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A Corridor Experiments

Bees are capable of navigating complex environment.

Experiments(Srinivasan, 1996) show that

U Honeybees can estimate speed of image moving
through their compound eyes

U The flight control is independent of spatial structure

U The bees use the angular velocity of moving image

i

i n both eyes to keep flying +h t

tunnel. They sense distance to the wall by image

velocity:.
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A Srinivasan, M., Zhang, S., Lehrer, MGdett, T. (1996). Honeybee navigatienroute to the goal: visual flight control and

odometry. Journal of Experimental Biology, 199(Pt 1);284.
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A EMD model | :
Elementary motion detector model is first proposed by \'I/ < \{/ >
Reichardt in 1957 to describe motion sensitivity in d d

animal vision. The main idea is that:
U The signal captured from photoreceptor A is delayed
U And then correlated with signal from B without delay

4
U The model produces a strong output the image move -w/ <./ \‘/' \_J
fromAtoB d d/

A Eichner, H.JoeschM., Schnell, BReiff D. F., & Borst, A. (2011). Internal structure of the fly elementary motion detector. Neurqr
70(6), 115564,
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A EMD model

Elementary motion detector then developed a lot.

U First it was generalized to a antisymmetric model \/ \J

which subtracts right arm response from left to get a =

T
directional selective model(positive for progressive
and negative for regressive) qVI |V|>
U Then Zanker proposed that multiply a number

()
between 0 and 1 before subtraction can tune the \;/

speed response of the model.

A ZankerJ. M., Srinivasan, M. V. BelhaafM. (1999). Speed tuning in elementary motion detectors of the correlation type g
Biological Cybernetics, 80(2), 1096.
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A Performance of 3 models
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A ZankerJ. M., Srinivasan, M. V. BelhaafM. (1999). Speed tuning in elementary motion detectors of the o L

correlation type. Biological Cybernetics, 80(2),-108.
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A Optical Flow Method

To compute the optical flow between two images, you must solve the following optical flow constraint equation:
Tu+lv+I =0
X ¥ t

To solve v and v using the Horn-Schunck method:

1. Compute {{ and 13 using the Sobel convolution kernel, [— 1 -2 -1; 0 0 0; 1 2 1 ,and its transposed form, for

each pixel in the first image.

2. Compute ‘iz: between images 1 and 2 using the :— 1 'l] kernel.

3. Assume the previous velocity to be 0, and compute the average velocity for each pixel using [U 1 0,101, 010
as a convolution kernel.

4 lteratively solve for v and v.
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A Grating experiments
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A EMD models of different balance

a balance 1.0 b balance 0.5 C balance 0.0
mo 1.0 vvvw.._____
i é{j / X 1.% \ v ,
x 1. v
Pl TR
A 143 N
/ . ?( ¥
7 l v
/ /(‘ 0.8 /{ '4,
vV A =10 pix
,(‘ \ V} vV A =16 pix
l“ A A=10pix | | 2| [EN O A =10 pix 0.7 v A =32pix
A )\ =16 pix : A @ )\ =16 pix
A )\ =32 pix ALl ¢ ® )\ =32 pix
LLI . . 0.4 LT ' 0.6
0.3 0.5 1.0 3.0 5.0 8.0 0.3 0.5 1.0 3.0 50 8.0 0.3 0.5 1.0 3.0 5.0 8.0

speed [pix/frame]

speed [pix/frame]

speed [pix/frame]

A ZankerJ. M., Srinivasan, M. V. ByelhaafM. (1999). Speed tuning in elementary motion detectors of the correlation type,- '
Biological Cybernetics, 80(2), 1096. =)
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A EMD model

Furthermore, Zanker tests the correlation models under 8.0

different grating period to get a maximum responds : |
6.0

U Fully balanced correlation model responds best to a

balance
4.0 . -

; - -
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U While half detector responds best to a preferred / [ A —

characteristic temporal frequency rather than a

characteristic speed.

optimum speed [pix/frame]
\

speed which means near the optimum speed the 0 20 40 60 80 100
grating period [pix]

model is independent of spatial structure.

