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Revision History

The revision history describes the changes that were implemented in the document. The changes are
listed by revision, starting with the most current publication.

Revision 4.0

The following is a summary of the changes made in this revision.

* Updated the block diagram and timing diagrams, see Figure 2, page 3, Figure 3, page 5.
. Updated the tables in Interfaces, page 4, Resource Utilization, page 11.

* Updated Testbench, page 6.

*  Updated the input and output image of simulation, see Simulation Result, page 10.

Revision 3.0

Updated the resource utilization report.

Revision 2.0

Added the steps to simulate the core using the testbench.

Revision 1.0

The first publication of this document.
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Image Edge Detection

Image Edge Detection is an image processing method for feature detection and extraction. This method
is used to identify points in a digital image where the brightness changes sharply and discontinues. The
edge detection method reduces the amount of data in an image and preserves the structural properties
for further processing. In a gray level image, the edge is a local feature with in a neighborhood separate
regions.The gray level is more or less uniform with in different values on the two sides of the edge. For a
noisy image, it is difficult to detect edges as both edge and noise contains high frequency contents, which
results in blurred and distorted images.

Microsemi offers the Image Edge Detection IP that enables designers to use the edge detection for
image processing.

The Image Edge Detection IP implements Sobel filter, which is a classical algorithm in the field of image
and video processing for the extraction of object edges. Sobel filter works on the premise of computing
an estimate of the first derivative of an image to extract the edge information. By computing the x and y
direction derivatives of a specific pixel against a neighborhood of surrounding pixels, it is possible to
extract the boundary between two distinct elements in an image. Due to the computational load of
calculating derivatives using the squaring and square root operators, fixed coefficient masks are adopted
as a suitable approximation in computing the derivative at a specific point. In the case of Sobel, the
masks used are shown in the following figure.

Sobel Operator Horizontal and Vertical Kernels

Vertical Mask Horizontal Mask

-1 0 1 1 2 1
-2 0 2 0 0 0
-1 0 1 -1 -2 1

These kernels can be combined together to find the absolute magnitude of the gradient at each point.
The gradient magnitude is computed using:

G = JGx* + Gy’

Typically an approximate magnitude is computed using:
Gl = |Gx[ + |Gyl

This is much faster to compute. The Sobel operator has the advantage of simplicity in calculation.
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Hardware Implementation

The following figure shows the Image Edge Detection block diagram.

Image Edge Detection Block Diagram

Image Edge Detection

RESETN_I
-
SYS_CLKI | —»DATA_VALID_O
DATA_VALID_I Write LSRAM | —»{  Read LSRAM | —»  Sobel Filter
—p 3x3
DATA_I Data
— Matrix —>DATA_O

4 v
3 x LSRAM

As shown in Figure 2, page 3, the Image Edge Detection IP consists of the following subsystems:

Write LSRAM

The data input to the edge detection IP is written into 3 different LSRAM. The 1st, 4th, 7th...... line of the
frame are written to LSRAM1, the 2nd, 5th, 8th ...... line of the frame are written into LSRAMZ2 and the
3rd, 6th, 9th ... line of the frame are written into LSRAM3. The LSRAM addresses and write enable
signals are generated by write LSRAM submodule.

Read LSRAM

The read submodule generates the read enable signals and the addresses to read from LSRAM. It also
has the 3x3 window logic which reads the 3x3 window from LSRAMs and feeds to the Sobel filter
interpolation block. The pixel at which the edge must be computed is placed at the center of the 3x3
window. Then the window slides right to compute the value of the next pixel in the line.

For the first line of the frame, the first row of the 3x3 window is all zeros, the second row is LSRAM1 data
and third row is LSRAM2 data. For the second line, the first row is LSRAM1 data, second row is LSRAM2
data and third row is LSRAMS3 data. For the third line, the first row is LSRAM2 data, second row is
LSRAMS3 data and third row is LSRAM1 data and so on.

Sobel Filter

The Sobel filter performs the Sobel operation (as described in section 2) on the 3x3 window data coming
from Read LSRAM block to produce the edge detected image.

Microsemi Proprietary UG0693 User Guide Revision 4.0 3



Interfaces © Microsemi

a AX\MicracHp company

4 Interfaces

This section describes the input/output ports and the configuration parameters of the Image Edge
Detection IP.

4.1 Ports

The following table lists the input and output ports.

Table 1« Input and Output Ports

Port Name Type Width Description

RESETN_I Input 1bit Active low asynchronous reset signal to design
SYS_CLK | Input 1bit System clock

DATA_VALID_|  Input 1bit Asserted high when input data is valid

DATA | Input G_DATA _WIDTH bits  Input RGB data

DATA_VALID_O Output 1bit Asserted high when output data is valid
DATA_O Output G_DATA_WIDTH bits  Provides the edge detected output

4.2 Configuration Parameters

The following table lists the configuration parameters of the Image Edge Detection IP. These are generic
parameters and can vary based on the application requirements.

Table 2 » Configuration Parameters

Name Description

G_DATA_WIDTH Width of each pixel

G_RAM_SIZE Size of the RAM to store one horizontal
line
Choose values which are powers of 2,
such as 2048, and 4096.
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5 Timing Diagram

The following figures show the timing diagram of the Image Edge Detection IP.

Figure 3+ Timing Diagram of Edge Detection Showing Valid Input and Output Data
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6 Testbench

Atestbench is provided to check the functionality of the Image Edge Detection IP. The following table lists
the parameters that can be configured according to the application.

