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Goal #1 of this talk: Convince you that we have been slowly 
peeling back at the “onion of computer vision”

Human-Abstraction 1: 
Geometric CV, filters

Human-Abstraction 4: 
Perception-Action loops (current)

Human-Abstraction 2: Object 
Detection, 3D, Point Clouds

Human-Abstraction 3: physics can 
provide structure to the learning problem

Each peel is a human-made abstraction to 
an underlying algorithm



This talk: What is the “generation-process” that can generate all 
of natural and artificial visual intelligence?

Human-Abstraction 1: 
Geometric CV, filters

Human-Abstraction 4: 
Perception-Action loops (current)

Human-Abstraction 2: Object 
Detection, 3D, Point Clouds

Human-Abstraction 3: physics can 
provide structure to the learning problem

Goal #2 of this talk: Convince you that at the center of the peel 
lies an algorithm that generates all of vision

Agent-Env BoundaryInterface with reality Open-Endedness, 
curiosity, motivation



Biological evidence of this “generation-process”



Max Roser, Technology over the long run: zoom out to see how dramatically the world can change within a lifetime

Technological evidence of this “generation-process”

https://ourworldindata.org/technology-long-run


Human-Abstraction 1: 
Geometric CV, filters

The dominant abstraction during my undergrad 

Human-Abstraction 2: Object 
Detection, 3D, Point Clouds



Human-made, but useful, 
abstractions to the vision 

problem

The dominant abstraction in class



What should the abstractions look 
like for self driving? 

Became pretty obvious that these abstractions were no 
longer sufficient when I interned at a self-driving startup…



Instead use task based abstractions for self-driving

Software 2.0-type 
learning system

Tiwary, Almeida; Efficient detection of structure and status of traffic lights



Human-Abstraction 1: 
Geometric CV, filters

Human-Abstraction 2: Object 
Detection, 3D, Point Clouds

Labeling isn’t scalable, use light transport (physics) and 
self-supervised learning to support abstractions

New abstraction (2020-2022): physics with machine learning 
can support abstractions



Hypothesis early in my PhD: physics with machine 
learning can support abstractions

Klinghoffer*, Somsaundam*, Tiwary*, Physics vs. Learned Priors: Rethinking Camera and Algorithm 
Design for Task-Specific Imaging, ICCP 2022



Hypothesis early in my PhD: Physics helps provide 
structure to the learning problem



Evidence early in my PhD: Physics scale helps provides 
structure to the learning problem (physics <-> data are 
interchangeable)

https://docs.google.com/file/d/1GqKxzOoxz0gyvhugCjsKLWR4ybXq3x46/preview


Human-Abstraction 1: 
Geometric CV, filters

My Abstraction at the time: Perception-Action loops 

Back to work… Human-Abstraction 3: physics can 
provide structure to the learning problem

Human-Abstraction 2: Object 
Detection, 3D, Point Clouds

babe wake up a new 
abstraction just dropped



Some historical perspective on Perception-Action loops…

- Affordances: Actionable possibilities offered by 
the environment to an animal and are perceived 
directly based on the relationship between the 
physical properties of the body and the 
environment

- e.g., a chair affords sitting; a staircase affords climbing
- The Active Visual System: Vision does not 

happen inside a detached brain or passive 
eyeball. Perception belongs to an active, whole 
body moving through space



Simple task: Can we “discover” basic vision algorithms like 
nature? 

RL agent discovers stereo-depth algorithm 
without any monocular cues

RL agent discovers a generalized algorithms to 
navigate mazes (navigation using aperture and optic 

flow algorithm)

Klinghoffer*, Tiwary*, et. al, DISeR: Designing Imaging Systems with Reinforcement Learning, ICCV

https://docs.google.com/file/d/1Tn-e7QTS5F2z0Oe6aFL0lH9F4jN9hjNO/preview


More Challenging Task: Can we re-discover visual 
intelligence across Marr’s levels?



Generative Design of Visual Intelligence

Tiwary et. al, A Roadmap for Generative Design of Visual Intelligence, MIT Press 

https://mit-genai.pubpub.org/pub/bcfcb6lu/release/3


Model perception-action loops with an outer evolutionary loop 

Generate Hypothesis (evolution)

Verification (rewards)

action

observations
Training via PPO

Tiwary* et. al, What if Eye? Computationally Recreating Vision Evolution, Science Advances,  eyes.mit.edu 

https://docs.google.com/file/d/1HHbUdq3AOMGkrSQzezjsiegB6QN6jM3u/preview
https://docs.google.com/file/d/1_RgR5KmSwpGqnMTAY9XZKfAIerJ8gxyq/preview
http://eyes.mit.edu


https://eyes.mit.edu/ 

What if Eye…? 
🌌 🪐 Universe 💫 ☄

https://eyes.mit.edu/


Detection Only 
Universe

Navigation Only 
Universe

https://docs.google.com/file/d/1i5FJdv2jje9OxRUdcBvAeSOtjTFrKYcW/preview
https://docs.google.com/file/d/1HHbUdq3AOMGkrSQzezjsiegB6QN6jM3u/preview


