neurosciences

INSTITUT //7774444...
DES SCIENCES ETIENNE

Sparse Deep Predictive Coding tomodel visual object recognition

V. Boutin'?*, A. Franciosini', F. Chavane!, F. Ruffier?, L. Perrinet!

L Aix Marseille Univ, CNRS, INT, Marseille, France, ?Aix Marseille Univ, CNRS, ISM, Marseille, France

*Contact: victor.boutin@univ-amu.fr

*
** **
* *

* e K

European
Commission
I

DU MOUVEMENT JULES presentation number : 490.02
B & 0 2 O M}E‘\REY
INTRODUCTION SDPC FEEDBACK - NEURAL LEVEL (1) SDPC FEEDBACK - NEURAL LEVEL (2) SDPC FEEDBACK - REPRESENTATIONAL LEVEL (2)
The brain has to solve inverse problems to correctly interpret sensory SDPC feedback signals reorganize the V1 interaction map A
data and infer the set of causes that generated the sensory inputs. To AT B. L 120" * & * + ot r—
solve such a problem we use the Sparse Deep Predictive Coding (SDPC) : krp =0 hrp =1 + | (o 1 2 3 4
algorithm, which combines Predictive Coding (PC) |3| and Sparse Coding 1.25- ° ’ ¢ 0 : : Y [
. . \
(SC). PC governs interactions between layers. It suggests that feedfor- n 0
ward connections transmit prediction error, and feedback connections P> N 1 e | 3
. e . . . O 1
carry the prediction of the lower level activity. SC is used to model lo- e P P e, PSS 9 O n n
cal processing [2]. SDPC minimizes at at each layer the following loss P Py f“;
function: E | / Oy / Oy, 0.75- { 3 3 ﬂ n
7 | + A o |
1 k 4 A QR &
_ T., |2 rB T 2 Ak _
L= 5”’77;—1 — D; ;5 + 5 1vi = Dipavisalla + Aillvillh - (1) . | - -y (.
' 4 3 2 1 0 1 2 3 4 D | f f 4
Tyi, Y. # neurons to center | . .
X
N N\ . T_ac — baseline (ke = 0) P A P Input Layer 1 reconstruction Layer 2 reconstruction
ETHOD
neural response (|4 | ) Relative response w.r.t. no feedback along the axis of the central preferred
| P orientation of V1 interaction map. Each point represents the median over all the B C
! < _ orientation, and error bar are computed as the Median Absolute Deviation. The x-axis 1 1
' | : ' ' represent the distance, in number of neurons, to the center of the interaction map. The 51011 510~
: | | 0.3 0.4 0.5 0.6 0.7 0.8 baseline represents the relative response without feedback.
: l ! Inter-Layer Feedback Example of a V1 interaction map centered on neurons strongly responding to
I : ' connections a central preferred orientation of 30°. (A) With a kpp = 0. (B) With a krpp = 1. . . . . % 110-1 % 110-1
| | | The SDPC is trained on STL-10. The color scale being saturated toward both maximum Technical details on interaction map no - no o2
. o . . . o, e 5.1 —Z 5.1 — < |
| : — 1 _ and minimum activity, all the activities above 0.8 or below 0.3 have the same dark green B 70 Y1 [ (97 Lo, yc] — Y1 [ (97 Loy ywc]
| | — LT > - Feedforward connections or white color, respectively. Y1 = V1 [ (97 x, y] e’ and a,[ 6’, T, yc] — 7
I '-/EN ~Y
: | ! / : 71[ y Lves Y C] 1.10-2L, . . . . . 1.10-2L . . . . .
! ! ! 4 ! Internal Feedback A . B . 0, 0, 0 1 2 3 4 3 0 1 2 3 4 3
: l : : : connections j _ 1 . 1 noise std (o) noise std (o)
I M I : \LA‘ I 6 1 6- — H[SCC7 yC] — CLtCLTLQ (ﬁ z : a[97 xC’ yC] Szn(0)7 E z : a’[H’ xC’ yC] COS(H)) — k=0 keg=1 krg=2 krg=3 —— k=4 —— baseline
| DT . DT | N T N _ | _ _
: 1 : : 2 : EZ ch EZ =N 0=0, 0=0, Effect of the feedback strength on blurred images from CFD database. (A) In
Input l SPC Layer 1 : | SPC Layer 2 l S 4 _ 4 0 5 0 5 the left block, one image is blurred by Gaussian noise of mean 0 and standard deviation
Image ~~ "~~~ ~"~""""~"">"> oo ooo oo 5, 3 _ 1 = i . (o) varying from 0 to 5. The central block exibits the representations made by the first
Architecture of a 2-layered SDPC model. In this model «, represents the neural g 3] - s 3] 1 }a[ﬂfc, yc] ‘ — — g (1/[9, Le, yc]cos(ﬁ) + E a[@, Zc, yC]SZ?’L(Q) layer ("Yi’ff), and the right-hand block the representations made by the second layer (,ygff).
activity and €; is the prediction error at layer 2. The synaptic weights are denoted Dj;. £9 2 £9 2 i n\ =0, =0, Within each of these blocks the feedback strength (kg p) is ranging horizontally from 0 to 4.

