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AM: a filter to detect the IMAGE relevant features 

HEP

FILTERING NATURAL  
IMAGES: edge detector
���� AM as neurons?

Filtered images are clear to 

human eyes



The Event

...

The 

Pattern 

Bank

Pattern-Matching for Tracking

Serial approach

Before  the run:

Finite resolution defines bins.

Precalculate bin patterns: roads.

Store roads in a bank.

While running:

Compare roads to event hits.

hits



Associative-Memory Pattern-Matching

Bingo

~109 patterns for FTK @ ATLAS

All patterns simultaneously see silicon hits coming from detector

Pattern recognition is complete as soon as all data are read out!

But… coarse resolution:  ~100s µm
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Memory cell

One hit bus per detector layer

N words per memory cell

Each word stores a bin coordinate

Each word has its own comparator

AM-Chip Architecture



• B/W                            ... 29=512 patterns:  101-010-100, …….  ,   111-011-001

• 4 gray level                 ...                218= 256 Kpatterns:  00,00,01-00,01,00-11,00,10 …..

• B/W  +  time                     227= 128 Mpatterns:  111,000,000 - 000,111,000 - 000,000,000  …

Accepting only

these 50 patterns
Accepting only

these 16 patterns

9.8%

5.5%

4 grey level: 

218 patterns

Stored  N=2000
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HOW we use the AM to filter images?
We build small arrays of pixels (3x3 for static images or 
3x3x3 for movies) that are AM patterns - M. Del Viva, G. Punzi



How we select the relevant patterns? 

Patterns that are

efficient carriers 

of information

given the bandwidth (W)

& memory limits (N),

under real constraints
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Entropy yield per unit cost and for each pattern:



16 
Relevant

Patterns 
used

Probability distribution of the Ntot = 2^9 possible 3x3 square pixel 
matrices in black/white for natural images

Entropy Calculation for “relevant 

patterns”

50 
Relevant
Patterns

used



CLEAR to human eyes: tests done 

with people

Michela Del Viva e Giovanni Punzi (Universita’ di Firenze e Universita’ di Pisa)



Michela Del Viva e Giovanni Punzi (Universita’ di Firenze e Universita’ di Pisa)



Michela Del Viva e Giovanni Punzi (Universita’ di Firenze e Universita’ di Pisa)



Movie Sketches ?

• The filtered images shown above were obtained 

using Mathematica on a standard CPU and were 

used to do tests with persons.

• Sketches for movies require a large amount of CPU

• Our goal is to provide them to test if this 

mechanism works for brain movie processing: is W 

and N similar in the case of movie? Does the brain 

use more resources in this case?



Analisys of the image at higher levels: Clustering 

contiguous pixels over threshold – very suited for 

FPGAs

C.-L. Sotiropoulou et al. “A Multi-Core FPGA-based 2D-Clustering 

Implementation for Real-Time Image Processing”, Nuclear Science, 

IEEE Transactions on, 61 no. 6, (2014) 3599–3606.





Medical imaging: is there a field 

where decreasing the info (working on 

edges) could be an advantage?



original

1 bit filtered

2 bit filtered

1 bit

2 bit

EXAMPLES:



Movement of the object under diagnosis could be 

an issue?

Could be interesting to look only to contours, but 

reconstruct the movement of the object?



Conclusion – Collaboration?

If we find something that is interesting: can we 
collaborate?

• We provide the hardware 

• You provide the use case and the images

• We process them

• You guide us judging the results

Grazie  …..


