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Presenter notes at the top left corner of all slides.
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Hi and welcome to my talk:

Motion Matching – THE FUTURE OF GAMES ANIMATION… TODAY!  
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My name is Kristjan Zadziuk and I am an Animation Director from Ubisoft Toronto.

As you can see I have been in the industry since 2000 with various styles of game under my belt, then in 2004 I started to lean more towards animation driven games such as Assassins Creed, which led to a couple of studio moves before Ubisoft Toronto tempted me back and I became Animation Director on Splinter Cell Blacklist which shipped in 2013.  I’ve since been working on various co-dev projects and a couple of unannounced titles.



Disclaimer

Everything you are about to see n this talk 1S n a
prototype gym...

... 11 presentation demonstrates a new animation
prototype, the assets used do not represent any game
currently in development at Ubisoft.
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Quick disclaimer before we get started, this presentation demos a new animation prototype, this is tech that the team was very passionate about because of the potential applications and Ubisoft is keen to invest in to push our games forward

The tech is being considered for future games, but the assets do not currently represent any game currently in development…
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A short overview of what I’ll be talking about today.
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Motion Matching as a concept has been around for a while and has been known as a few different things, such as motion graphs and motion fields, but it has only really been this generation of consoles that have made it possible for practical use.
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Motion Capture
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So to understand Motion Matching, we need to first understand what the current standard process is…

I’m simplifying this immensely but once we know what we want to do we will go to mocap, we’ll capture lots of individual cycles and movements making sure that we carefully capture as many actions needed for our systems.



2 CURRENT PROCESS

Motion Capture

Manipulation
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Then once we have that data back, the animators painstakingly cut it up into clips, tidy up the poses, create the loops and polish the animation (made a ton easier by Dan’s tech)
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So for years games animation has being using State Machines as standard, with node based options becoming the option favoured by most projects

If you are here chances are you know what one of these is and how difficult it can be to use correctly

we have to add nodes, setup rules, blend times, loop points, idles...  In my experience most animators (not all) would rather spend time focusing on the artistic side of animation.

Also it can be hard to get characters to respond quickly and realistically to user input.
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Then after all that you have something in the game that you can ship with

But what if there was another way?



It's time to EVOLVE.
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So the idea of Motion Matching is really to find a way of being able to go from A > B with as little fuss as possible.

Allowing animators more time to focus on what the actions actually are, instead of the having to worry about losing fidelity of their work during manipulation and implementation
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So what is the problem with State Machines?

To highlight one of the issues, here is an example of weight shifting due to a desired change of direction
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If we break this clip down in Slow Motion you can see the moment I decide to change direction, where I look where I want to go, followed by the entire body bending to adjust to the momentum shift towards the desired direction.

Solving this in a state machine would be difficult as we would likely need to use a transition animation to replicate the fidelity of this particular move, simply blending from one direction to another would not look great and would likely slide resulting in the move not looking grounded.

This would be the core of what we wanted to fix and would be a good example of the quality we were trying to achieve.
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So none of this would of be possible unless we assembled a team of animation experts passionate about gameplay animation

Starting with Animation Programmer, Michael Buttner who’s idea Motion Matching had been in the first place he had been toying with Motion Matching for a while and was just looking for the right opportunity to push it further, and this was the perfect time.

Then we added gameplay programmer Mike Wasilewski and Technical Art Director Alex Bereznyak

and last but by no means least Lead Animator, Betina Marquis she is a perfect example of someone you want on in your corner for a task like this.
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And set out a clear mandate of 4 goals that we wanted to improve upon – Realism – Control – Simplify - Variety
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With many Ubisoft games leaning towards REALISM, we wanted to improve core locomotion and allow for biomechanically correct human movement.
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Ultimately this is the feel of the character whilst retaining animation quality and allowing the player to always be in CONTROL
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SIMPLIFY the way we implement data, this would allowing animators to focus on animation creation and rapid iteration, giving them the ability to test or change the style of any character quickly
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Be able to add high quality VARIETY quickly and easily, this isn’t just replacing a walk cycle it could apply to all the core locomotion 
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Which brings me to what Motion Matching is… albeit a very, very high level description of it.

