Advanced IK Setups ...

	The Boot

	IK Setup Type 1
[image: image8.jpg]


Well here she is... Meet IK Setup Type 1. Lets look at her for a moment and study her structure. As you can see her skeleton is designed for a normal bipedal humanoid creature. The chain for the legs and foot are a single chain. Notice the grey chains on the feet. These chains are not her feet. Instead they are seperate chains that provide controls for the forward kinematic motion of the toe, and heal. It's also used to position the feet when animating. This control allows the animator to use both the Inverse Kinematics of the foot, and Forward Kinamation. This chain i will refer to as the "Boot". In a sense thats what it is. If you dont understand the boot concept yet, you will by the end of this tutorial. For now know that this boot is not part of the leg and foot chain, and that the root to toe chain is all one chain of bones. The boot concept is used in both setups, Type 1 and Type 2. 

The dummies are the animation controls. All animation is to be done using these dummies. Nevermind the blue End Effectors in the scene. 

  

(Note Joint limits are hidden in this image, but they are setup) 




PROS: 

  This skeleton allows you to have all the controll you'll need to animate. 

  Allows FK and IK animation on feet/toes 

  Allows for controll of the upvector plane of the leg chain. This allows the animator to orient the knee as desired. (only in a Type 2 setup) 

CONS: 

  Knee position does not stay "forward" when rotating the hip controller during a walk cycle. By forward I mean staying inline with the foot. It will turn with the hip. Other wise the knee behavior is correct. The solution to this is to not rotate the hips on the Z axis during a walk cycle. However there is a control to correct this by manual FK animation. Since max doesnt have an Upvector/Pole vector constraint, this is the best one can do. (only in a type 2 setup) 



IK Setup Type 2 
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Setup Type 2 uses the same concepts as Type 1, however it solves the knee positioning problem. Both Type 1 and Type 2, use the boot concept, and contain the same controls. The difference is in the Skeletal structure. Type 2 uses 2 chains, and an extra joint to control knee positioning. You can then use a look at controller to fake an up-vector constraint 

PROS: 

  This skeleton allows you to have all the controll you'll need to animate. 

  Allows FK and IK animation on feet/toes 

  Allows for controll of the upvector plane of the leg chain. This allows the animator to orient the knee as desired. This solves the knee positioning problems that occur with Type 1. 

CONS: 

  The skeletal chain is now 2 chains. This makes the foot detatchable if animated carelessly. 

  The simulated up-vector constraint may not be as stable as a real up-vector constraint, but is still very useable 





The boot (below) does 2 things. It controls movement, and works as a visual aid. The boot consists of a single chain of bones. The root of the chain does not have the "New IK" controller. However the rest of the chain does use the "New IK" controller. 
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The boot is a 3 bone chain. as you can see the boot is made to mimic the foot and toe bones of the IK chain or chains that will be used to actually deform the character. 

At the toe pivot, there is a rotation end effector. This rotates the heal of the boot. The end effector is linked to the "heal controller" dummy object. Now you can rotate the heal controller dummy object on its local axis and it will rotate the heal of the boot. 

Now we need to create a control that allows us to animate the position and rotation of the of the foot. To do this, just simply parent root of the boot chain, and the heal controller dummy to the foot positioning controller dummy. 

Now what we have is a working boot. The animator is to use the 2 dummy objects to control the foots rotation, positioning, and heal lifting (rotation). 

One again, remember that the boot is not the skeletal structure that is used to deform the characters surface. It is only a way of controlling the skeleton that will be used to deform the character. 

The boot is the key to both setup Type 1 and Type 2. It allows simplified control of the foot, and its visualy appealing as a guide. Nothing is worse than a cluttered setup with controlls everywhere. The boot can also be used to drive an expression is desired. 

Also the boot rotates about the tip of the toe like in real life. If you'd like to have the foot rotate about the ball of the foot, just simply create a foot position controller dummy under the ball of the foot. You can also use "effect pivot only" and move the pivot to any desired place. 

Now that we have a working boot, and you understand the controls. Lets take a look at a Type 1 setup. 


The type 1 setup is a good place to start when learning an IK setup. Because once you start to use it for animation, it becomes very apparent to you the user, that it doesnt do what you need it to do. Actually what becomes apparent, especially to Maya and Softimage users, that in 3D-Studio Max, there is no Up-vector constraint (Softimage term) or a Pole Vector constraint (Maya term). 

Now what is a constraint? 

