




2035, ISS, 400km (250 miles) above the earth

It's on America's 
tortured brow 

Is there life on Mars?

Sailors fighting in the dance hall
Oh man, look at those cavemen go
         It's the freakiest show



Starlink.

       So he said 
“Hey, you should of 
     worn a suit”

Seriously?

  Hey, what’s that 
    coming at us?



Mr Musk! We have 
      a problem!

Something hit one of our satellites! 
and the debris from that hit another satellite!! 
and the debris from that hit another satellite!!! 
and the debr…

    Mr Musk!   
Mr Muuusk!!!

What do you want 
from Elon Musk, 
  mere mortal?

and... that’s 
a problem?

Yes, that’s a big problem!
It’s an uncontrollable chain 
reaction (rather like you) 
which is destroying all our 
            satellites!!

We’re gonna lose 
    starlink!!!



The signal’s gone!
I’m lost!

How can I get back 
       to work?

        Hey! 
I might have a 
   solution!

Excuse me, Mr Bee, 
 I’m lost, can you 
help me get home? 

What’s happened to you little drone?
For a few days I’ve seen you flying over 
this area doing topographical surveys.

         I’ve lost all the signals 
     from antennas and satellites, 
I don’t understand what’s happened.

 Well, I’m just back from 
the centre of town where 
 I was sipping the nectar 
   from flowers on the 
  rooftops around the 
  Old Port. I certainly 
noticed that something noticed that something 
 unusual was going on.



  I haven’t seen the town centre in 
 that state since Marseille became 
a smart city in 2030. All the robots 
   are lost and driving aimlessly 
       or arguing while waiting 
   for the network to come back.

What? So it’s the 
same everywhere?!

Sorry, what’s your name?

I’m Honey, I work in the hive 
   at the foot of that tree. 
  It’s a race against the sun 
  to gather as much pollen 
     as possible. And you, 
      what’s your name?

      My name’s Droney, I work 
    for a surveyor, helping them 
 with local topographical surveys. 
        But, tell me Honey, how 
   do you manage to find your way 
when I can find nothing to guide me?

That’s easy Droney, I only use information naturally 
  available in the environment, as we’ve been doing 
  for 300 million years.  It’s free and I don’t need 
              to sign up to 8G or Starlink.
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          But how?  
If I can’t return to base, 
I might lose all the data 
  I’ve collected today 
  from this vast area.

Well, first you need 
to borrow my special 
       sunglasses.

   With my sunglasses you’ll be able 
     to see the polarised light. 

  It’s a nice day and you need to select 
your blue colour channel because, 
unlike me, you can’t see ultraviolet 
  light which allows me to find my way 
when the weather is not good.when the weather is not good.

Explanation of the diagram. The solar meridian (SM) and the antisolar meridian (ASM) 
form an axis of symmetry in the polarisation pattern. This polarisation pattern is in the 
form of concentric circles around the sun. The level of polarisation (DOP for Degree of 
Polarisation) is low around the sun but reaches a maximum at 90° from it, which is why 
you need to have a panoramic view of the sky to see the polarisation clearly, as sometimes 
the sun is obscured by the environment, clouds, or is below the horizon. The figure on the
left shows the polarisation pattern of the sky as a function of the position of the sun left shows the polarisation pattern of the sky as a function of the position of the sun (S) 
relative to an observer (O). The disc on the ground is considered to be tangent to the Earth's
surface; the axis (OZ) is defined as the normal to the ground. The orientation of the white 
dashes gives the Polarisation Angle (PA), while their length describes the Degree of Linear 
Polarisation (DLP). The PA is orthogonal to the solar meridian (SM) and antisolar meridian (ASM). 
The figure on the right shows the projection of the polarisation  pattern onto the ground. Along 
the meridians, all PA orientations are parallel to each other and perpendicular to the meridians. 

     Wow! Instead of seeing 
  a blue sky with a few clouds 
I can now see lots of concentric 
      circles around the sun. 
   Your sunglasses are magic.



   That’s the sky’s polarization pattern; it’s an optical 
   interaction between sunlight and the molecules that 
  make up the atmosphere. It forms concentric circles 
    around the sun; you only need to find the axes of 
symmetry of the polarisation pattern to determine your 
   heading or the sun’s position to geolocate yourself.

Incredible, I had never heard that 
      sunlight is polarised

I know where and at what time the sun rises and sets every day, 
so I can estimate the sun’s path through the sky. It’s easy, there 
are only 365 days in a year and in the summer, I only work for 
6 weeks so I’ve only got about 40 of the sun’s trajectories to 
memorise, given that I don’t go more than 8 miles (13 km) 
from my hive. So, I can use the sun’s trajectory to estimate 

my distance and direction from my hive.my distance and direction from my hive.

