Creating large bodies of water in Blender 2.41 Part 1 
By Cog aka Colin Litster 
Areas Covered 
Over the last few years I have been experimenting with techniques to help convey realistic large scale oceans and seas. In my previous tutorial I discussed techniques that would enable a stormy ocean to be created to the horizon with reasonable results. However, the techniques suffered from the effects of repeating patterns and restrictions in panning or moving the camera. One important aspect that was missing was wave crests. This was pointed out to me by several more nautical colleagues than I. 

Realising that I would need several seas for my production, from calm weather through to force 12 hurricanes, I have been developing techniques to make that possible within Blender. 

In particular I wanted the challenge of creating oceans in which the:- 

• camera could pan and move freely 

• appearance of reflection, refraction and transparency looked like Raytracing 

• render time per frame is less than 3 min for an HD size images. 

That last criteria has been the biggest challenge. Blender now offers reasonable raytrace rendering either internally or via Yfray. However, render times become considerable when dealing with complex subjects like water in motion. Once I had discovered methods of creating wave crests, transparency and motion, I needed to cut the render time of over 1 hour for a 640 x 360 frame down to about a minute for the same size. Although it has taken me sometime to research and develop the techniques described I have learnt much about Blender which will have relevance to more than just the simulation of oceans. Blender like any other 3D package has many tools that if applied creatively can mean that any visual effect or style can be simulated and that nothing is impossible. It also means that even mistakes can be made useful. My 2 years in developing these techniques have produced accidental effects that only experimentation would have found. Indeed I read somewhere a quote from Peter Jackson to the effect that innovation is attempting the unachievable and failing. 

New Ocean Techniques in Blender 

[image: image1.wmf]
The previous tutorial is still useful by the way. Indeed I have used some of the settings and techniques from that in the latest simulation. The new techniques discussed here have only become available or useful in recent versions of Blender. Particularly displacement mapping and sub surface division (v2.32). However, as with all my tutorials I try to make them as backward compatible as possible. With that in mind all the illustrations are from the latest Blender v2.41. I would recommend that you do all the exercises in that version if possible. 

As always I do not claim these techniques are the only way to achieve oceans. The procedures described here are merely 

‘a drop in the ocean’. 
Prerequisites 
You should have a basic understanding of creating, scaling, moving and rotating objects. You should also know how to scale and move mesh vertices as well as how to extrude. You should understand materials and textures and specifically how to add IPO’s to material movement. There are several other tutorials on my site to help you learn these basic techniques. 

http://www.cogfilms.com/tutorials/Animated-Procedural-Textures.pdf
http://www.cogfilms.com/CQTs-1.html
http://www.cogfilms.com/tutorials/Blender-Seascape-Tutorial.pdf (that’s the old ocean tutorial but it does have explanation on material IPO animation) 

Also refer to the http://mediawiki.blender.org/index.php/Main_Page (The Blender Media Wiki ) 

Research 
As with any 3D creation, particularly one requiring detailed textures, research and observation will save you an enormous amount of time. Fiddling in a 3D application for inspiration can waste an enormous amount of time. For my project I visited the local library to view art books by famous naval watercolour artists such as John Salmon, R.B. Spencer, and others Of course if you are near the sea go out and stare at it for several hours. Examine what’s happening with the wave motion. Ask yourself how many layers of wave are there and what’s their speed? What colour is the sea? What is floating on the surface i.e. seaweed, foam from the waves, debris? How is this effected by any of the other things. 

For me it came down to a few fundamental things that I would need to work on within Blender. If these are correct then small fine tuning should produce the effect I wanted. 

• Colour 

o A daylight lit scene in this tutorial mainly to make it different from the last dark moody ocean tutorial. Search Google images if you don’t have a good library near to you. I choose a pacific blue for calmness and serenity. 

• Depth 

• Transparency 

o The water has transparency and its colour will change with wave thickness and distance. Once again I used the examples from the library books to determine the colours. 

NOTE: Nothing to stop you scanning the pictures to your favourite paint program and getting the RGB values directly. You will need to convert the 0-255 values to Blenders 0-1. 
• Timing (creating realistic wave motion) 

o Random wave motion is quite complex but speed and scale will either make or break the illusion. Trial and error can find the appropriate speed of the waves but observation will enable you to determine the distance travelled over what time for a wave. 

• Wave Crests 

o Wave crests were my new essential effect. These are small bubbles formed as a wave becomes unstable at its crest. They are mostly seen where seas become shallow or when strong wind disrupts the waves in open water. These bubbles exist under the water as well as on top. So that means dynamic foam effect that must appear to be generated below and on top of waves in a random but controllable fashion. 

• Lighting 

o I will need both daylight and night shots in all kinds of weather so this time I use light to help ‘paint’ the shot. It also enables the simulation of raytracing without the render time overhead. 

Exercise 
Have a go at developing your own fundamental scene descriptors such as colour etc. 

