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Controlling Behavior in Animals and Robots

Week 3: Taxis toward an odor source




Tortoises: Elmer & Elsie
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Tortoises: Elmer & Elsie

https://www.youtube.com/watch?v=[L UL RImXkKo
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https://www.youtube.com/watch?v=lLULRlmXkKo

“Mirror dance - narcissistic behavior”

http://cyberneticzoo.com/tag/tortoise/
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Experiments in Synthetic Psychology

Introduction

WS [ et the Problem of the Mind
y Dissolve in Your Mind

This is an exercise in fictional science, or science fiction, if
you like that better. Not for amusement: science fiction in the ser-
vice of science. Or just science, if you agree that fiction is part of it,
always was, and always will be as long as our brains are only
minuscule fragments of the universe, much too small to hold all the
facts of the world but not too idle to speculate about them.
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Experiments in Synthetic Psychology

Vehicle 1

/

Light sensor

Motorized wheel

i
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Experiments in Synthetic Psychology

Vehicle 2

Braitenberg, Vehicles, 1984



Experiments in Synthetic Psychology

Vehicle 2 Fear & aggression
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Inverting weights

\ Vehicle 3

Braitenberg, Vehicles, 1984



Inverting weights

\ Vehicle 3 Love & explorer
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Multisensory integration

Vehicle 3 Multisensorial
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Complex sensor functions

Vehicle 4

v = motor speed
i = stimulus intensity

BIOENG-456 Ramdya Braitenberg, Vehicles, 1984



Reactive behavior - line following

3.4 Line Following

Fig. 3.3 A robot with two ground sensors over a line

Fig. 3.4 Leaving the line

Mondada, Elements of Robotics, 2018




Reactive behavior - line following

Algorithm 3.4: Line following with two sensors

: when both sensors detect black
left-motor-power «
right-motor-power <«

left-motor-power <«
right-motor-power <«

]
2
3
4:
5: when neither sensor detects black
6
7
8
9

: when only the left sensor detects black

10: left-motor-power <

11: right-motor-power «

12:

13: when only the right sensor detects black
14: left-motor-power «

15: right-motor-power <«
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Reactive behavior - line following

Algorithm 3.4: Line following with two sensors
: when both sensors detect black
left-motor-power < 100
right-motor-power < 100

left-motor-power < 0

]
2
3
4:
5: when neither sensor detects black
6
7 right-motor-power < 0

8

9

: when only the left sensor detects black

10: left-motor-power < 0

11: right-motor-power < 50

12:

13: when only the right sensor detects black
14: left-motor-power < 50

15: right-motor-power < 0

BIOENG-456 Ramdya Mondada, Elements of Robotics, 2018



Reactive behavior - one sensor

—

Algorithm 3.5: Line following with one sensor
integer black-threshold < 20
integer white-threshold < 80
- when black-threshold < sensor value < white-threshold
left-motor-power <« 100
right-motor-power < 100

]
2
3
4
5: when sensor value > white-threshold

6 left-motor-power < —50

7 right-motor-power < 50

8:

9: when black-threshold < sensor value
10: left-motor-power <« 50
11: right-motor-power < —50

Mondada, Elements of Robotics, 2018




Any questions?

Taxis in biological systems...
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Odor taxis in animals

“Hounds on the Scent”, John Emms

BIOENG-456 Ramdya Porter et al., Nature Neuroscience, 2007



Odor taxis in humans

Porter et al., Nature Neuroscience, 2007



Some taxis mechanisms

(a) Stimulus induces change
in orientation

no directional bias in new heading directional bias toward stimulus in new heading
KINESIS TAXIS
indirect orientation direct orientation
orthokinesis klinokinesis klinotaxis tropotaxis
speed of movement rate of turning temporal comparisons of  simultaneous spatial comparisons
depends on depends on sequential stimulus samples of stimulus samples
stimulus intensity stimulus intensity taken by single-point sensor(s)  taken by separate sensors
(b) klinokinesis klinotaxis tropotaxis

-_—
G

Gomez-Marin & Louis, Current Opinion in Neurobiology, 2012



Any questions?

Descending control of behavior...
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Descending neurons

Brain

High-level controller

Inverse models and

action selection =
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contact sensing, and forces
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Descending neurons act as low-dimensional signals
that engage downstream CPGs
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Descending neurons act as low-dimensional signals
that engage downstream CPGs

' el 2007
BIOENG-456 Ramdya ljspeert, et al. Science, 200




Moonwalker Descending Neurons (MDNss)

Bidaye et al., Science, 2014 ,
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There are many classes of descending neurons
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Descending neurons drive many behaviors

a Walking b Fiight C Escape
GF

DNp11

DNp10

DNp02

d Grooming € Courtship f Reproduction

oo %\
s ont ((v:;
A
75:&»
Current Opirvon in Neurobiology

Simpson et al., Curr. Opin. Neuro. 2024




Paper 1: How do DN populations work together?