How precise is this 
“optical compass”?

As precise as a magnetic compass, precise to about 0.2°, I don’t ever 
lose my way, or not know where north is, unlike you when you fly 
over metal structures which interfere with the earth’s magnetic 
field. If you get completely lost, watch how the polarisation pattern 
changes over time. But, you do need to wait a few minutes while 
the earth rotates as this moves the polarisation pattern around 
the earth’s axis. This axis indicates true geographic north. So, the earth’s axis. This axis indicates true geographic north. So, 
you will see the polarisation pattern move around a fixed point in 
the sky where, at night, you will also see Polaris, the North Star.



   Honey, thank you for all these 
  explanations, may I borrow your 
polarised sunglasses for a few days 
  until the problems are solved?

I’m happy to help Droney, a few weeks ago 
I got to know a drone which was killing 
Asian Hornets, our worst enemies, 
without its help our colony would have 
been decimated. I can see the polarisation 
pattern without my sunglasses; that ability 
           is built into my retina.           is built into my retina.



Hi Mr Droid, 
how’s it going?

  I can see to find 
my way but without 
the 8G the map isn’t 
 updating anymore.

          Wonderful!! 
 Your roof-mounted laser 
 is turning, and you’ve got 
  high resolution cameras 
  for eyes, but even with 
 a visual acuity 300 times 
  lower than yours, and   lower than yours, and 
 using simpler algorithms 
than you, I can find my way.

   Hello Mr Ant, well 
it’s clearly going ok for 
you, how do you do that?

You no longer know where 
 to deliver your parcels?

I’m completely lost without 
   my GPS and 8G, it’s an 
    unexpected blackout.
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Explanation of the diagram. 
When the ant or bee moves from 
C0 to C1, then C2, then C3, then C4, then C5. 
The ant only memorises the distance C0C5 and the angle RH 
to return to its nest at C0. A bee 
only needs to memorise the distance and angle 
between two points. Insects therefore memorise very little between two points. Insects therefore memorise very little 
information to navigate, unlike AI, which must 
systematically position itself in a digital twin of 
the environment to precisely determine its route in that environment.  

    Please, tell me more. 
Could you show me what you 
 would do to get me home?

Start by counting your wheel rotations, because 
    I count my steps. Then, reduce your optical 
resolution, that will considerably reduce the energy 
cost of your calculations and so save your battery.

Ok, now everything is blurred, 
I feel as short-sighted as a mole, 
        or rather, an ant.

       To calculate how far I’ve travelled 
   from one point to another, I count my steps 
and sum the visual tracking speed of the ground, 
    this is called optical flow. Then I compare 
  the two calculations to estimate the distance.





If you follow the symmetry 
  axis of the polarization 
pattern you will find your 
heading as easily as with GPS, 
and to do so you only need to 
be able to see a part of the sky.

Wow! Your optical compass 
is amazing. It’s much better 
than my GPS which can’t see 
the satellites when I’m in a 
narrow street. With this, if 
I can see the sky, I know 
which way to go.which way to go.

Yeah, no problem, 
I don’t really need them.

That’s great, I can see lots of 
concentric circles in the sky.

I need to find a pair 
of sunglasses with 
  polarised lenses 
 for you, they’re very 
fashionable with bees.

Those sunglasses really suit you! 
Could I borrow them to demonstrate 
 skylight polarisation to my friend 
     who has lost his bearings?

 Hey, high-flyer, 
can you help me?



I would never have thought 
that a little ant weighing 
10 milligrams could do so 

much with such 
a small brain.

I also calculate an optical 
familiarity index while I’m 
travelling from my nest 
which allows me to find 
my way back even if I can’t 
see the sky and that makes 

  my journeys even more precise.    my journeys even more precise.  
My cousins from North Africa 
make journeys of up to a mile 
 without getting lost.

Let’s do the first part 
of the route together, 
my nest is in the same 

direction as your warehouse. 

Luckily, I can transmit the algorithms 
we have just created to my droid friends. 
Finally, I have just come to understand 
the term Green Artificial Intelligence

I notice that all of your droid friends are lost. You should 
form a convoy, just like we do to get home, it will help 

you to get back to your warehouse.



It’s easier when you take inspiration 
from your surroundings.

You’re absolutely right!

    Look Droney, 
  the droids are 
  moving again! 

And it looks like the drones 
are ok too.

Thank you for all these explanations 
and for the sunglasses, Now 
I will be able to find my way.

My pleasure!



Am I dreaming or are insects 
and robots cooperating?




