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https://github.com/cedric-scheerlinck/dvs_image_reconstruction
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DAVIS240C
» Direct access to events
through parallel bus.

ULTRA96

 Read events direct to FPGA.

« Write events and derived
information to shared memory.
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An event camera yields a series of events {ey }

€k = (O-katkaukavk)

where (o, tr,ux, vr) are the polarity, time stamp and pixel location of event k.

V = logl(t)
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Define a function F; :IN xIN - R by
By (u,v) = 0,04y 0) (U, V)

where 0y, ,,) 18 the Kroneker delta function

1 (u,v) = (ug,vk)
Ou,vx) (U V) = { 0 (u,v) # (uk-vk)

Event stream { E(t,u,’u) = Z Ek(U,U)CS(t - tk) }
k=1

where o0 is the Dirac delta function The time
coordinate tis a
> continuous-time

j:m 5(t o T)f(T)dT = f(t) variable
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Direct integration

L(t;u,v) = > Ey(u,v) :[; E(7,u,v)dr

{k|tip<t}

E(u,fu)(t)

L(ujv) (t) Trar_15fer _functior_l interpretation
> of direct integration

A 4

W =

High levels of noise in the event
stream stay in the image stream
and make direct integration im-
practical.
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Ewo(®) 1] [ Lu,v)(t)
g S g S+« g
Integration High pass filter

Integration without high pass Integration with high pass
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i/(u,fv)(tg

T
w |

Transfer function realisation

Image state:
Ly (t) is the internal state
of the filter.
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If an estimate Y (u,v) of -
the conventional image is }/(ua@’)(t) 1o 1 L(u,v)(t)
available . s g
Transfer function realisation It
tk
; s 1 a E dr ~ L(t
Ly = —FE(y . + —Y 0 [ (7, u,v)dr ~ L(ty, u,v)
(’)(S) S+ s (’)(S) S+« (’)(S) -
~ Yk(U,U)

ODE system realisation

d - A
7 Ly (8) = =Ly () = Yy (D) + By (1)

S X

L(s,u,v) » ( + )L(t,u,v)

S+« S+«

~ L(t,u,v)
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Ordinary differential equation

d

d_-i/(u,v)(t) = —a(Luw)(t) = Yiuw) (1) + By (t)

Solve on the time period t € (¢, tx41) for fz(u,v)(tk) known.
For Y{,, .)(t) constant (zero-order-hold) and E,, ,(¢) =0 then

A [ j;(u,v) (tk+1) = 6_a(thrl_tk)II\J(u,’u) (tk)+(1_e_a(tk+l_tk))(f’(u,'u)(tk)_}/(u,v) (tk)) }

Solve on the time period t € [tpy1,try1] for ﬁ(u,v)(tgﬂ) known.
Integrate through the Dirac delta function

B [f’(u,v)(t;crﬂ) = [A’(’Un’U)(t;H) T O_ké(ukaﬁk)(u’v) ]

e Asynchronous: Only compute when an event arrives.

e Computationally efficient: One scalar exponential.

e Image state: Estimate L(t,u,v) is stored in memory and can be ac-
cessed whenever required.
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Raw Frame Reconstruction (full)

Using the DAVIS 240C raw
images as Y{,, ,,)(t) ground
truth.

Using events only. Setting
Yr(u,’v) (t) = 0.

PNt G
o g

: e :
:.:'f.i:;.':'.'... o S

i

Current Events | Reconstruction (events only)
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https://github.com/cedric-scheerlinck/dvs_image_reconstruction
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No bias
correction

Yv(u’v)(t_) ;(u,v)(t)

Vol

®» |~

With bias
correction

Hot pixels, that tend to fire all the time, or
bias that causes a pixel to fire more in one di-
rection than another.

Add an integrator in the “controller’ gain block
to make the system type L.

Bias image
State
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Image gradients computed from a spatial filter applied to image
Gi(u,v) = K * Ly(u,v)

Spatial convolution is linear and factors through the linear filter blocks

E(t,u,v)
E(t,u,v) Kl*
Y (t,u,v) . G(t,u,v) . Y(t,u,v) | . G(t,u,v)
- ; :K*—b — —bK* =|Oé Y g >

Set the low-frequency in-
formation K * Y;(u,v) » 0
to_zero
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0 0 0 0 0 0 O O O O O O
0 0 0 0 0 0 O 1 O _1 O O
—1 0 1 0 0 1 0 0 0
20 2|, _ |02 |0 |-2]|0 |O
—toafm P ) o |1 jo |-1fo |0
Gradient S L A A O |0 |0 |0 |0 |O
kernel 0 o o o jo o olololololo

Event occurs at a

) A new set of events, all with
location (u,,Vv,)

timestamps t,, occurring at
locations given by K convolved
with the Kroneker delta

Ex I:D K x By = {K;j0k0(uy-i,0,—j) (U, 0)6(t —tx) }

Each event #(K) events
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Optical flow ®(t,u,v) = (P, (¢, u,v), ®,(¢,u,v)) can be thought of as an
image state.

The constant brightness assumption yields

0

&Iﬁ/(ta u, ’U) = _vf’(tﬂ u, /U)T(I)(t’ , U)

Approximating %ﬁ(t, u,v) ~ E(t,u,v)/ Aty and using G (t,u,v) » VL(t,u,v)

A high frequency, temporally sparse, measurement of the normal com-
ponent ®,, of ® is

E(t,u,v) G(t,u,v)
Aty |G (t,u,0)?

(I)n(ta u, U) - =

Asynchronous event filters 20-Jun-19



@RD BOTIC Australian

VISION  Complementary filter for Optic Flow Hﬁit\',%?éi'ty

_ E(t,u,v) G(t,u,v)
At |G (tu,v)[?

W(u,v)(tig’lé_' 1 l =(i)(u,v)(t)

By moving the high-frequency in-
put in front of the integerator then
it high-pass filtered —>— without
being integrated.

If a low-frequency estimate of flow
(CNN) is available W, ,)(t) this
can be fused.
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Let G (t,u,v) denote the gradient image state.

A modified Harris matrix is given by
M (t,u,v) = (K * G(t,u,v)) (K * G(t,u,v))".
where K is a smoothing kernel

The Harris corner-response is

H(t,u,v) :=det(M(t,u,v))/tr(M(t,u,v)),

The smoothed gradient (K * G(¢,u,v)) is linear.
The Harris matrix M (¢, u,v) and the Harris response
H(t,u,v) are both nonlinear and must be computed
from filtered variables as required.

Raw Image

Positive Events
Negative Events
Estimated Track

.
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