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Tesla Optimus

Figure 1
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AI in the 2020s - Humanoid Robots?

1X

Boston Dynamics Atlas
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AI in the 2020s - “Generative AI”
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Large (Vision &) Language Models Image, Video, Audio Models

● Programming Assistant
● Idea Brainstorming
● General-purpose 

Visual Question 
Answering

● …

● Storyboarding
● Personalized Images, 

Music, etc.
● Feature-length films?
● …
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Large (Vision &) Language Models Image, Video, Audio Models

● Programming Assistant
● Idea Brainstorming
● General-purpose 

Visual Question 
Answering

● …

● Storyboarding
● Personalized Images, 

Music, etc.
● Feature-length films?
● …

Current models offer a largely disembodied version of AI.
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Embodiment
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embodiment: the degree to which a system can affect / control its sensors

 embodiment x large sensor space → the system can reach many states of the environment (tasks)

Current systems can bring about many useful states in the digital realm,
but remain largely unable to control the physical realm.
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5 Breakthroughs in the Evolutionary History of Our Brains

Biological / Neuroscience Perspective

Common Theme

The purpose of the brain is to coordinate 
the body’s movement.

evolution x neuroscience

Steering
 600 million years ago

Learning from direct experience of valence

Reinforcement Learning
 500 million years ago

Learning from temporally-extended experience

Mental Simulation
 200 million years ago

Learning from internally-simulated experience

Mentalizing
 15 million years ago

Learning from observing others’ experience

Language
 100 thousand years ago

Learning from others’ internally-simulated experience
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Challenges of Physical Embodiment
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Why haven’t consumer robots taken off?

● Difficult to scale experiments.
○ Upfront and marginal costs are significant.

● Difficult to gather diverse data.
○ Almost entirely limited to sterile lab environments.

● Limited experimental control.
○ Research is even more challenging.

● Safety considerations.
○ Huge liability for making mistakes (i.e., progress).

As a result,
● current robotic systems live in ‘impoverished’ 

sensory environments,
● robotics research progress has been slower.
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Games & Simulated Environments in AI
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Atari
2012-2013

Dota 2, Starcraft II
late-2010s

Increasingly Complex
● Observations
● Actions
● Dynamics

but…
● Largely single-domain
● Bespoke action spaces
● Limited number of tasks
● Limited task specification

multidomain

universal interface / agent

LLMs/VLMs
early-2020s

Pre-DL
early-2010s

Minecraft, Doom, Sega, etc.
mid/late-2010s
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Limitations of the mid-2010s Era Approaches
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Vision / Action Diversity

Limited Trajectory Diversity
→ Task = Win the Game

Trajectory (Task) Diversity

Limited Visual / Action Diversity
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Limitations of the mid-2010s Era Approaches
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Vision / Action Diversity

Limited Trajectory Diversity
→ Task = Win the Game

Trajectory (Task) Diversity

Limited Visual / Action Diversity
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SIMA: Scalable Instructable Multiworld Agent
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A single agent with a universal interface that can be instructed via language to perform any task in any 3D visual environment…

No Man’s Sky

any task

SIMA

single agent

universal 
interface

text task 
instruction

instructed via 
language

Valheim

Satisfactory

any 3D visual 
environment

Goat Simulator 3
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SIMA Agent

Training



Pretrained
ModelsData

Dataset

text

Data Collection

text
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Scalable, Instructable, 
Multiworld Agent

Environments

Playhouse

Research Environments

Commercial 
Video Games

WorldLab

Construction 
Lab

Evaluation

(Human) Evaluation

text
pick up leaves
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SIMA Environments
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Desiderata

● 3D visual environment
● First-person
● Complex, open world (~sandbox)

Ideally

● Interesting to humans
● Not violence focused
● Diverse

Commercial Video Games

Playhouse WorldLab

Research Environments

Construction Lab
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SIMA Data
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SIMA Dataset

text

Navigation

Search

Enter
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Navigate

Explore

Operate 
Vehicle

LookDrive

Use Spaceship

Look at

SIMA 
Data
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Objects & 
Tools
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Manipulation Tool 

Use

Lift Object

Hold Object Drop Object

Equip

Activate

Con-
struction 

Attachment

Build

Attach Object

Add Connector

Build

Construct

Animals & 
Plants

 
Animals

Farming 

Combat

Con-
figure

 

Menu 
Use

  

Re-
sourcesFood

Inter-
action

  


Protect

Craft

 

Keyboard 
& Mouse

Destroy

 


Fight

Kick

Tame

Hunt

Plant

Feed

Configure

Customize

Open/Close

Mine

Gather

Cook

Cut/Slice

EatTrade
Communicate

Survive

Save

Press Key

Click

Destroy

Headbutt

Item

Material

Look around

Skill Clustering

Data Collection

Annotation
(1 Player)

Setter-Solver
(2 Player)

text text

Focus on collecting human data to initially scale up.
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SIMA Agent
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SIMA Agent

Language 
Instruction

User

Visual 
Input

Environment

Action

Visual Input

SIMA Agent

Language Instruction

Image Encoder
SPARCText Encoder

Multi-Modal 
Transformer

+
Transformer XL

Actions

TImage Encoder
SPARC

Video Encoder
Phenaki

Keyboard
& Mouse
Policy

+ 
Classifier-Free 
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Bica et al., 2024

Villegas et al., 
2023

Generative Video 

Model

µuncond

µcond
∆µ

µCFG

µCFG = µcond + λ∆µ

Ho and Salimans, 2022
Lifshitz et al., 2023

λ

Logit-Space

∆µ = µcond - µuncond
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SIMA Evaluation
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Eval Basics

