessary meshes in the outliner view, choosing the reference one
last (depending on the import it may be necessary to expand each outliner entry and
clicking on the daughter mesh — see left). Place the mouse over the 3D view and hit
Ctrl + P then OK. This will parent all the meshes to the last selected one (also shown
left). You can also do this in the 3D view by Shift + RMB to select then Ctrl + P. Now
transformations applied to the parent will also affect the daughter meshes.

Transforming meshes: While selected S=scale mode, G=grabber mode, R=rotate
(hitting R multiple times changes the axis of rotation). Moving the mouse then applies
the transformation — the selected object will appear in white, rather than orange when
in a transformation mode. The centre of rotation/scaling can be altered with the
squared drop down above. One option is the 3D cursor (shown left), which
- also dictates position of newly added elements. It is moved by clicking RMB.
Objects can also be transformed in a single axis by either holding down the axis
(X/YIZ) on the keyboard when transforming, or in the case of translation, by dragging
the red, blue and green arrows which appear when an object is selected. Most
options are also available as tabs in the Object Tools panel on the left of the 3D view.

Properties window: Hitting N in the 3D
view brings up a Properties panel on the
right hand side, which allows exact
transformations (right).

Tracking camera: A camera is placed in
the default scene, marked with an arrow
to the right. This can be directed towards
the objects using the simple translation
tools above. A shortcut, however is to
select the camera (RMB) and then parent
mesh (shift + RMB). Hit ctrl + T. Three
options appear — track to constraint will
make the camera always point at our
parent mesh. This is a nice easy way to
move it and keep the object in view. If it
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ever becomes a problem, alt + T with camera selected will remove the constraint (with the option of
keeping the camera in its current orientation). Now moving the camera (RMB G move mouse) until
it is above the meshes is relatively easy (but directly above it will do a very quick rotate in order to track
the object in a movie-like manner). Fine positioning is often done best through camera view (numpad 0).
The aspect ratio of the camera is altered from the render settings, which we’ll get to later.

Lighting Setup: Blender offers a range of different lights (for a full rundown of the differences do email
me). The most useful two are Spots, which allow ray traced shadows and add and element of realism to
surfaces, and Hemi lamps. These don'’t cast shadow, so provide a nice even illumination, and light all
objects constantly from one direction (think like sunlight, but minus shadows). IT also doesn't matter
where in a scene they are — only what direction they point. By default a Point lamp is added to the scene.
This is useful for previewing renders, but not much more. Delete, then add a new lamp (Menu  Add

Lamp  Spot). If you can't see add click the plus next to the top left drop down with an i on it. The
newly added lamp should be selected. Select your parent mesh as well (Shift + RMB) and add a track to
constraint, then it's traditional to put it somewhere towards the top left. Check in multiple views by
rotating the scene (MMB) to make sure the lamp isn't under the mesh. In the same way you can add a
hemi near the camera, or to the bottom right, which generally gives a good lighting setup.

Adjusting Lighting:  All objects (meshes, lights, camera, etc.) have properties which can be adjusted.
These are found in the properties tab which we set up to be the lowermost horizontal window at the
beginning:

Image Editor

The icons along the top vary depending on what is selected. To change the brightness of lights you need
the circled icon. Which brings you to here, for a spot:

Energy is brightness (often needs to be knocked down a notch for the spot and more for the hemi - ~0.5
is often good). For the spot, falloff should be constant, and Ray Shadows should be selected rather than
Buffer Shadow, unless rendering speed is an important consideration. Double clicking the panel above
energy allows you to adjust the colour of the light — not usually necessary.

Rendering: At this point, a test render is very useful, to ensure the lighting isn’t way off. To do this,
either hit F12, or select the camera icon in top bar of the properties window and click the image button in
the Render tab:

Image Editor

An introduction to Blender for Scientists. MXIF group meeting, 3" and 4" October 2011, Research Complex at
Harwell.
russell.garwood03@imperial.ac.uk



The background colour can be set by selecting earth icon in the top bar, and then setting the horizon and
ambient colour to black in the World tab (right, previous page). This will open a new window, with a
render time written at the top, and display the image as it renders. My current attempt is shown below:
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Good news, we're getting somewhere! You can close the render window with escape.

Common lighting problems:  If there are areas which remain unlit by the spot (e.g. the uppermost part
of the above render), it could be too close to the mesh. Moving it further away should solve this. If the
mesh is oversaturated, lower the energy. If it's too dark make sure both lamps are camera-side of the
mesh, and both are rendering (the camera symbol in the far right column of the Outliner window should
not be greyed-out).

Common camera problems: If — like the above shot — the model isn’t contained within the render
window, there are several options. The camera can be moved away, or the model shrunk (we can set
the final images to render at any desired resolution so ‘small’ models aren’t an issue). Furthermore, the
focal length of the camera can be changed using the camera properties (blue, below):

You can also switch between Perspective (default) and Orthographic views here. To change the aspect
ratio of the camera, go to the render properties again (far left button above, circled), and then the
Dimensions tab. You can then alter the resolution of the render, which dictates the aspect ratio (both X
and Y). Often tweaking the position of the meshes will highlight problems with the track to constraint, as
the camera will move to follow them. Thus here | often alt + T and remove constraint but keep
transformation.