Go to the library and find some books with good photos or illustrations by naval artists. You can also research via Google for inspiration. Scan some of these and examine the colours in your favourite paint program. Make a note of the R, G, B values for the overall sea colour, transparent sea colour, foam colour and any other variation. Work out a way of converting these (0-255) values to Blender R, G, B (0-1) values. See what they look like in Blender compared to the original illustrations. 

TIP: Render several simple planes with each of the colour settings from an overhead camera position. If you can’t get the lighting correct make each of the materials shadeless. Use both the default renderer and also the Unified renderer and note any differences. By doing this you will have saved yourself an enormous amount of time. Using any 3D program to experiment with colour will take forever. Rendering takes time and small renders give little idea of what the final result will be. At least this way you will be half way there before you start rendering. 

Starting to create our ocean 
To help create our ocean lets get the camera and some simple lights into position. 

The Camera 
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	Create a new scene in Blender and set the default camera to the following position:- 

The easiest way to do this is with the camera selected press the nkey in one of the views to display the numeric entry panel and alter each setting to match the diagram above. 

NOTE: Blender v2.41 now has easier field entry by pressing the TAB key. This moves you forward to the next entry making it much quicker than previously. (SHIFT TAB takes you to the previous entry if you make a mistake) 

The Lights 
Initially we only need a couple of lights to illuminate our scene. One lamp and one Hemi. Later we will add additional lights to help paint our picture. 
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Create a simple plane mesh 
With the cursor on the centre grid position and from the TOP view port (NURMERIC Keypad 7) create a plane mesh (SPACE, Mesh, Plane) 

Before we go any further it’s a good idea to save your work regularly in case you make a mistake. This is particularly important when you start a new project as the default name of a new file is Untitled.blend. Blender provides tools to auto save in the background and also comprehensive UNDO (CTRLZ) or REDO (SHIFT+CTRLZ) if you make mistakes. However, I have used computers for too long to trust such important requirements. SO SAVE YOUR WORK REGULARLY 

SAVE YOUR WORK HERE 
To help you I have mounted a blendfile, up to this save, at the following location:- 

http://www.cogfilms.com/tutorials/new-ocean/new-ocean-01.blend 
	We now need to setup the mesh so that it can correctly display our ocean waves. To do this we need a mesh with quite a few vertices. We will be using material displacement and with the camera so near to the mesh it is important use a high vertex count or the wave movement will look choppy and distorted. However, the further from the camera that vertices are the less detail is required to fool the eye into thinking that waves are playing on our ocean. 

Unfortunately Blender doesn’t have any inbuilt system for creating such a mesh automatically. However, it does have simple tools to help create it relatively easily. 
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Increasing the size of the plane 
With the plane selected enter mesh edit mode (TAB) 

Select all vertices (AKEY) that’s the 4 corners of our default plane in the top view. 

Scale the plane mesh (SKEY) to something like the image above. 
That’s about 10 grid squares. You can use the SNAP Menu (SHIFTS) and Selection to Grid to help you. 

We need more vertices so with all vertices selected (AKEY) press W and subdivide 6 times. Also make sure you Set Smooth. 

That’s 64 x 64 vertices on each side. We will be using SubSurface division later to further add detail but for the moment this will do. 

While we are in mesh edit mode, and all of our vertices are selected, let’s make the mesh smooth or it will look like faceted glass rather than undulating ocean water. 

In the Edit button (F9) select Set Smooth. 

SAVE YOUR WORK 
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	Obviously an ocean needs the capability to stretch to the horizon. Theoretically we could create a very large plane with a high subdivision level but this would require a monster system with Terabytes of RAM and months to render each frame. So we need some way of extending our mesh without increasing the vertex count too much. 

I decided to employ a trick I have seen in other 3D applications which is basically stretching edge vertices outwards the further from the camera that they are. Fortunately Blender has some excellent tools to achieve this simple idea. These are the extrude and scale mesh options. 
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	Select the edge vertices 
The easiest way to do this is use the BKEY for Box select and use the middle mouse button to deselect all the inner vertices of the grid above. 

You can alternatively deselect every vertex (AKEY) then use the Box select (BKEY) to just select the edge vertices. 

Extrude and Scale this selection 
Be careful with the order that you do the next few steps as it can produce odd results if you don’t follow the order exactly. 

Press EKEY and from the extrude menu select Only Edges. 
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	Press S, for scale, and move the cursor away from the centre position to increase the scale. Click the left mouse button to place the new vertices. 

Repeat the above key presses a number of times to copy the image below. 

As you can see the process is producing more vertices but spaced further apart the further from the camera you go. 

Expand the plane mesh further. 
You need to keep going until you have a plane mesh as show on the next page. 
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You may ask with why we started with a square mesh and not a disc or round mesh. The reason is that all our faces are now quads whereas a disc mesh would inevitably produce triangular faces occasionally which play havoc with complex displacement mapping which we will be using. 

