
 

Robots can learn a lot from nature if they
want to 'see' the world

July 9 2018, by Michael Milford And Jonathan Roberts
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Vision is one of nature's amazing creations that has been with us for 
hundreds of millions of years. It's a key sense for humans, but one we
often take for granted: that is, until we start losing it or we try and
recreate it for a robot.
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https://sciencex.com/help/ai-disclaimer/
https://blogs.scientificamerican.com/thoughtomics/animal-vision-evolved-700-million-years-ago/
https://aaronreistad.com/2016/08/29/the-top-5-things-i-took-for-granted-when-i-had-my-sight/


 

Many research labs (including our own) have been modelling aspects of
the vision systems found in animals and insects for decades. We draw
heavily upon studies like those done in ants, in bees and even in rodents.

To model a biological system and make it useful for robots, you typically
need to understand both the behavioural and neural basis of that vision
system.

The behavioural component is what you observe the animal doing and
how that behaviour changes when you mess with what it can see, for
example by trying different configurations of landmarks. The neural
components are the circuits in the animal's brain underlying visual
learning for tasks, such as navigation.

Recognising faces

Recognition is a fundamental visual process for all animals and robots.
It's the ability to recognise familiar people, animals, objects and
landmarks in the world.

Because of its importance, facial recognition comes partly "baked in" to
natural systems such as a baby. We're able to recognise faces quite early
on.

Along those lines, some artificial face recognition systems are based on
how biological systems are thought to function. For example, researchers
have created sets of neural networks that mimic different levels of the
visual processing hierarchy in primates to create a system that is capable
of face recognition.
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https://techxplore.com/tags/vision/
http://science.sciencemag.org/content/287/5454/851
http://www.pnas.org/content/106/21/8748.short
http://www.pnas.org/content/107/25/11638
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5447682/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5447682/
http://psycnet.apa.org/buy/1991-23846-001
http://psycnet.apa.org/buy/1991-23846-001
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.188.493
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.188.493
https://www.technologyreview.com/s/535176/human-face-recognition-found-in-neural-network-based-on-monkey-brains/
https://www.technologyreview.com/s/535176/human-face-recognition-found-in-neural-network-based-on-monkey-brains/


 

  

Visually recognising a place is straightforward … until the appearance of that
place changes drastically. Credit: Michael Milford

Recognising places

Visual place recognition is an important process for anything that
navigates through the world.

Place recognition is the process by which a robot or animal looks at the
world around it and is able to reconcile what it's currently seeing with
some past memory of a place, or in the case of humans, a description or
expectation of that place.

Before the advent of GPS navigation, we may have been given
instructions like "drive along until you see the church on the left and take
the next right hand turn". We know what a typical church looks like and
hence can recognise one when we see it.

This place recognition may sound like an easy task, until one encounters
challenges such as appearance-change – for example the change in the
appearance caused by day-night cycles or by adverse weather conditions.
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https://ieeexplore.ieee.org/document/7339473/


 

Another challenge in visually recognising a place is viewpoint change:
changes in how a place appears if you view it from a different
perspective.

  
 

  

When viewed from opposing viewpoints, the same place appears very different.
Credit: neyro2008 / Alexander Zelnitskiy / Maxim Popov / 123rf.com / 1 Year,
1,000km: The Oxford RobotCar Dataset

An extreme example of this is encountered when retracing a route along
a road for the first time—you are encountering everything in the
environment from the opposite viewpoint.

Creating a robotic system that can recognise this place despite these
challenges requires the vision system to have a deeper understanding of
what is in the environment around it.
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http://www.roboticsproceedings.org/rss14/p22.pdf
http://www.roboticsproceedings.org/rss14/p22.pdf


 

Sensing capability

Visual sensing hardware has advanced rapidly over the past decade, in
part driven by the proliferation of highly capable cameras in
smartphones. Modern cameras are now matching or surpassing even the
more capable natural vision systems, at least in certain aspects.

For example, a consumer camera can now see as well as an adjusted
human eye in the dark.

New smartphone cameras can also record video at 1,000 frames per
second, enabling the potential for robotic vision systems that operate at a
higher frequency than a human vision system.

Specialist robotic vision sensing such as the Dynamic Vision Sensor
(DVS) are even faster but only report the change in the brightness of a
pixel, rather than its absolute colour. You can see the difference here in
a walk around Hyde Park in London:

Not all robot cameras have to be like conventional cameras either:
roboticists use specialist cameras based on how animals such as ants see
the world.

Required resolution?

One of the fundamental questions in all vision-based research for robots
and animals is what visual resolution (or visual acuity) is required to "get
the job done".

For many insects and animals such as rodents, a relatively low visual
resolution is all they have access to—equivalent to a camera with a few
thousand pixels in many cases (compared with a modern smartphone
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https://techxplore.com/tags/camera/
https://www.theverge.com/circuitbreaker/2017/2/7/14532610/sony-smartphone-camera-sensor-1000-fps
https://www.theverge.com/circuitbreaker/2017/2/7/14532610/sony-smartphone-camera-sensor-1000-fps
https://techxplore.com/tags/system/
http://rpg.ifi.uzh.ch/research_dvs.html
http://rpg.ifi.uzh.ch/research_dvs.html
https://www.nature.com/articles/srep45972
https://www.nature.com/articles/srep45972


 

which has camera resolutions ranging from 8 Megapixels to 40
Megapixels).

The required resolution varies greatly depending on the task—for some
navigation tasks, only a few pixels are required for both animals such as
ants and bees and robots.

But for more complex tasks—such as self-driving cars—much higher
camera resolutions are likely to be required.

If cars are ever to reliably recognise and predict what a human
pedestrian is doing, or intending to do, they will likely require high
resolution visual sensing systems that can pick up subtle facial
expressions and body movement.

A tension between bio-inspiration and pragmatism

For roboticists looking to nature for inspiration, there is a constant
tension between mimicking biology and capitalising on the constant
advances in camera technology.

While biological vision systems were clearly superior to cameras in the
past, constant rapid advancement in technology has resulted in cameras
with superior sensing capabilities to natural systems in many instances.
It's only sensible that these practical capabilities should be exploited in
the pursuit of creating high performance and safe robots and
autonomous vehicles.

But biology will still play a key role in inspiring roboticists. The natural
kingdom is superb at making highly capable vision systems that consume
minimal space, computational and power resources, all key challenges
for most robotic systems.
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https://www.phonearena.com/news/The-40-MP-sensor-on-the-Huawei-P20-Pro-may-be-a-direct-descendant-of-Nokias-research_id103550
https://www.phonearena.com/news/The-40-MP-sensor-on-the-Huawei-P20-Pro-may-be-a-direct-descendant-of-Nokias-research_id103550
http://journals.sagepub.com/doi/abs/10.1177/0278364913490323
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5676781/
https://techxplore.com/tags/natural+systems/
https://techxplore.com/tags/vision+systems/


 

  
 

  

Bees navigate effectively using a relatively low resolution visual sensing
capability. Credit: Bogdan Mircea Hoda / 123rf.com

This article was originally published on The Conversation. Read the 
original article.
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