Settings for figure renders:  If you have only a single
material, and you're happy with the white default colour,
you can create a final render now, you lucky thing. For this
you can render anything up to 10000 x 10000 pixels with
relative ease by setting the dimensions as outlined above
(higher than this is fine, but quite slow). The percentage
under the X/Y resolution options scales the renders — so
should be set to 100%. Anti-Aliasing should be set to 16
unless render time is an issue. In the Output tab on the far
right, an output folder can be defined, and file
format/colour mode selected. F12 then renders the final




image, and F3 saves. My render at this stage is shown on the left.

Creating materials: To colour meshes, materials need to be added via the Materials part of the
properties window:

Selecting a mesh and clicking new will add a new material, which can then be renamed by replacing the
default name “Material” next to the arrow below, and adding a custom one:
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The colour of the material can be altered by double clicking the colour panel in the Diffuse tab (this will
not change the reflection — specular — shading, but doing so rarely looks very good). If you're using
defined RGB levels and they look off, Properties window Render Shadingtab  Colour
Management should be unticked.

Assigning materials: Multiple materials can be created, and the same material can be applied to a
number of meshes (or parts thereof — if needed, email me for instructions) — just select the objects in the
Outline or 3D window, go to the Materials tab in the Properties window, and assign them from the drop
down box (or create new ones as above). There are a host of other material properties here, including
shading models and transparency — any questions about these, drop me an email.

This is usually everything necessary for figures. It is now just a matter of altering the orientations of the
meshes using the grab and rotate options, and then rendering and saving them as described above.
Final renders using multiple materials and adjusted lighting are shown below:

Making movies: Movies in Blender are done using keyframes. Virtually anything — colour, position,
rotation, scale, transparency, material, texture, cameras, lights — can be keyframed, allowing all to be
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animated. To make a movie, change the bottom horizontal Properties window into the Graph Editor. The
green vertical line represents the current frame. A keyframe is merely a record of the required property at
a given point (recorded by fame number).

Adding a keyframe: Select the first frame by dragging the horizontal green line. Position the meshes as
you would like them to be at the start of the film. It is usually easiest to do this by moving the camera,
and keep the meshes as imported, with zero rotation (their rotation is shown in the Transform tab on the
right of the 3D view). Once it's all set, hit i. This brings up a list of options to keyframe — the most useful
are usually Location, Rotation or LocRot. For a simple spin then go to the final frame (i.e. if it's 25 frames
a second, and you want a ten second movie, frame 250) and change the required X/Y/Z rotation to its
original value, plus 360 degrees. This will allow the movie to be looped. Sometimes the rotation does not
come out as expected because of the orientation in which the meshes were exported from the
processing software. When this is the case, changing the Transform Orientation (square below) and
pivot point (circle) can sometimes help:
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If the mesh is unusually shaped, this does not help, or a more complex path of motion is needed, then
it's normally a matter of multiple keyframes to constrain the motion.

Previewing movie: You can preview the animation by dragging the green horizontal bar between
frames, or click on the play symbol in the Timeline window.

Modifying keyframes and paths:  This can be done by re-adding a keyframe to the required slide.
However, keyframes can also be modified using the graph editor, where they appear as points with
interpolated lines between them:
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The lines represent the change in the keyframed property, and their gradient the rate of change. This
can be modified using the splines (RMB select, G grab). The keyframes can similarly have their value
changed, or be deleted from the graph editor.

Rendering animations: Once you are happy with the keyframing and meshes, the movie can be
rendered. It's usually worth lowering the resolution for this (Properties window  Render). In the Render
properties, you can specify the frame range and rate (Dimensions tab), and in the Output tab, the target
folder for frames/movie and output file format. Blender offers a wide range of output formats including
both image stacks and movies (options for the movie filetypes are found in the Encoding tab, next to
output — this may need to be expanded).

Video sequencer: Blender allows you to create movies from image stacks, using the Video Squencer
window. To do this, change the 3D view (preferably in a new instance of Blender) to the Video
Sequencer using the bottom left drop-down. The movie can be previewed in this view with the circled
option (next page), and animated/played from the timeline window (bottom horizontal window on
screenshot). To create a movie from a stack simply click Add Image, navigate to the stack, select all,
and insert. This will then put one a frame, and the movie can be output using Properties  Render

An introduction to Blender for Scientists. MXIF group meeting, 3" and 4" October 2011, Research Complex at
Harwell.
russell.garwood03@imperial.ac.uk



Animation (remember to select the correct output format first). This can also be used to edit together
clips, add sound, and create more complex movies. If you would like an introduction to this, please
email.
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These are the very basics of Blender. There are a huge range of useful tools and tricks hidden away,
most of which | also don’t know. If you find anything useful which is not mentioned here, please do email,
and also please do so with if you have any feedback. In the meantime, happy blending.

-- Russell
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