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What is this talk?
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e Why keyframed animation?

e Animation export.

o Software Architecture o

e Accounting for real wor
e [esting.

- Cozmo.

d uncertainty.
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Big brain. Bigger personality.

Qnsl
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What is Cozmo?
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Cozmo the robot pet

CcOZMO
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Cozmo plays games
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”...showing him off to new people never stops being fun”
- Polygon
"He's smarter, cleaner and more lovable than our hamster, plus he doesn’t
poop and the cat doesn’t want to eat him.”
- Kotaku
" 9/10[...] the best smart toy of the year”
- Slashgear
"The way it moves and emotes is so good that it feels like you're interacting
with a Pixar character instead of playing with a toy.”

- Penny-Arcade
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Significance of animation for Cozmo
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Achieving a natural,

appealing motion
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Transferring animation to the robot
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Data exported from Maya

Name": "LiftHelghtXeyFrame™,
heightVariability se™: @,
"height_se™: 67.036855800648)7

durationTise _ms™: 231
triggerTime ms“: 3465,
"Neme": “LiftHeightXeyFfreme"™,
heightVariability sm™: @,
‘Beight_se™: 82.977070851368%95

"duretionTise ms": 264,
"triggerTime_ms": 4026,

Name": “LiftHeightXeyFrame™,
"heightVerisbility_sm”: @,
height _mm™: 67.03685588664837

oy N

durationTise ms™: 231,
"triggerTime_ms": 4299,
Name": "LiftHeightXeyFrame™,
‘BeightVariability se™: @,
"height_sm™: 082.977970851368%5

“angleVariability deg”: €,
‘angle _deg”: ~11.84371376@375975,
"triggerTime_ms": 9,

Name": “HeadAngleXeyFrame”™,
“durationTise ms": 561

“angleVerisbility deg”: 0,
angle_deg™: 17.47067070007324,
“triggerTisme ms": 924

"Name"”: “MeadAngleNey
durationTime ms“: 231

“angleVariability deg”: @,
"angle_deg™: 15.483492851257322,
triggerTime ms": 1155,
‘Noma": “HeadAngleXeyF rane’
"durationTime_ms": 627

angleVariability deg™: @,
‘angle_deg”: 1.6097258663]
"triggerTime_ms": 1782,
Name": “"HeadAngleXeyFrame"™,
"durationTise ms": 264

"angleVerisbility deg”: ¢
angle_deg™: ~15.2797
triooarTine sg": JMMA.
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Speaker Head

Face (eyes)

‘A‘.

Backpack
Lights

—Lift
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Cozmo's rig
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Data Export

=
x:mech_eyes_all_curl
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“Name": “"LiftHeightKeyFrame™,
"heightVariability mm": @,
"height_mm": 67.03685588664837

“durationTime_ms™: 231,
“triggerTime_ms": 3465,
“Name": “LiftHeightKeyFrame™,
“heightVariability_mm": @,
“height_mm": 82.97707085136895

“durationTime_ms": 264,
“triggerTime_ms": 4026,
“"Name": “LiftHeightKeyFrame™,
“"heightVariability msm": @,
“"height_mm": 67.03685588664837

“durationTime_ms™: 231,
“triggerTime ms": 4299,
“Name": “LiftHeightKeyFrame™,
“heightVariability_mm": @,
“height_mm": 82.97707085136895

“angleVariability _deg": @,
“angle_deg": -11.843713760375975,
“triggerTime_ms": @,

“Name": “HeadAngleKeyFrame",
“"durationTime_ms™: 561

“"angleVariability deg": @,
"angle_deg": 17.47067@7€007324,
“triggerTime ms": 924,

“Name": “HeadAngleKeyFrame",
“durationTime_ms*: 231

“angleVariability_deg": @,
“angle_deg": 15.483492851257322,
“triggerTime_ms": 1155,

“Nome": “MeadAngleKeyFrame",
“durationTime_ms™: 627

“"angleVariability deg": @,
“angle_deg": 1.6997258663177488,
“"triggerTime ms": 1782,

“Name": “HeadAngleKeyFrame",
“durationTime_ms™: 264

“angleVariability deg": @,
“angle_deg": ~15.2797422409Q576,

#GDC17
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"durationTime _ms": 990,
"triggerTime_ms": 330,

° "Name": "LiftHeightKeyFrame",
"heightVariability_mm": 0,
"height_mm": 92.0

® "durationTime_ms": 1320,
"triggerTime_ms": 1320,
"Name": "LiftHeightKeyFrame",
_ _ "heightVariability_mm": 0,
Lift Lift "height_mm": 0.0