We describe a small amount of characteristics of what we want our character to do over a certain amount of time (1 second)
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Which bring me to our first test, so I am going to skip forward a few months. But I wanted to share with you our very first playable test

[click to play video]
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So after seeing this first test it immediately raised a few questions…

We understood that no one had tried to ship a game with this before and we would need to lead the way and convince everyone, not only was it worth the investment, but that we were worth following… But as an animator, I started to panic a little…



g Fears & Assumptions

How does this work?
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What does this mean to the animators that work with this?

Can animators work with this???
How are we going to implement it
Does this mean we need less animators because it does most of the heavy lifting???
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What if we can’t get access to a mocap facility?
How do we try out new ideas if it only works with Mocap?
How much motion capture will we need and will producers hate me because of how much it could cost?



g Fears & Assumptions

Just plug in data for a finished result
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With our initial success it appeared that all we would need to do would be to plug in the data and leave it at that…. Would animators even be needed any more?
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Dance Cards V1.0

BASIC NAV — DIRECTIONS

Used for:
Walk = log > Run
Start Tums

Plant Turns

BASIC NAV — STOP TO FACE & TURN ON SPOT  ysqfor;

Stopping to Face 1 speed

Turn on Spot
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First step was to create a routine, which we called “Dance Cards”, this would be the order in which we would capture data and would help us capture more efficiently.

This would have everything we needed to create a core locomotion set…  and we would repeat for walk/jog and run but was extremely exhausting to capture and would mean you would need to remember a lot of moves.



u) Process - Prep

. Splitfiles

BASIC NAV — DIRECTIONS

used for:

+ Walk=log= Run
o start Tums

. Plant Tums

BASIC NAV — STOP TO FACE & TURN ON SPOT  ysdfor:

*  Stopping toface at speed

+  Tumonspot

BASIC NAV — CIRCLE NAV
Used for;
BASIC NAV — SNAKE DIRECTION NAV +  Walkslog>Run

*  fcceleration / Deceleration

ﬂll ﬁ!’n% HG%

BASIC NAV — STRAFE NAV

Walk > Jog > Run
start / Stop

Plant Turns.
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So we split up the dance card into smaller files to make them more manageable

Starts and Stops
Plant and Turns
Circles
Acceleration and Deceleration (Which would include a longer walk/jog/run cycle and transition between all speeds of locomotion)

And the key for me… Snakes.



u) Process - Prep — Dance Card V1.0

BASIC NAV — CIRCLE NAV

0,

Used for:

BASIC NAV — SNAKE DIRECTION NAV *  Wall>Jog>Run

. Acceleration / Deceleration
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So I’ll dive a little deeper into the dance cards.  We were looking for a way to capture the minimum amount of moves to create maximum coverage of a basic locomotion set.

(describe process of capturing a dance card)

Smaller circles
Wider snakes
Long cycles
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We would then export those FBX files straight to the engine without any touch up… and see what happened.
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o Process - In Engine

No IK on feet

Minimal foot sliding and collision

#GDCANIM


kzadziuk
Sticky Note
Explain this video (40 seconds)

100% player controlled
Immediate response
No IK yet and foot-sliding is minimal
Proper weight transfer / acceleration / deceleration
SNAKE and realistic banking when turning.