A ZankerJ. M., Srinivasan, M. V. BelhaafM. (1999). Speed tuning in elementary motion detectors of the correlation [T ——
Biological Cybernetics, 80(2), 1096. iy
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A An UIar VeIOCIt DeteCtor MOdEI Photoreceptors
g y WA _
. N\ N\ Lamina
An neurally based model is proposed upon EMD , , :l
(Cope, 2016) to estimate angular velocity in the bee
brain. The main idea is that:
W - e UL
U First it contains 2 partial balanced (0.25) EMD @ || 5 || 5 ol | -, |15 ] Medulla
models with different time delays \( \(
U Second it uses the ratio of two outputs from 2 EMD @ M> M M> |1
to get a spatial independent angular velocity @ ‘ @ ‘ oz
estimation. = T —
£ Profgsg:sgrrum
v -

A Cope, A. J,, Chelsea, S., Kevin, G., Eleni, V., & Marshall, J. A. R. (2016). A model for an angtlatecinction detecor T ———
accounting for deviations in the corridaentering response of the bee. PLOS Computational Biology, 12(5), €1004887. i |l
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A Angular Velocity Detector Model

U The parameters of time delayed is pivotal in this AT V5
model. The authors get the delays by keeping one . 10 Vil :t_
fixed to find the best value of the other. é |

U The criterion for choosing best delays is whether i |
the response have a log-linear relationship with § 1 o ; o M‘;Ji —
angular velocity, which is consistent with most data /,-::/ | =
sets of the experiment(8/13). 0,4./—7» 100 | 1500

Angular velocity (deg/s)

A Cope, A. J., Chelsea, S., Kevin, G., Eleni, V., & Marshall, J. A. R. (2016). A model for an angdlarecincition detecbr

accounting for deviations in the corridgentering response of the bee. PLOS Computational Biology, 12(5), e1004887.

71 =5ms ;= 10ms
T1=5ms ;= 15ms
7= 5ms 12 = 20ms

T1=2ms ;= 15ms
7, =5ms = 15ms
7= 10ms 12 = 15ms
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A Angular Velocity Detector Model

U The proposed model shows that response is

almost independent of spatial structure and @
-
contrast when the angular velocity is not too high 8
@
or to too low. %
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A Cope, A. J., Chelsea, S., Kevin, G., Eleni, V., & Marshall, J. A. R. (2016). A model for an angdlarecincition detecbr =
accounting for deviations in the corrideentering response of the bee. PLOS Computational Biology, 12(5), €1004887. ¥4
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A Angular Velocity Detector modified
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A Cope, A. J., Sabo, C., Vasilaki, E., Barron, A. B., & Marshall, J. A. (2017). A computational model of thesg =5 i
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A Main doubts

i

Is there a mechanism for division in insect neural
network? Why the ratio of two EMDs represents
the angular velocity? If there is a mechanism for

division, we can simply using optic flow to compute

the speed exactly.

Why t he model

grating period and contrast when the image go

sl ower ? 1| n

more accurate angular velocity when it moves a

little slower.
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A Grating Experiments: sinusoidal pattern
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A Gratlng Experlments different balance parameters
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A 4 layers of lobula plate in EMD

Figure 1: Directional tuning and layer-specific projection of T4 and T5 celis.
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A Maisak M. S., Haag, Ammer G.,Serbe E., Meier, M., & Leonhardt, A., et al. (2013). A directional tuning 4
map of drosophila elementary motion detectors. Nature, 500(7461), 212. '
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A ON & OFF pathway of EMD
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Figure 1 | Motion detection and the fly optic lobe.

A Eichner, H.JoeschM., Schnell, BReiff D. F., & Borst, A. (2011). Internal structure of the fly elementary
motion detector. Neuron, 70(6), 115%1.
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A Tm9 is required for Local Motion Detection

U Tm9 Is Critical for Moving OFF Edge Detection

U OFF Motion Detection Requires Inputs from L1, L3, and Tm9

U Tm9 Responses Require Inputs from Both L3 and L1

U Tm9 Neurons Respond to Visual Stimuli Across a Wide Visual Field

U Tm9 Is Broadly Required for Responses of Direction Selective T5

A Fisher, Yvette , Leong, Jonathan , C.Spérar et al. (2015). A class of visual neurons with wielel

properties is required for local motion detection. Current BiolQig25(24), 3178.
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A Artificial Compound eye CurvACE

A Floreang D.,PericetCamaraR.,Viollet, S. Ruffier F. Briickner A., &Leitel R., et al. (2013). Miniature curved artificial
compound eyes. Proceedings of the National Academy of Sciences of the United States of America, 110(23), 9267.