It is just that, a constraint. It constrains an object to another object. That object can be a null (dummy), an end effector, or even a light. But the point is that it constrains an objects movement to another object. A simple link is kind of a constraint in its simplest form. However it really isnt a constraint because if i link a sphere to a box, i can then animate that sphere independent of the box, but i can still translate that sphere and its animation by moving the box. A constraint doesnt allow the constrained object to be animated. Instead it knows to follow the object that it is constrainted to in what ever manner that the constraint is. There are different kinds of constraints such as, point,aim,tangent, etc Lets talk about the most relavent one to this tutorial, and that is the Upvector/Pole Constraint that i just mentioned. 

Type 1 setup is bad?, Why even mention it!? 

Ok so i've mentioned that a Type 1 setup has a problem, so why did i even mention the type 1 setup? Well the answer is simple. Normally in maya, you can do the type 1 setup with constraints becuase it has something called a Pole Constraint. In softimage this pole constraint is called an up-vector constraint. What is it? Basically every chain you create has an up-vector. In otherwords it has a predetermined plane that defines an orientaion of the root. For animation purposes, we use a constraint to constrain that up-vector/pole vector to a null. For max users, you can kind of imagine this as a look at controller that only controls the rotation of a single plane. Max lacks an up-vector constraint, so we have to make do with what we have. We can kind of get around this by using a trick. Granted its not as nice as having an up-vector constraint, and this trick does not simulate a real up vector constraint but it does allow you to controll the plane of your leg chain. 

Lets look at the Type 1 setup! 
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Here it is. The basic Type 1 setup. From this image you can see that the entire hiearchy is parented to a dummy (null). The root of chain is not really the root of the chain. Because it isnt assigned the "new IK controller" Actually the real root of the leg chain begins at the hip. We'll call this the Actual root of the chain because its really where the IK begins since the "root of the chain" doesnt have the IK controller assigned to it. In Maya we could create our skeleton like this, but we'd use the handle tool to define the chain from the "actual root" to the "end of the chain" This then places an end effector at the end of the chain, and then creates an IK chain. In max we dont have this kind of ease of use, so we have to be careful in our bone creation. 

To create the bones in the propper way we must first create the "root" 

Steps: 

· goto create/systems Panel 

· click bones 

· turn off assign to root (if its on) 

· click in the viewport to create the root and then click again in the viewport to make the bone. 

· Now select the "bone" part and delete it. This will leave you with a root. 



Now we have a root 

This root doesnt have the IK controller assigned to it. This means when we create our leg chain and parent it to the root, that our IK chain will start at the actual hip bone. "Actual Root". This is what we want. 
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Go ahead and create the leg chain from the actual root, to the toe. Note that when you create this chain do not continue from the root that we just made. Make this a seperate chain. Turn on Assign to Root Check box, and Turn off the create end effector check box. Once you have the Leg to toe chain, Link the "actual root" to the "root" this will automatically create the bone that connects the two together. (See image Step 1) 
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Step 2



This is what you should have if you've created everything correctly. (See image Step 2) 

  

Please note that this tutorial expects you to understand the basics of bone creation in max. I will not go through the entire steps to create the skeleton to save time, and i expect you to beable to do that on your own already. If you can not do that, please refer to your 3D-Studio Max Manuals and go through the Bones section. 

  

  

  

  

  

  

  

  

Whats Next? 
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Next we need to create the end effector at the toe. If you look back at the Step 2 image you can see that the toe bone has the last possible pivot. That last diamond at the end is where we need to create and end effector. We will also need to place one at the heal. (See image Step 3) And.. we will also need one at the pivot between the heal and toe. This now allows us to keep the foot flat on the ground. These 3 end effectors will be driven by the Boot. 

  

  

  

  

  

  

  




Gettin' yo Boot on! 

Before we put the boot on our foot, we must create it! 
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Lets create the boot... Look at the image above. In the Boot, the root of the chain does not have the ik controller asigned to it. So to create the boot, you must turn off the "assign to root" option under the bones creation menu. You should beable to create the boot easy by following the diagram, just know that the root should not have the IK controller assigned to it. Also, Note that first bone goes from the root to the end of the toe, and then back to the ball of the foot, and finally up to the heal. The Joints of the bones should be exactly matched up with the joints of our skeletal chain that we made earlier. You can make the boot first, and then position the joints in more precise positions. Once you have the joints of the boot matched up with the joints of our leg to toe skeleton chain, you can then place a rotation end effector at the ball of the foot joint like in the diagram. 

We will need 2 dummies to control the boot. So create 2 dummies. One under the heal, and the other under the toe as depicted in the diagram. Now Link the root of the chain to the dummy at the toe (Foot position controller) 

Now lets link the rotation end effector to the heal controller. In order to do that, we need to go to the motion panel, and select our rotation end effector. At the bottom of the motion panel, you'll see "End Effector Parent" Click Link, and select the "Heal controller dummy". 
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Ok by now you should have this. (See image Step 4). Notice i have also placed a dummy object at the root of the entire skeletal system. You should do this aswell, and then parent the Root to the dummy. 