Detection Only 
Universe

Navigation Only 
Universe

https://docs.google.com/file/d/1IzAWm4Uh8k3mE5HaFGZrT2hhrSjpcAKO/preview
https://docs.google.com/file/d/1fygGZfYw7O3FA2fHQPQYpevzOWf4CDnk/preview
https://docs.google.com/file/d/1k7XeuIZrBP84jSkz6dEGh9pfJSfyAfRj/preview
https://docs.google.com/file/d/1_-OH9rP68gMKgKpnT56bytgmXEykVCUA/preview


#eyes #photoreceptors

But how do we generate embodied eyeballs?

https://docs.google.com/file/d/1Kh3D8yuSkxNgyGq6deELciH7xzQsgydy/preview
https://docs.google.com/file/d/1mkL6UsEhiC7NKLNh_2E7LYWsh7iLpIXu/preview


https://eyes.mit.edu/ 

What if Eye…? 
🌌 🪐 Universe 💫 ☄

https://eyes.mit.edu/


Framework can also discover scaling laws 

Measure of 
visual acuity

DetectionNavigation Tracking



position pupil size

But how do we generate embodied eyeballs?

https://docs.google.com/file/d/1Kh3D8yuSkxNgyGq6deELciH7xzQsgydy/preview
https://docs.google.com/file/d/1mkL6UsEhiC7NKLNh_2E7LYWsh7iLpIXu/preview
https://docs.google.com/file/d/11v_bYjVdBlIIdJPnhZRdgvNTdD-9_lnI/preview
https://docs.google.com/file/d/14ye74Wv25_rIYnIemx4w9lAz4FC90Vmo/preview


https://eyes.mit.edu/ 

What if Eye…? 
🌌 🪐 Universe 💫 ☄

https://eyes.mit.edu/


This talk: What is the “generation-process” that can generate all 
of natural and artificial intelligence?

Human-Abstraction 1: 
Geometric CV, filters

Human-Abstraction 4: Perception-Action 
loops (my hypothesis)

Human-Abstraction 2: Object 
Detection, 3D, Point Clouds

Human-Abstraction 3: physics can 
provide structure to the learning problem

But are we at the center of the onion? (remember goal #2 from 
earlier)



A typical perception–action loop: 

Steering 
Throttle
Brake

Pixels
Point clouds

spectrograms

World
obs_t \arrow_left 
env.step(action)



A fixed perception–action loop makes four assumptions:

Steering 
Throttle
Brake

Pixels
Point clouds

spectrograms

#2: A fixed agent
#1: fixed input 

interface

World
obs_t \arrow_left 
env.step(action)

#3: a clean edge between 
agent and environment

#4: externally supplied objective

#1: fixed output 
interface



Assumption #1: The reality-agent interface problem

Steering 
Throttle
Brake

Pixels
Point clouds

spectrograms

#1: fixed input 
interface

#1: fixed output 
interface



#1: Pixels, Point clouds, spectrograms 
are human made representations

How “close” to reality can we interface with our sensing? 



#1: Pixels, Point clouds, spectrograms 
are human made representations

How “close” to reality can we interface with our sensing? 



.. But ultimately got 
bitter-lessoned because it 

didn’t align with scale and was 
focused on human-made 

abstractions (2D/3D)

V. Sitzmann et al., “End-to-end Optimization of Optics and Image Processing 
for Achromatic Extended Depth of Field and Super-resolution Imaging,”

I think end-to-end optics was on the right track… 



Open Questions and some interesting stabs at the 
problem… 

1. How do we “act” directly on photons? 
2. How do ride the scaling exponent and 

align with 1? 

Sundar*, Dutson* et. al, Generalized Event 
Cameras 

Young*, Batagoda* et. al, Enhancing Autonomous Navigation 
by Imaging Hidden Objects using Single-Photon LiDAR

https://wisionlab.com/project/generalized-event-cameras/
https://wisionlab.com/project/generalized-event-cameras/
https://camera-culture.github.io/nlos-aided-autonomous-navigation/
https://camera-culture.github.io/nlos-aided-autonomous-navigation/


Get rid of abstractions, 
directly model force!

How “close” to reality can we interface with our actuation? 

Steering 
Throttle
Brake



Takeaway #1: Remove all abstractions between you and  
reality

- Be mindful of your abstraction over your sensing
- Be mindful of your abstraction over your 

actuation

Models are too powerful now and will pick up (or will 
be limited by) human-made abstractions

Human-Abstraction 1: 
Geometric CV, filters

Human-Abstraction 3: 
Perception-Action loops (current)

Human-Abstraction 2: Object 
Detection, 3D, Point Clouds

Interface with reality?