Head Head "angleVariability deg": 0,
"angle_deg": 45,
“"triggerTime_ms": 0O,

¢ ''Name": "HeadAngleKeyFrame",
"durationTime_ms": 1650

"angleVariability deg": 0,
"angle_deg": 0.0,
"triggerTime_ms": 1650,
“"Name": "HeadAngleKeyFrame",
"durationTime_ms": 1650
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Data Export
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Data in form of a single node

{ Values
"angleVariability deg": 0, ._|_‘

‘angle_deg"”: 45, Time, at which motion is

"triggerTime_ms": 0, —— ¢ triggered in ms

"Name": "HeadAngleKeyFrame",
"durationTime ms": 1650

How long animation lasts in ms

uBM
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"angleVariability deg": 0,
"angle_deg": 45,
"triggerTime_ms": 0,

"Name": "HeadAngleKeyFrame",
"durationTime ms": 1650

side

8
UBM
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"angleVariability _deg": 0,
"angle_deg": 45,
"triggerTime_ms": O,

"Name"”: "HeadAngleKeyFrame",
"durationTime ms": 1650

Head Head

"angleVariability deg": 0,
"angle_deg": 0.0,
"triggerTime_ms": 1650,
"Name": "HeadAngleKeyFrame",
"durationTime ms": 1650

uBM
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"angleVariability deg": 0,
"angle_deg": 45,
"triggerTime_ms": O,

“"Name": "HeadAngleKeyFrame",
"durationTime_ms": 1650

"angleVariability_deg": 0,
“"angle_deg": 0.0,
"triggerTime_ms": 1650,
“"Name": "HeadAngleKeyFrame",

"durationTime_ms": 1650

8
UBM
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Lift

Lift

Head

Head
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"durationTime_ms": 990,
“triggerTime_ms": 330,
"Name": "LiftHeightKeyFrame",
"heightVariability_mm": 0,
"height_mm": 92.0

"durationTime_ms": 1320,
"triggerTime_ms": 1320,
"Name": "LiftHeightKeyFrame",
"heightVariability_mm": 0,
"height_mm": 0.0

"angleVariability_deg": 0,
"angle_deg": 45,
“"triggerTime_ms": O,

"Name": "HeadAngleKeyFrame",
"durationTime_ms": 1650

"angleVariability deg": 0,
"angle_deg": 0.0,
"triggerTime_ms": 1650,
"Name": "HeadAngleKeyFrame",
"durationTime_ms": 1650



"durationTime_ms": 990,
“"triggerTime_ms": 330,
"Name": "LiftHeightKeyFrame",
"heightVariability_mm": 0,
"height_mm": 92.0

"durationTime_ms": 1320,
"triggerTime_ms": 1320,
"Name": "LiftHeightKeyFrame",
"heightVariability mm": 0,
"height_mm": 0.0

"angleVariability deg": 0,
"angle_deg": 45,
"triggerTime_ms": O,

"Name"': "HeadAngleKeyFrame",
"durationTime_ms": 1650

"angleVariability_deg": 0,

“"angle_deg": 0.0,
"triggerTime_ms": 1650,
“Name": "HeadAngleKeyFrame",
"durationTime_ms": 1650

side
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Absolute vs Relative

"durationTime_ms": 297.0,

{ " PR " “speed": -303.0,
angleVariability deg": 0, "triggerTime ms": 0.0,

"angle_deg": 45,

- : "Name": "BodyMotionKeyFrame",
“triggerTime_ms": 0, “radius_mm": "TURN_IN_PLACE"
“Name": "HeadAngleKeyFrame", },

"durationTime _ms": 1650 {

} "durationTime_ms": 660.0,

{ o "speed": 200.0,
"angleVariability_deg": 0, "triggerTime_ms": 330.0,
"angle_deg": 0.0, "Name": "BodyMotionKeyFrame",
“triggerTime_ms": 1650, "radius_mm": "STRAIGHT"
“Name": "HeadAngleKeyFrame", },

"durationTime_ms": 1650 {
‘ } "durationTime_ms": 297.0,

"speed": 793.0,
“"triggerTime_ms": 1023.0,
"Name": "BodyMotionKeyFrame",
“"radius_mm": -150.0

}
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Velocity vs  Position
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Cozmo’'s movement
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3 types of movement:

Turn in Place
Move Straight

Arc Turn
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Single Axle Robot Movement
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Single Axle Robot Movement
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Single Axle Robq’lc Movement
I




GDC GAME DEVELOPERS CONFERENCE | FEB 27-MAR 3, 2017 | EXPO: MAR 1- 3, 2017 #GDC17

Single Axle Robq’lc Movement
I
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Differential Drive Kinematics