“Task”

starting state instruction

“put the frying 
pan on the stove”

success criterion

* Ground Truth
* OCR
* Human Eval
→ {True, False}

“Challenge”

Task0 Task1 TaskN

Ground Truth

marker.y_pos > 0 → True

Accurate, Automatic

Research Environments

Optical Character Recognition (OCR)

OCR == ‘raspberries’ → True

Reasonably Accurate, Automatic

Text-Based State Changes

Human Evaluation

agent == upstairs →     True

Flexible / Widely Applicable

Costly

  
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WorldLabPlayhouseConstruction Lab

Qualitative Results - Domain-General Behaviors

Turn
Left

Go
Forward

3D First-Person Environments + Shared Interface → Commonalities in Spatial Navigation & Interaction

23

Close
Menu N/A N/AN/A

Open
Menu N/A N/AN/A

Turn
Right

Turn
Around

Object
Interaction
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Qualitative Results - Domain-Specific Behaviors
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Go to the 
Spaceship

Feed the 
Creature

Use the Jetpack to 
Go Upstairs Shoot Asteroids Pick Up 

Mushrooms Craft a Club Fight the 
Greyling

Chop Down 
a Tree

Pick Up Leaves Build a HUB Mine Copper Ore Open the Craft 
Bench Menu

Drive the 
Tractor

Climb the 
Ladder

Find a Green 
Object

Go to the Goat 
Castle

Construction Lab

Go Through the 
Bouncy Castle

Get in the 
Purple Car

Talk to the 
Person

Click ‘Accept 
Job’Go Upstairs Go Through 

the Gate
Get in the 

Boat
Get in the 
Blue Car

Pick Up a Box Pick Up a 
Motor Joint

Find the 
Connector Tool

Attach a Blue Sphere 
to a Brown Cube

Get in the 
Truck

Pick up the 
Bucket

Pick up a Tool 
Bag

Get the 
Wooden Cart
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Qualitative Results - Commonalities Across Domains
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Go to the Spaceship Drive the Tractor

Get in the Purple CarGet in the Blue Car

Get in the Boat

Go to / get in a vehicle

Get in the Truck
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Playhouse WorldLab Construction
Lab

ValheimNo Man’s SkySatisfactory Goat
Simulator 3

Environment

Ground-Truth

Human Eval.

OCR + Human Eval.

0

Absolute Performance – By Environment

Meaningful progress, but still room for improvement.
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Hypothesis: The agent struggles with tasks that require more precise control.
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Ablations / Baselines

SIMA



instruction

train 
domains
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Zero-Shot
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No 
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instruction
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
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train 
domains

eval 
domains
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Relative Performance – Aggregated Over Environments

No Language
(Ablation)

No Pretraining
(Ablation)

SIMA Zero-Shot
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) We have positive transfer

And generalization

Pretraining helps

Our evals require 
language
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Relative Performance – Per-Environment
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We have positive transfer across all environments.

Relative Performance – Per-Environment
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Generalization varies across environments.

Relative Performance – Per-Environment
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Pretrained models are always helpful, 
but to varying degrees..

Relative Performance – Per-Environment
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Our evals are all dependent on language,
but to varying degrees.

Relative Performance – Per-Environment
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Classifier-Free Guidance

No Language
(Ablation)

SIMA No CFG
(Ablation)
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Evaluated on Playroom, Construction Lab, and WorldLab only.

CFG is beneficial

But even without it, the agent is still 
much better than unconditional
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Human Baseline Comparison

Environment
Specialized

Human SIMA
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 (
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0

Zero-Shot No Pretraining
(Ablation)

No Language
(Ablation)

Evaluated on a subset of No Man’s Sky only.

Still not matching 
human performance.

Even humans struggle 
to reach 100% success. 
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Looking Forward
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If we want to achieve the ‘north star’ of general-purpose humanoid robots…

…then overcoming the challenges of basic research may involve relying, in part, on simulation.
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Looking Forward
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Previous works have lacked diversity in their…

…trajectories (tasks)... …and/or their observations / affordances.
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Looking Forward
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SIMA is the next generation in simulation-based agent research…

mid-late 2010s

Minecraft, Doom, Sega, … Starcraft II, Dota 2

late 2010s early-mid 2020s-

SIMA

early 2010s

Atari
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Looking Forward
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…and advancing simulation-based agent research is likely to yield meaningful insights into creating AGI. 

We are getting glimpses of impressive general capabilities,
but not yet a fully general-purpose agent.

The SIMA agent is at the “pre-training” phase 
of general-purpose behavior.

c. 2019

Analogous to GPT2/3-era models.
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Looking Forward
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…and advancing simulation-based agent research is likely to yield meaningful insights into creating AGI. 

We are getting glimpses of impressive general capabilities,
but not yet a fully general-purpose agent.

The SIMA agent is at the “pre-training” phase 
of general-purpose behavior.

c. 2019

Analogous to GPT2/3-era models.

We may be a handful of innovations away from developing
general-purpose agents, capable of performing any task in any 

simulated 3D environment.
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If [an agent] is able to master 10,000 diverse 
simulated realities, it may well generalize to our 
physical world, which is simply the 10,001st reality.

Jim Fan
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The SIMA Team
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Tech Report + Blog Post
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arXiv:2404.10179

Google DeepMind Blog

https://arxiv.org/abs/2404.10179
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Thank you.

Joe Marino
Research Scientist
josephmarino@google.com
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