Brain

Descending
interneurons

(~10%)

VNC

~1300 DNs




Any questions?

Adult fly oltaction...

BIOENG-456 Ramdya



Drosophila oltactory organs

. antennae

maxillary
. palps

BIOENG-456 Ramdya Benton, Proc. Royal Society B, 2022



Drosophila olfactory receptors
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(a) e TN OO L LI P PEEPREERED
antennal basiconic ,,Z amineg|OOOOOOOOOOOO CO0OO0OCO0OO0O0O0O0CCO
sensillum 3 (ab3) ‘ = -
E lactones
Or22a/b  Or85b
0.5 mV _
ol carboxylic
ab3A ab3B — 0.5s acids
sulfur |
, compounds
|
terpenes and
terpenoids = —
(spike s7')
- - )
aldehydes ] — 200
cthyl butyrate e - 150
I 100
ketones 50
[ ] =z = 0
= 50
. b =
aromatics
==
=
= ]
heptanone alcohols o = I =
———— = =
[ ‘ [
| ==
==
=
b _é = =
- — | ] = =
=
esters = =
g 0 =
==
1 - =

Benton, Proc. Royal Society B, 2022



Drosophila olfactory pathways

Olfactory receptor neurons

ANTENNAE
‘ AND
i MAXILLARY
! PALPS
Glomeruli
‘Loeal' ANTENNAL
nedroen LOBE

Projection
neurons

Wilson, Annual Review Neurosci., 2013




Drosophila oltactory pathways

mushroom

........

lateral horn {

antenna
and maxillary palp
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olfactory _
-, projection
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) neurons
neurons

Benton, Proc. Royal Society B, 2022




Active sensing of odor gradients in Drosophila larvae

0s | run
Dorsal organ
head Olfaction
'
1| stop

Antennal
nerve

e

2 | head cast right

”

4 | head cast left

5 | turn

g | run

/
)
)

Gomez-Marin & Louis, Current Opinion in Neurobiology, 2012




Active sensing of odor gradients in Drosophila larvae

Odor concentration (uM)

Gomez-Marin & Louis, Current Opinion in Neurobiology, 2012



Active sensing in Drosophila larvae

Gomez-Marin et al., Nature Communications, 2011



Paper 2: How do adult flies track odor sources?

. antennae

maxillary
. palps

BIOENG-456 Ramdya Benton, Proc. Royal Society B, 2022



Any questions?

Neuroscience Bootcamp/AMA
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From gene to protein in the cell

NUCLEUS

Exon Intron

Transcﬂptlonl

RNA splicingl RNA

| UGN

CYTOPLASM

. DWW

mRNA
Translation

Protein

https://www.nature.com/scitable/topicpage/gene-expression-14121669/



Neurons are special cells

Cell body

Axon L &
’VI,. 2
Nucleus ”/ V
Axon hillock Synaptic terminals
S —

Golgi apparatus

Endoplasmic
reticulum

Mitochondrion | Dendrite

J \ Dendritic branches

Wikipedia




Neurons signal activity by 'firing’ action potentials
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Neurons talk to one another by synaptic connections

(B) Summed Summed Summed
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Calcium imaging of neural activity

a Fluorescent Calcium- b
module binding Calcium
7) module trace
Ephys
trace-----
No. of
(o spikes
N
. I
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\\
N
A 7
(1) GECI expression (2) Cranial window and 2P calcium imaging (3) Signal analysis

— Grienberger et al., Nature Reviews Methods Primer 2022




Optogenetic stimulation of neural activity

Bacteriorhodopsin Halorhodopsin Channelrhodopsin ‘ChR2'

H CI ’% N ART,

BIOENG-456 Ramdya Deisseroth et al., Nat. Neuro. 2015



Some tools for experimenting
with Drosophila
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UAS-Gal4 gene expression system in flies

TSy
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wingP | GAL4

Hales et al., Genetics 2015



UAS-Gal4 gene expression system in flies

GALA4 driver line UAS-target gene line

X

—
we{ Promoter s GAL4 fum mem  UAS e Gene of interest =
GAL4 protein
v
Progeny
—
we{ Promoter e GAL4 |uem UAS Gene of interest

e
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https://www.biorender.com/template/drosophila-gal4-uas-system




Sparser expression of gene with UAS-"split-Gal4”
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UAS-Gal4 targeting of MDNs

Cell bodies

Dendrites

Axons

Moonwalker Descending Neurons (4)

50



Optogenetic stimulation of MDNs

\ f
Light ON = S ﬂ et
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Any questions?

Today's papers:
How do descending signals drive
locomotion and grooming?

What algorithms allow flies to find an odor
source?
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