/ w (R +I/2) =Vr
J w (R -1/2) = VI
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{
: "durationTime_ms": 297.0,
Turn In Place ¢ “"speed": -303.0,
o “"triggerTime_ms": 0.0,
' "Name": "BodyMotionKeyFrame",
MOVG Stralght ¢ “radius_mm": “TURN_IN_PLACE"
},
{
AFC Turn ¢ "durationTime_ms": 660.0,
“"speed': 200.0,
* "triggerTime_ms": 330.0,
"Name": "BodyMotionKeyFrame",
"radius_mm": "STRAIGHT"
},
{
"durationTime _ms": 297.0,
“"speed": 793.0,
“"triggerTime_ms": 1023.0,
* “"Name": "BodyMotionKeyFrame",

“"radius_mm": -150.0
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{
Turn in Place . T
. o ";riggerTime_ms"E 0.0,
MOVG Stralght ¢ | "rgg?us_mm": "TURN_IN_PLACE"
Arc Turn ¢

"durationTime_ms": 660.0,
"speed": 200.0,

* "triggerTime_ms": 330.0,
“Name": “BodyMotionKeyFrame",
"radius_mm": "STRAIGHT"

"durationTime _ms": 297.0,
“"speed": 793.0,
“"triggerTime_ms": 1023.0,

¢ "Name'': "EQ"!M‘“ i ‘}DK&!E rame" .

l} “"radius_mm": -150.0
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{
: "durationTime ms': 297.0.
Turﬂ N PlaCe PN "speed": -303.0, |
“triggeriime ms : 0.J,
P\/ICD\/‘Ef 551:riai P]1: ¢ "Name": "BodyMotionKevFrame",
S; ¢ “"radius_mm": "TURN_IN PLACE"

"durationTime _ms': 660.0.

Arc Turn {
"speed": 200.0,

* "Triggeriime_ms": 339.9,
llell: lla:d: Il ! e I; E ..‘
"radius_mm": "STRAIGHT"

"durationTi me_ms': 207 0

“"speed": 793.0,
“triggeriime_ms": 10Z23.0,

¢ "Name'': "EQ"!M‘“ i ‘}DK&!E rame" .

l} “"radius_mm": -150.0
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"durationTime _ms": 297.0,
"speed": -303.0,
“"triggerTime_ms": 0.0,
"Name": "BodyMotionKeyFrame",
“radius_mm": "TURN_IN_PLACE"

"durationTime_ms": 660.0,
"speed": 200.0,
“"triggerTime_ms": 330.0,
"Name": "BodyMotionKeyFrame",
“"radius_mm": "STRAIGHT"

"durationTime_ms": 297.0,
"speed": 793.0,
“"triggerTime_ms": 1023.0,
“"Name": "BodyMotionKeyFrame",
“radius_mm": -150.0

UBM
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Channels Edit Object Show

x:AnkiAudioNode
Volume 100
Probabiiey 100
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Rig and animation limitations due to physical constraints

Physical limitations

Movement
Audio
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Happy accidents
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Previewing animation
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Previewing animation
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Once we have the animation data created we can then see it

in the game as experienced by the player
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Cozmo’s full stack
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Gameplay/Ul - Unity, C# SDK - python

Engine - C++ and Obj-C or Java

Firmware - C, on 3 custom embedded processors

Hardware
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Gameplay/Ul - Unity, C# SDK - python

Engine - C++ and Obj-C or Java

Firmware - C, on 3 custom embedded processors
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Gameplay/Ul - Unity, C# SDK - python
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Gameplay/Ul - Unity, C# SDK - python

Engine - C++ and Obj-C or Java

Firmware - C, on 3 custom embedded processors

Hardware
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Gameplay/Ul - Unity, C# SDK - python

Engine - C++ and Obj-C or Java

Firmware - C, on 3 custom embedded processors

Hardware
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Steps to get animation playing

Gameplay

Engine

AN
N

robot.play anim trigger (
cozmo.anlm.Triggers.MajorWin)

Firmware

Hardware
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Steps to get animation playing

Gameplay

Engine

AN
N

Firmware

Hardware
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Steps to get animation playing

Gameplay
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Steps to get animation playing

Gameplay

Engine

AN
N

Firmware

Hardware







Real World Uncertainty

And Lessons Learned

uBM
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Challenge 1:

Different surfaces make the

robot move differently
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Different Surface frictions mean different timing

Challenge: We'd often
want things like "Cozmo
drives forward for X
seconds which should be
Y mm at Z speed”
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Different Surface frictions mean different timings

Fix: Procedural actions that can dynamically
respond to where Cozmo is currently in the world.