We couldn’t always be sure it would pick the move we “wanted” but the system tended to pick the move that was the best match for the pose it was in at the time of input, providing happy accidents but equally un-predicatble results.



n) Process - Prep — Dance Card V1.2

BASIC NAV — CIRCLE NAV

ﬁ = Facing Direction

ﬂ = Clockwise
v = Anti-Clockwise
I = Forward then Backwards
0 Used for:
. Walk > Jog > Run

v . Acceleration / Deceleration

BASIC NAV — SNAKE DIRECTION NAV

R} m% Iﬁi
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So then we adapted this to work with 2nd Person Movement as we wanted to know how well Motion Matching would handle more complicated movement such as strafing, 
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Highlight some of the points of interest (30 seconds)
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Here are some frequently asked questions about Motion Matching…

1 How can Animators control responsiveness VS quality?

2 Can this be integrated into our existing system?

3 How can Animators work with this system?



@) Manipulation - Keyframing

What about more unusual locomotion?
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We wanted to push the boundaries of what was possible so we decided to try and add different types of locomotion using a human as a base, with varying degrees of success.
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o Manipulation - Keyframing

alculated State: ApeNav.

tate: Movement|

jlend (0.10/0.20)

Anim: mk4 _code ape jog strafe_planttums 01 anim Frame 644
Anim: mk4_code_ape jog_strafe_starts 0L anim Frame 63

Anim: mk4_code_ape jog_ strafe_planttums 01 anim Frame 645
Anim: mk4_code_ape jog_strafe planttums_0L anim Frame 644
rajectory, Translation = 6.40, Rotati 0.00
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The interesting thing about this particular locomotion is that we attempted to Motion Capture it, but it was so complicated and the data was so useless that we used this as an opportunity to deconstruct how the system worked.

So we brute force key-framed a dance card using key-framed clips that would match the format

Then by exposing the debug settings we could see which frames in which files we were using and adapt accordingly, it was a bit longwinded, but it was like taking something apart to understand how it worked and it ended up giving us an invaluable insight.



: Manipulation - Keyframing

-alculated State: ApeNav

tate: Movement

lend (0.10/0.20)
Blend (0.12/0.20)
Blend (0.15/0.20)
Anim: mk4 _code ape jog strafe_planttums 01 anim Frame 644
Anim: mk4_code_ape jog_strafe_starts 0L anim Frame 63
Anim: mk4_code_ape jog_ strafe_planttums 01 anim Frame 645
Anim: mk4_code_ape_jog_strafe, antturns_0L anim Frame 644)
rajectory, Translation = 6.40, Rotation = 0.
put: 0.98
JeadZone: 0.1
Jesired Speed: 5.5
«ctual Speed:  5.65
xternal Impulse: 0.
lapsedTime: 0.02
upports Strafe: true|

-
’

= Built loops and created locomotion

A = Story mode i Motionbuilder to follow paths
| = Used to deconstruct Motion Matching
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The interesting thing about this particular locomotion is that we attempted to Motion Capture it, but it was so complicated and the data was so useless that we used this as an opportunity to deconstruct how the system worked.

So we brute force key-framed a dance card using key-framed clips that would match the format

Then by exposing the debug settings we could see which frames in which files we were using and adapt accordingly, it was a bit longwinded, but it was like taking something apart to understand how it worked and it ended up giving us an invaluable insight.
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& Manipulation - Keyframing

Transition - Fnrward 10 45 Fwd Right
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For each “move” to be read by the system we would need to add about a second either side so that the paths of the animation could be seen by the prediction model.

This is what Start Forward and back would look like… and left and right plant turns… transitions 45 forward.

Then once we knew that the system was reading these particular parts we could focus where we were going to polish or add character.



@) Manipulation - Tagging
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Another way to control what was happening was simple tagging of areas of interest or waste, such as idles or garbage, this was only implemented quickly but it mean’t that we could start to highlight areas we wanted to favour in the files.  Adding an element of predictability to a system that can be at times unpredictable.

We would need to implement a simple IK solution to remove foot-sliding but the results were a step in the right direction.
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I owe a huge debt of thanks to Michael for the next 2 technical slides.

So… Motion Shaders were created as a node graph system to allow animators and designers more control over how the moves would be seen.  It was a way to define the cost functions for how well we wanted to match current, future and past trajectories of limbs or root node when looking for a match.