The boot is in place... . Lets look at how the boot works. 

Rotate the heal controller dummy object (See image Step 5) When you rotate the heal controller, the bone on the back or "heal bone" should rotate with it. If you rotate the Foot controller dummy, the entire boot should rotate. 
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As you can see, we now have controll of our boot. This boot will drive the animation of our skeletal chain. Lets hook them up. 

  

Putting your Boot on: 

Putting the boot on is fairly simple. All you have to do is parent the propper end effector to the propper bone or controller of the boot. 
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In Step 6, (See image Step 6) The white lines symbolize linking. It should be self explanitory. Note that when you do this, your boot should be matched up with the foot bones of the skeleton. In the example i've moved the boot off of the foot in order to clarify what is happening. 

The Result: 

Now that we've created a leg and boot, it should all work. Go ahead and test it out. If it doesnt work, or you'd like to see the entire working leg/foot skeleton, load up this example file. 

· Type 1 example file - (3D-Studio Max 3.0 Only) 

Why Type 1 Doesnt work in all situations. 



Type 1 is a very good setup to start with. But if you're a serious animator, you'll find its flaw right away. Earlier in this tutorial, I mentioned an Up-vector constraint. Most Softimage and Maya animators are very familiar with this term. An up-vector constraint is something that max cant do. There are ways of getting around that down fall though. However they are not in any means as good, or as user friendly as having a nice constraint system. 

So what does this mean for max animators. Well, Ok so what? We dont have an up-vector constraint. You're project is due, you have to animate. Well you'll just have to figure out another way to control your chain's up-vector plane. That or use the incredible ik/fk system of biped to do your "freeform" animation 

What do animators use up-vector constraints for? 

The most common use is the elbow/knee aim. 
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In this diagram we see how an up-vector constraint works. The skeleton in this system uses the Type 2 setup. Since max doesnt have an up-vector constraint, we're faking it using a look at controller. We'll talk about this setup more in the Type 2 setup section. For now just know that this is a Type 2 setup, and is a skeletal setup in Max. 

Back to the diagram, As you can see, we're using a dummy to controll which way the knee aims. We can have it look straight ahead, or we can have the knees look at each other, in that "knee knocking, terrorfied Woody from Toy Story pose" This type of control is very important. I cant stress how much important this is. Without this type of control your skeleton will be missing one of the primary degrees of freedom of a human skeleton. Actually you'll have the degree of freedom, but without this kind of constraint, or faking the constraint.... you'll lose the ability to control it. Although you could put an end effector at your knee joint, that would work just as well atcually but you'd have to keyframe it a lot more. The worst part about having an end effector at the knee is the result of the IK solution. More end effectors mean slower IK, and less accuracy because the IK solver is trying to fit your skeleton to multiple end effectors. 

Note, Biped in Character Studio features a very nice and easy way to aim your knees and elbows. But Biped is its own system and sometimes doesnt fit everyones need. I do recommend that if you're animating a bipedal character, Biped should be you're first choice of doing so in max. It is an incredible system that has an ik/fk seamless functionality that goes far beyond even maya and softs IK in terms of control. Where biped fails to compare is in the fact that it is a closed system. It is a Bipedal character and no more. But for Bipedal characters it is an excellent system for hand animation. 

Ok... So Why is the Type 1 setup bad? Well, It wont let you fake the up-vector constraint. Type 2 does. However the Type 1 is still usable, its just not as controllable. It may be a little more stabler though since we're not using a trick. But if you're animating a character with IK bones, a Type 2 is what you'll want to use. Ok lets get on with the show... Lets get to Type 2... 

Type 2 Setup 
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Here she is.. Type 2. She looks like Type 1 doesnt she? Well if you look closely there are some differences, but overall.. They are the same. 

There are 2 differences in the skeletal structure. Unlike the Type 1 setup, the foot chain is a seperate chain. It isnt part of the leg chain. The other difference is that there is an extra small bone at the hip to give controll to the rotation plane of the leg chain. 

This extra joint does not have the IK controller on it. It instead has a look at controller assigned to it 
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Here you can see the extra bone. I've zoomed the joint, becuase they're really close to each other. I mean really close. So close that you wouldnt know. Notice the limits on the bones. I've setup limits on the X and Z axis on the hip bone because i dont want the IK to interfere with the Look at controller on the small bone above it. Note, i also disabled the Y axis completely. 

I mentioned that the foot is now a seperate chain. this is to allow the leg chain to rotate properly with the look at controller. The down side to this is that the feet can rip off if you're careless. But it works well enough. 

Type 2 features 2 dummies that fake the up-vector constraint. The small bone in the hip that controlls the rotation plane of the leg chain can be keyframed manually if desired. You can just remove the look at controller and keyframe the bone. 