How do we know where Cozmo is in the world?

uBM



Sensors on Cozmo

wheel
encoders
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Cliff Sensor Camera
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Cozmo Ecosystem
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Cozmo's cubes
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SLAM ( simultaneous localization and mapping )

B O D) UMW 00053110 -065x WM OB «
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Robot Localization

How do we know where cozmo is in the world?

e Camera data of seen blocks

e Drive history

e Visible area between camera and cliffs probably obstacle
free.

e Gyro + cliff sensor can feel if he's been moved by an
outside force

uBM
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Challenge 2:

Making animations work in

multiple situations
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Making animations work in multiple situations

Challenge: Animations
need to be flexible to play
in different contexts, such
as driving and driving while
holding a cube.
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Making animations work in multiple situations

Fix: locking important tracks we don’t want to move if they
are occupied
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Challenge 3:

Recovering if actions unexpectedly fail
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Sometimes actions fail

Challenge: Cozmo only has a simulated
version of the world and often the real
word doesn’t match meaning actions can
tail if something isn't where he think it

should be.
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When actions will fail, communicate a retry

Fix: Animators made failure states
that demonstrated Cozmo was
confused by the frustrating world

making behaviors robust enough to
handle several retries




Challenge 4:

Directing the user’s focus
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Where is the user’s focus?

Challenge: Because we have an App with Ul and a robot that
can do cool stuff, the user might not be looking where we
need them.
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Where is the user’s focus?

Fix: “Hey look at me!”

behavior when Cozmo
was about to do
something interesting
on his own



Challenges Overcomel!

= it

... After testing
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Automated Testing

@ Webots File Edit View Simulation Build Robot Tools Wizards Help &) Q &2 ) = 100%ES SunNov2? 921PM Q =
JUsers/mollyjameson/devicormo-one/simulstonworids/PatternPlaywdt - Webots PRO 8.2.1

Simulation View Text Editor

g «+ & OO W« B O P uM»mW 00023580 -045x B O B O -

@ CozmoWorkdino -
> @ Ve Est. Pose: (xy)=(-4.1494 -0,6987) at :
@ Back , e True Pose: ‘(..',’)-‘ -4,2208, -a.zu’)) at d&'ﬁ
: | BN
s
@
' ' y
> 9 Fut !
@ LightCube
@ I
LightCube (Supervisor) (7]
Bl Mass  Position Jgj)’/‘
.rfff
-
DEF: %

Transform to Export v
PROTO Source Result ! 1
LEE

3D tools:

Conscle
{webotsCtrlGameEngine] (t:01) (Info)(fUnnamed) PlayAnimation.StartAnimationandler (tc0171) : Animation tag 9 started
[webotsCtriGanmeEngine] (t:01) [(Info)[fUnnaned] PlayAnimation.EndAnimationBandler (tc0192) : Animation tag 9 ended
[webotsCtriGaneEngine] (£:01) [Info)[ehlockNorid] BlockWorld.OnObjectPoseChanged.NotAnObject (£c0192) : Could not find object ID '3" in Dlockworld
{webotsCtrlGaneEngine] (£:01) [Info)leblockNorlid] BlockWorld.OnObjectPoseChanged.NotAnObject (£c0192) : Could not find object ID '3" in BlockWorld
[webotsCtrilGaneEngine] (t:01) [(Info)[fAnimations ) GetResponseForAnimatio igger.¥Yound (tc0192) : AcknowledgeObject -> ag reacttoblock react short
{webotsCtrlGameEngine] (t:01) [(Info)[#blockPool] BlockFilter.UpdateDiscovering (tc0194) : Looking for objects of type Charger Dasic with RSSI < 150
[webotsCtrilGanmeEngine] (t:01) [(Info)[fUnnanmed] AnimationStreamer.RemovePersistentrFacelayer (tc0198) : TurninPlaceEyeDart, Tag = 10 (Layers remaining=0)
[webotsCtriGanekngine] (t£:01) [(Info)[fUnnaned) CompoundictionSequential.Update.NextAction (tc0206) : Moving to action VisuvallyVerifyoObject2 [3000039)
[webotsCtrlGanekngine] (£:01) [Info)[fUnnamed)] CompoundActionSequential.Update.NextAction (tc0207) : Moving to action PlayAnimation [J000040)
{webotsCtriGaneEngine] (t:01) [(Info)[fAnimations) AnimationGroup.GetAnimation.Found (tc0207) : Group "ag reacttoblock react short' returning animation name
‘anim_reacttoblock react short 01
[webotsCtrlGaneEngine] (t:01) [Info)(f#Unnamed] PlayAnimation.StartAnimationandler (tc0208) : Animation tag 12 started
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Lesson Learned:
Programmers from robotics backgrounds are way more

serious about automated testing than most games

programmers.
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Manual Testing

w0 0
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UBM
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Message your users when in trouble

Cozmo is having trouble seeing
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Sometimes the key to testing is getting creative

| 4




Factory lestiae
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Testing

e Hardware is finalized long betfore software ( ~1 year in our
case ) to go to factory. QA needs to be testing way sooner
as a result.

e Features need to be tested across multiple robots,
multiple devices, multiple environments.

e Drop testing, temperature and humidity testing.
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Thanks
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Carlos Baena
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Questions?
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anki.com/careers
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molly@anki.com
@UltraRat
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