Essentially we could say that positions should 10% important, velocity 30% and hands could be 80% important, meaning that we could change the look and feel of locomotion as it would use the available poses differently.

This could be in the form of sliders between 0 and 1 and would be used to say what was more important, respecting the positions in the animation or favour player input this could be created using the same animation pool as a base, we could also adjust the amount of dampening on the input of the stick resulting in longer or short acceleration or deceleration.

It would also end up
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You can use Motion Matching as a traditional animation node which could be used inside a state machine, when ever a Motion Matching node would become active it would understand what your current pose is and find a relevant match…

Meaning it would be great for transitions in and out of existing systems as you don’t need to set up any complicated rules you can use the Motion Matching node instead.

And it can be used as a straight up replacement for your existing movement system, we have only really started to scratch the surface of what it can be used for



¥ GDCANIM


kzadziuk
Sticky Note
So what else can be done with Motion Matching?
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Using the dance card we thought it would be fun to try out different types of locomotion…

So we spent some time capturing off balance movements, when we added this to the system it gave the appearance of a pretty successful off balance stumble movement, where we would be in complete control.

You could imagine this being used for persistent injured locomotion, where we could manipulate the inputs to define how responsive player control was.
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Using the dance card we thought it would be fun to try out different types of locomotion…

So we spent some time capturing off balance movements, when we added this to the system it gave the appearance of a pretty successful off balance stumble movement, where we would be in complete control.

You could imagine this being used for persistent injured locomotion, where we could manipulate the inputs to define how responsive player control was.



| o lests@iWaniety™=impacts, ==, ==
rr\“ﬁié\”w T o

ot
#GDC

ANIM



kzadziuk
Sticky Note
As we didn’t know how well this would work we attempted a few different methods to see what kind of results we might get, here you can see some of the team becoming a little too into pushing me around.
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So the idea was that as the system is pose based and not necessarily animation if we could create an impact pose using a combination of physics and motion matching

This would create a new “impact” pose, which could then in turn be read by the system and fed into a sort of “impact” animation, this would give us a seem-less transition from locomotion to an impact system that could actually be based on physics impulses and could then connect directly back to locomotion.

This would effectively close the loop between animation and physics back to animation while retaining control of the character, as you can see here were pretty successful and we plan on exploring this further…



Conclusion
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How will ammators work with this?

Wil this only work with mocap?

Just plug in the data for finished result. . .
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So if we remember our initial fears and assumptions…

How will animators work with this?... Well for me it’s a mentality shift, this is potentially the biggest transition since the introduction of motion capture.

Will this only work with Mocap?... Keyframing within the structure, small amounts of data to setup basics and then fill out from there.

You can just plug in data for a finished result... So originally I felt that doing this would yield the best results, but it seemed to muddy the waters more than it helped.



& Conclusion - Before and After
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So here is my analogy… Take Chris Pratt when he was in Parks and Recreation… all he wants is burgers…

And more burgers…



& Conclusion - Before and After
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He needs to work out and start eating the RIGHT stuff, he becomes nice and lean and gets a kickass role in Guardians of the Galaxy…

What does this have to do with Motion Matching you may ask?

Well basically we found the system performed better if we fed it the RIGHT data as opposed to ALL the data, it became a lot more manageable and would actually look better as a result, the bonus is it wasn’t as heavy on the processing power.



TORONTO ¥ GDCANIM


kzadziuk
Sticky Note
He needs to work out and start eating the RIGHT stuff, he becomes nice and lean and gets a kickass role in Guardians of the Galaxy…

What does this have to do with Motion Matching you may ask?

Well basically we found the system performed better if we fed it the RIGHT data as opposed to ALL the data, it became a lot more manageable and would actually look better as a result, the bonus is it wasn’t as heavy on the processing power.
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Dance Cards

Variety of Motion


kzadziuk
Sticky Note
Which brings us to some of our successes…

Minimal setup is required, once initial setup is created it’s possible to just throw entire locomotion at the system and see what happens

We get HIGHER QUALITY motion and we get to see the actual character in an actor, we don’t loose fidelity by having to manually match poses at the start and end of clips

By using the idea of the DANCE CARDS we were able to easily breakdown all the moves we needed in the smallest amount of time and space. 

