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Applications

Radar system

Detect water leak

Web filtering

Risk management

Telescope image analysis
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Original

r = 1

S & P (0.02)

r = 0.908

S & P (0.2)

r = 0.521

Flip

r = - 0.057

Resolution / 2

r = 0.956

r = - 0.014 r = 0.063 r = - 0.083

Gaussian (0.2)

r = 0.944
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Math & SW vs HW distribution
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SW vs HW distribution
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Corr2 IP interfaces
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Custom Arithmetic Logic block 

simplifications
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Custom Arithmetic Logic block
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Corr2 IP 
Fifo A receives reference

image (A)

After is loaded, 

the feedback path is

enabled

Accumulator calculates the

sum of elements of the

incoming image

Fifo B receives image to be

compared againt A. 

The content is stored

until all the elements

have been summed up

4 instances of the CALB

block proccess 4 pixels

simuntaneously 
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Corr2 IP Data flow timeline 

Perfomance boost

thanks to:

DMA access to 

memory

Reading image A

only once for all

coeficient

calculations

Loading data, 

calculating sum,

calculating Y,

calculating Z, 

simultaneously

Processing 4

pixels at the same

time
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Functional Simulation / Verification

DUT

Avalon Master & 

Slave Memory 

Mapped  translator

Avalon Master & 

Slave instructions

Testbench
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Functional Simulation / Verification

Receiving 

Image A and

summing up

Receiving 

Image B and

summing up

Receiving 

Image C and

summing up

Receiving 

Image D and

summing up
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Functional Simulation / Verification

Receiving 

Image A and

summing up

Receiving 

Image B and

summing up

Receiving 

Image C and

summing up

Receiving 

Image D and

summing up

Calculating X

Calculating 

Z,Y for image 

B

Calculating 

Z,Y for image 

C
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Functional Simulation / Verification
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Top level block diagram
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Software structure
SDRAM memory

0

Img_size - 1

Img_size

2*Img_size - 1

2*Img_size

…

N*image_size

• Custom protocol (above UART)

•SDRAM writing

• Mailbox sender

NIOS_0

• Mailbox receiver

• SDRAM reading

•Pure SW implementation

•Software part of the HW 

accelerator

NIOS_1

•Python-based 

image loader

•Custom protocol 

(above UART)

Host PC

Mailbox
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Performance measurements

Time for loading 32K pixel image into the FIFO vs burst count

Not worth using DMA bursts transfers longer than 64 words
(for the SoC being investigated in this study)
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Performance measurements

The corr2 ip always outperforms the processor-only solution 
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Performance measurements

FIFO limit
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Conclusions

• There is a gain of 5X in loading 32K

pixel images using DMA burst transfer

of 64 words instead of single cycle

transfers.

• The corr2 ip always outperforms the

processor-only solution for any image

size, including the minimum size of 4

pixels.

• The gain increases logaritmically for

image sizes between 64 and 4K pixels,

ranging from 14X to 488X respectively.

• The gain reaches 1277X for images with

size of 64K pixels, which corresponds

to the FIFO limit.

• The study presented here shows that

the use of hardware aceleration is

very interesting for image processing

algorithms such as 2D correlation.