Assumption #2: The agent-environment assumption

Steering 
Throttle
Brake

Pixels
Point clouds

spectrograms

#2: A fixed agent

World
obs_t \arrow_left 
env.step(action)

#3: a clean edge between 
agent and environment



Where’s Waldo the Agent?

Cook’s hand?

The cook?

Stove?

The painter?

The knife?

Rice & Beans I, Oil on canvas, Ricky Vasan, 2023, 
https://www.rickyvasan.com/ 

https://www.rickyvasan.com/


Collective view on agents: 

Cook’s hand?

The cook?

Stove?

The painter?

The other cook?

The knife?

Collective Agents: 
household?

Rice & Beans I, Oil on canvas, Ricky Vasan, 2023, 
https://www.rickyvasan.com/ 

https://www.rickyvasan.com/


Well, what is an agent in biology… 

West et. al, Major evolutionary transitions in individuality



We are composed of many sub agents

West et. al, Major evolutionary transitions in individuality



Some ideas to consider on agency… 

Kenton et. al, Discovering Agents

https://arxiv.org/pdf/2208.08345


- Don’t impose agency or action split at 
unnecessary places 

- Move from “learning” centric view to “agent” 
centric view

- Agent(s)-Env boundary is only gonna get 
challenging as number of agents scale

Takeaway #2: Questions around agency lie ahead of us

Rice & Beans I, Oil on canvas, Ricky Vasan, 2023, 
https://www.rickyvasan.com/ 

Human-Abstraction 1: 
Geometric CV, filters

Human-Abstraction 3: 
Perception-Action loops (current)

Human-Abstraction 2: Object 
Detection, 3D, Point Clouds

Agent Boundary?Interface with reality?

https://www.rickyvasan.com/


Assumption #3: The externally supplied objective 
assumption

Steering 
Throttle
Brake

Pixels
Point clouds

spectrograms

#2: A fixed agent
#1: fixed input 

interface
#1: fixed output 

interface

World
obs_t \arrow_left 
env.step(action)

#3: a clean edge between 
agent and environment

#4: externally supplied objective



Supply simple rules, not hand-designed objectives 

Bansal et. al, Emergent Complexity via Multi-Agent Competition

https://docs.google.com/file/d/1abHHfeqrMdJJGV-MtqobrF3l7h2GGmp3/preview


How can we explore this with language models? 

Tiwary*, Mayo* et. al, ArtifactArena: Evaluating Models by What They Build in the 
Physical World https://artifactarena.ai/ 

https://artifactarena.ai/


Simple rules, large design space, multi-agent, adversarial 

https://artifactarena.ai/ 

Tiwary*, Mayo* et. al, ArtifactArena: Evaluating Models by What They Build in the Physical World

https://artifactarena.ai/
https://docs.google.com/file/d/1_a7pXpH9Xxayrd207uq72BReUpt3aToi/preview


Creativity emerges from env & simple rules/constraints!



Models are not great at active explortation… 



The hard problems of curiosity, opendedness, motivation 
lie ahead of us (this is the exciting stuff)

Remember that some of the greatest 
discoveries in vision were driven by 
open-endedness, curiosity 



An example of no-objective LLM-based embodied 
exploration… 

Cloos*, Norelli* et. al, Is this machine playing?; https://machineplaying.org/  

https://machineplaying.org/
http://www.youtube.com/watch?v=6532YgZ_LdA


Takeaway #3: Don’t supply the objective; set simple rules 
and design environments that generates everything else

- Supply the rules, not the objectives
- Example: last bot standing. The model 

designs everything else: body, 
controller, strategy

- Process that generates it will probably have 
some multi-agent interaction in it

- Curiosity, opendedness, motivation are 
hard problems 



Takeaways:
- Takeaway #1: Remove all abstractions; peel the onion
- Takeaway #2: Remove all sensing and actuating interface
- Takeaway #3: Carefully examine the Agent-Env boundary 
- Takeaway #4: Supply physically grounded rules not objectives; make it 

multiagent so the process generates sub-objectives.

Human-Abstraction 1: 
Geometric CV, filters

Human-Abstraction 4: 
Perception-Action loops (current)

Human-Abstraction 2: Object 
Detection, 3D, Point Clouds

Human-Abstraction 3: physics can 
provide structure to the learning 
problem

Agent-Env 
BoundaryInterface with reality

Open-Endedness

New Goal: What is the “generation-process” that can 
generate all of natural and artificial visual intelligence?



Peeling back the onion of Computer Vision // Contact: 
ktiwary@mit.edu 

This talk: What is the “generation-process” that can generate all 
of natural and artificial visual intelligence?

Human-Abstraction 1: 
Geometric CV, filters

Human-Abstraction 4: 
Perception-Action loops (current)

Human-Abstraction 2: Object 
Detection, 3D, Point Clouds

Human-Abstraction 3: physics can 
provide structure to the learning 
problem

Agent-Env 
BoundaryInterface with reality

Open-Endedness

mailto:ktiwary@mit.edu