SAVE YOUR WORK 
I have included another blend file up to this point of the tutorial. It can be found here. 

http://www.cogfilms.com/tutorials/new-ocean/new-ocean-02.blend 
TIME TO START ADDING THE MAGIC 
Creating the waves with displacement 
In my previous seascape tutorial I used the wave modifier along with bump maps to generate the waves. Although that system was very economical with render time it produced relatively uniform waves. At that time the displacement mapping capability of Blender had only recently been introduced. As a result renders were very long and required large system resources. However, Blender has moved on since then and RAM has become affordable. Therefore I now almost entirely use displacement mapping to generate my ocean waves. 

Creating an Ocean Shader 
With the plane selected, and in object mode, create a new material (F5) and name it SEA. 

[image: image10.wmf]
Set the following Col(our) settings:- 

• Red = 0 
• Green = 0.189 
• Blue = 0.360 
Check that the Ref, Spec and Hard settings are as shown. These are the defaults on my system and as they work for me why change them now. 

By the way the Colour settings are easily changeable in this material shader. You can alter them to other values as you progress. I would advise however, to keep colour changes small as the effect on your render can be quite dramatic with anything other than small changes. I personally like to get near to what I want then fine tune the colour in a paint package. It can even be done in the sequencer to a reasonable extent. Post processing means you keep more control as you develop your work. 

Create a Displacement Texture for our waves 
Create a new texture for this material (F6) and name it Displ. Then set the following settings for a cloud texture. 

[image: image11.wmf]
	The important things here are highlighted in yellow. The cloud texture is set as a Hard noise with maximum NoiseSize and NoiseDepth. Of particular importance is the slight increase in Brightness and Contrast for the texture. This ensures the maximum height difference between crests and troughs for our waves. Never set the contrast too high for displacement or you will find either the crests or troughs flattening off which is very unrealistic for ocean waves. 

Mapping the Texture Correctly 
We now need to map this texture as a Displacement so from the material shader (F5) copy the following settings:- 
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If you were to do a render at this point you may be disappointed. Currently the displacement is mapped as ORCA which means within the bounds of the object. Although this is fine for many materials it has distinct problems when applied to something as large as an ocean. Fortunately Blender has many mapping methods and now is the time to employ one which will make the task of animating and stretching our texture around the world a simpler one. 

Create an empty in the centre of the Plane 
Select the plane and press SHIFTS, Curser to Selection 
Then press SPACE and add an empty. 

Empties are one of your most useful tools. They can be animated like any other blender object. They can be referenced so that other objects follow them. They don’t render but in our case they can be used for a material to track them. That means the speed of our waves 
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	can be controlled by this empty. This is a lot easier than animating complex material IPO’s to produce movement in one direction or another. As you can see we have set the map input to the Empty. However, its is necessary to alter the sizeX, Y and Z or the relationship will be out of scale. Experimentation has shown me that the nearest approximation to ORCO mapping is between 0.2 and 0.35. It’s not an exact science but start in that range and you will not go far wrong. 

You will notice that the sizeX setting is lower than Y and Z what this does is add a little elongation in the X axis which I find creates a more realistic wave. 

At this stage ignore the ofsZ value. We will be setting an IPO later that alters this value tgive dynamic variation to our waves. o 

SAVE YOUR WORK 



Render a quick view of how the material is going. 
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Not very exciting at the moment is it. However, you can see the displacement creating crests and troughs of our waves. Let’s add some small waves to break up the surface. 

Small and Tiny Waves 
Create a new texture in the next available texture slot (F6). Call this tiny-waves with the following settings. 
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These were the settings used in my original seascape tutorial and they still work here. 

Create another texture and call this small-waves with these settings. 
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You will notice that they are exactly the same settings. However, we will change the way they are individually mapped in the material settings. 

In the Texture context (F6) select the tiny-waves texture and switch to material shader (F5) 
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Change the settings as indicated above. The sizeX, Y, and Z is set to 100 which is important as it will mean the waves are tiny. Funny that increasing the scale actually reduces the size of the texture. Also note that the Nor is set at 3.41. Again these settings were used in the previous tutorial. Why change them when they work. I have also just used the ORCO mapping rather than the Empty. These textures are so small that at distance you will not see any repeating patterns so there is no need to map them differently than ORCO. 

Now select the small-waves texture and change its settings to the following. 
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The only difference here is that the scaleX, Y, Z are set to 50. In other words twice the size of the tiny-waves. 

SAVE YOUR WORK (I know I’m asking you to save frequently but safety first) 
Render another quick view of how the material is going. 
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You may at this point want to add a light to paint some specularity onto the waves to help show the shape as it progresses. 
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A lamp has been created on the opposite side of the plane from the camera with its diffuse shading turned off and its energy set up at about 2. If you don’t know how to make these changes to a light read the Blender Wiki manual. But don’t worry an ordinary lamp set away from the camera will give some shape indication of how your wave material shader is going. 

TIP: If you move this modelling lamp to another layer (MKEY) and turn on its layer setting it will only render if you have selected its layer at render time. 
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SAVE YOUR WORK