The level of sparseness is tuned with the soft thresholding parameter \;. krp control the
strength of the feedback connection represented with a blue arrow.

RESULTS OF THE TRAINING A

SPDC learns edge-like oriented filters

STL-10 database CFD database

Results of the SDPC training on the STL-10 database (right block) and
on the CFD database (left block) with a feedback strength krpgp =1. (A) &
(F): Randomly selected input images. (B) & (G): 1°* layer RFs of size is 8x8 px on
the STL-10 database (B) and 9x9 px on the CFD database (G). (C) & (H): 1°' layer
reconstruction. (D) & (I): 2"¢ layer RFs of size 22x22 px on the STL-10 database (D)

and 33x33 px on the CFD database (I). (E) & (J): 2™% layer reconstruction.
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Relative co-linearity and co-circularity of the V1 interaction map w.r.t. marginal
co-linearity /co-circularity. (A) In the end-zone. (B) In the side-zone. Bars’ heights
represent the median over all the orientations, and error bar are computed as the Median

Absolute Deviation. The baseline represents the co-linearity and co-circularity without
feedback.

SDPC feedback signals modulate the interaction map activity
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Example of a V1 interaction map centered on neurons strongly responding to
a central preferred orientation of 45°, and colored with the relative response
w.r.t. no feedback. The SDPC is trained on STL-10 and krpg = 1. The color scale
being saturated toward both maximum and minimum activity, all the activities above 1.3
or below 0.5 have the same dark green or dark purple color, respectively.
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Relative response of V1 interaction map w.r.t. no feedback for all central pre-
ferred orientations. (A) in the end-zone. (B) in the side-zone. (C) In the center. Bars’
height represent the median over all the central preferred orientation, and error bar are
computed as the Median Absolute Deviation. The baseline represents the relative response
without feedback.

SDPC FEEDBACK - REPRESENTATIONAL LEVEL (1)

SDPC feedback signal accounts for input denoising
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Effect of the feedback strength on blurred images from STL-10 database. (A) In
the left block, one image is blurred by Gaussian noise of mean 0 and standard deviation
(o) varying from 0 to 5. The central block exhibits the representations made by the first

layer (‘yi’ff), and the right-hand block the representations made by the second layer (‘ygff).
Within each of these blocks the feedback strength (kg p) is ranging horizontally from 0 to 4.
(B) exhibits the SSIM index between non-blurred images and their representations by the
first layer of the SDPC. (C) exhibits the SSIM index between non-blurred images and their
representations by the second layer of the SDPC. All curves represent the median SSIM over
1200 samples and present a logarithmic scale on the y axis. The color code corresponds to
the feedback strength, from grey for krgp = 0 to darker blue for higher feedback strength.
The black line is the baseline, it is the SSIM between blurred and non-blurred input image.

(B) exhibits the SSIM index between non-blurred images and their representations by the
first layer of the SDPC. (C) exhibits the SSIM index between non-blurred images and their
representations by the second layer of the SDPC. All curves represent the median SSIM
over 400 samples and present a logarithmic scale on the y axis. The color code corresponds
to the feedback strength, from grey for kg = 0 to darker blue for higher feedback strength.
The black line is the baseline, it is the SSIM between blurred and non-blurred input image.

CONCLUSION A

e Neural level: The SDPC interaction maps are very similar to the as-
sociation fields as defined by [1|. The SDPC feedback signal increases
activity in the end-zone and decreases the activity in the center and
in the side-zone of the interaction map. SDPC feedback signals
accounts for contour integration and association field repre-
sentation in V1.

e Representational level: SDPC feedback signal has the ability to de-
noise blurred image. SDPC models the crucial role of recurrent
processing in recognition of degraded objects

THE SDPC ACCOUNTS FOR TWO LEVELS OF ANALYSIS
related article: https://arxiv.org/abs/1902.07651
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