The best way for you to understand this Type 2 setup is to disect the scene file with your new knowledge of the Type 1 setup. Again they arent that different. 

Go ahead and look at the example scene!: 

Type 2 without expressions example scene - (3D-Studio Max 3.0 Only) 

  

CAUTION! 

this Up-Vector Fake does not work exactly like an upvector because its using a Look at controller. A real up-vector constraint works only on 1 plane of rotation. But a Look at controller works on 2 planes of rotation. So when animating it is important to move your fake up-vector constraint dummies UP and DOWN as well as LEFT and RIGHT because the IK bone will take into account 2 rotation planes!!! 




Expressions 



Expressions and IK = Slow :) Just a rule of thumb for you max users. But expressions can be very helpful. 

The following scene uses an expression to position the hip, or root of the skeleton based on the movement of feet. If you step forward the hips move forward, if you side step, the hips move sideways. Type 2 with expressions example scene - (3D-Studio Max 3.0 Only) 

I wish i could take credit for this expression, but its from Fred Ruff's expression example. This expression is fairly simple and if you're familiar with expressions than this expression is as easy as pie to understand. Therefore you should have no problem recreating it. I myself like the expressions for interactivity when i'm posing, but i dont like what it does to animation when i'm working with it. So i generally dont use an expression for the hip position.



IK Advice 



Heres some IK advice 

· The Up-Vector Fake does not work exactly like an upvector because its using a Look at controller. A real up-vector constraint works only on 1 plane of rotation. But a Look at controller works on 2 planes of rotation. So when animating it is important to move your fake up-vector constraint dummies UP and DOWN as well as LEFT and RIGHT because the IK bone will take into account 2 rotation planes!!! 

· Under Motion panel (with an IK bone selected) Change the itteration value to 200 for final rendering, and about 20-50 for interactivity. For position rotation accuracy put 0.0 in both feilds. Doing this will slow down the IK in viewport. So be sure to turn on "fast mode" for interactive update, when animating. 

· Beware of the start and end frame value under the IK solver menu in the motion panel. Sometimes you'll forget that your IK solver was only set to 0 to 100 frames and then you sit there wondering why your IK is falling appart at frame 200... The answer is.. The solver isnt on! :) 

· Mixing IK and expressions slows things down even more 

· Set your Joint limits wisely. In General always set a very wide range of motion for the limit because max's IK cripples itself when a joint moves past a limit. So becareful when posing aswell. 

· Sometimes you dont need all 3 Degrees of Freedom, so turn the ones that you dont need OFF instead of limiting them 

· Hide Joint limits for clarity. 

· Use Biped ;) In all seriousness, Biped is an incredible tool that gets a bad rap sometimes because people think of it as a Footstep only tool. When in reality Footsteps is just another tool that biped has. People that have given Biped a fair look, have found it impressive to say the least. Those that have animated with it, know its true power. Bipeds real strength is in its freeform animation through seamless FK and IK intergration. Biped supports layers for animation like photoshop has layers for painting. Biped is also a great way to edit motion, weather it be motion capture or hand animation. Its NOT a tool that creates canned animation. It's NOT a footstep only tool. It IS an IK system, and on top of that it is a FK system that seamlessly work at the same time. There is no switching from IK to FK. So next time you hear "biped is for people that cant animate" Challenge that point. Because really Biped is a tool for people that just want to animate. Its very Stop Motion'ish It allows the animator to animate and not worry about his setup. Check it out. But again with all of this said, Biped does not replace the need for a good IK system. AND... A good IK system does not replace Biped. 




Conclusion 



In conclusion i hope this has been helpfull. Setting up skeletons in any package can be complex. So if you dont understand everything, dont worry. It will come with experience. I personally recommend animating with biped whenever possible because its ik and fk are incredibly powerfull. Especially if you're coming from a softimage and maya background, because max's IK can be very tricky and inaccurate when it comes down to it. And again, the FK / IK is just invalueable. 

I should add that the Type 2 setup is kind of tricky in some situations becareful forexample when animating a character turning around and walking in the other direction. While the Type 2 setup is very useable, I havent tested it much. Type 1 is a lot more stable but of course you lose controll of the knee position. Anyways.... I hope you learned atleast 1 new thing from this:) 

Here are the all of the scene files used in this Tutorial: 

· Type 1 example file - (3D-Studio Max 3.0 Only) 

· Type 2 without expressions example scene - (3D-Studio Max 3.0 Only) 

· Type 2 with expressions example scene - (3D-Studio Max 3.0 Only) 

Take care and be do atleast one nice thing for someone each day. 

-Adam Baroody
rogueldr@3dluvr.com