And it was super simple to add a wide VARIETY of locomotion styles.



m) Conclusion - Failures

Editing can be Labour Intensive

Large amounts editing could provide unpredictable results
Keyframing entire locomotion sets to test would take time

Data Heavy

Large amounts of wasted data to begin with
Cost and availability of mocap for realistic motion

Restricted to Human-like Rigs

Everything had to use the same rig even in different
locomotion states
All animation full body
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But it wasn’t all success, there is a steep learning curve to working with Motion Matching, so it is only fair that I highlight some of the areas we feel we can improve upon…

EDITING data can be tough the system gets you to 70% real quick when working with mocap but the last 30% can be tough to manage, we found that sometimes removing data from a file even if we felt it wasn’t being used could cause issues.

The system was very DATA HEAVY,  we would but putting large amounts of wasted data into the system and then of course there is the cost and availability of mocap facilities.

Currently the system is restricted to HUMAN LIKE RIGS, everything had to use the same rig even when we were in different locomotion states, as well as all animation was FULL BODY.



n) Conclusion - Failures v

Gameplay Constraints

« Quality versus precise player response
» Altering data to aggressively can result in undesirable results

Mirroring

e Attempted to increase foot precision with mirroring
* Too much data to make a clear choice

Only used for Locomotion so far

 Locomotion has been the main focus
 The goal is to find and implement more uses other
than just locomotion
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It was originally quite difficult for designers and animators to work together using Motion Matching, as design could alter data for their needs of precision and alter the numbers that we used to see poses and animations, this would result in undesired results.

MIRRORING didn’t work for some reason, as we attempted to use it to increase foot precision, but it seemed to see too much data to make a clear choice.

Currently other than a few tests the main focus has been LOCOMOTION.



@) Conclusion - The Future is Now

Explore Uses Beyond Locomotion

Hybrid System / Layering

Further “Dance Card” Improvement

Implementation with Ubisoft Tech/Engines

TORONTO FEDCANIM


kzadziuk
Sticky Note
Which brings me to the next steps as we see it…

So far we have only really used this for base LOCOMOTION, we’ve touched on a few other systems, such as Traversal, Cover and various AI but there is plenty of work to do for us here.

We would also like to make improvements to the HYBRID SYSTEM to help bridge the gap between the old and new, adding things like LAYERING is also something we are looking at so as not to be so reliant on full body motions.

With a greater understanding of what the system is reading we can make IMPROVEMENTS to the DANCE CARDS, splitting files up further to make them easier to manage and allows us to get cleaner more readable data, we have also looked into improving the routine to get more use out of circling and snakes.

And… to get more from the data we need to combine it with other tech being developed in Ubisoft and their engines. (IK Rig, Dan’s Automation Tool)



2 Related Ubisoft Talks €€

K RiG: PROCEDURAL POSE ANIMATION

ALEXANDER BEREZNYAK - TECHNICAL ART DIReCTOR, UBISOFT TORONTO
\W/EoNESDAY. MARcH 16™/ 5.00Pm — 6.00Pm / Room 2016 / WEST HALL

VioTioN IMATCHING: THE ROADTO NEXT-GEN ANIMATION

SIMON CLAVET — ANIMATION PROGRAMMER, UBISOFT: IMONTREAL
THURSDAY MARCH 17™/:11.30Am — 12.30Am / Room 3016 / WEST HALL
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For more on the animation innovations at Ubisoft, I suggest you check out these two talks in particular, on Wednesday and Thursday.  Ubi has been very good with letting us talk about stuff like this early on… who knows they may not let us do it again.
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But for now… its super exciting and really…

Its just the beginning.
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