Table 3 « Testbench Configuration Parameters

Name Description

CLKPERIOD Clock Period

HEIGHT Height of the image

WIDTH Width of the image

WAIT Amount of delay after each line of input image
DATAWIDTH Width of each pixel

IMAGE_FILE_NAME Input image name

6.1 Simulation Steps
The following steps describe how to simulate the core using the testbench.
1. On the Design Flow window, expand Create Design and open Create SmartDesign testbench as
shown in the following figure.

Figure 4+ Opening New SmartDesign TestBench

t-‘ Libero - DAIP_CORES\Image_edge_detection\Image_edge_detection.prjx
\ Project  File Edit View Design Tools Help

: —
\Design Flow Bx |

; |
I

I =

' Please select a root E 0 @'

I

i Tool =

4 b Create Design
&4 Systermn Builder
&4 Configure M55
B3 Create SmartDesign
' Create HDL

Create HDL Testbench | Run
|
4 p Verify Pre-Synthesized Design

Help

m

2. Enter a name for the SmartDesign testbench as shown in the following figure.

Figure 5+ Naming the Testbench
7] Create New SmartDesign Testbench l PR X

MName:

Edge_detection_th|
[¥] set as Active Stimulus

o) [
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3. Go to the Catalog tab and expand Solutions-Video. After that, drag the Image Edge Detection IP to
the testbench canvas. The Image Edge Detection IP is highlighted in the following figure.

Figure 6 » IP Location

MName Version
> Arithmetic

> Bus Interfaces

> Clock & Management
> DSP

» /O

» Macro Library

» Memaory & Controllers
> Peripherals

» PolarFire Features
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m

&= Alpha Blending 200
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I &= Image Edge Detection 300 I
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&= Image Enhancement 200

4. After dragging the IP to the testbench canvas, the IP appears as shown in the following figure.
Figure 7 + Instantiation of the IP

Image_Edge_Detection_0

RESETN_I
5Y5_CLK I DATA_VALID_O
DATA_VALID_I DATA_O[7:0]
DATA_I[7:0]

Image Edge Detection
5. Select all of the ports and promote them to top level using the Promote to Top Level option, as

shown in the following figure.
Figure 8 » Promote the Ports to Top Level

Image_Edge Detection_0

17:0] | Bl Connect

DATA

== Disconnect

ImaQE_Edge_DEtE( Promote to Top Level

Highlight »
Create Slices

Edit Slices...

Clear Attribute
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6. The ports are promoted to the top level, as shown in the following figure.
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Figure 9« Ports Promoted to Top-level
Image_Edge_Detection_0
e -
RESETM_I [ ~—RESETN_I
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% F
Image_Edge_ Detection
7. Click Generate Component to generate the testbench component. Generate Component is
highlighted in the following figure.

Figure 10 + Generate Component Button

Reports & X | Q Edge_detection_tb* & X |
— = —~ D o W
v B P = .ﬂ =D o | p® BP

8. Go to the Files tab and select simulation > Import Files as shown in the following figure.
Figure 11« The Import Files Option

Files & X

L] comgonent
[ constraint
[ designes
] hdl

=] smartgen
[T stimulus

[ symthesis
[ tooldata

e

Impaort Files... |

Impesrt Folders...

9. Import the RGB file from the following path:
..\<Project name>\component\Microsemi\SolutionCore\
Image Edge Detection\3.0.0\Stimulus

The imported file is listed under simulation as shown in Figure 12, page 8.

Figure 12 « Imported File

Files

| component
> [] constraint
> [ designer
+ [ hdl
4 [ simulation
| [& RGB_intxt l
[} smartgen
7 stimulus
> [[] synthesis
» [] tooldata
> [ viewdraw

Note: To import a different file, browse the folder that contains the required file, and click Open.

10. Go to the Stimulus Hierarchy tab and select edge_detection_test (edge_detection_tb.v) >

Simulate Pre-Synth Design > Open Interactively. The core is simulated for one frame.
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11. ModelSim opens with the testbench file as shown in the following figure.

Figure 14 » ModelSim Simulation Window

] 104c e L . I - .. oo

File Edit View Compile Simulate Add Transcript Tools Layout Bookmarks Window Help
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_edge

Hd x|
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nstance
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|2 done_processing
|- 2 fnal_one

5 R2Y_Converter 0
+ of Edge_Detection_0
5l YR Converter D
F@ smmaLeier
|-@ smmeLz1ss
|-@ smmeaLz203
@ smmeaLzse
@ snmazr
|2 smmeLz290
@ smeaLss
@ smmaLesss
@ smmeaLsss2
@ smvmaLsss
@ smmaLzess
@ smmaLssss
LQ smmaLzsss
|£¢ #vsim_capacity =

“

- o read_image_delay_after_each }
- o read_image_delay_after_cach |

Library | B8 Memory List - | & sim

end
[ enduask

Brocess to write the oucput RSB iato a memory

initial
begin

File 1 =
forever

n("Edge_Detected_out.TxL", "wb"):

@(posedge Clock)
begin
if (detaValidouc_y2r)

,Blue_out) ;

(=]

CI

~[aalvaes [aalWevez [gaVieves | ® Inage cge Detection by

e

Fd Transaript

[* tomaiiy presyan.sooe

# Loading presynth.YCBCr2RGB

i
3 2o

IMAGE EDGE DETECTION IP SIMULATION SIARTED <esess

# % Warning: (vaim-BLI-3407) Too many data words read on line 192005 of file
1.0.1/5timulus/ Inage_Edge_Detection_tb.v(169)
0 fs Iteration: 0 Instance: /edge_detection test

"RGB_in.txt". (Carrent address [192004], address range [0:192003]) @ D:/IP_CORES/Tmage_edge detection/ ¥

S35y

IMAGE LGRDED <eexses

35535353

PROCESSING OF IMAGE STARTED <ecees

SIM 2> run -211

Serrrery

SIMULATION COMPLETED <esess

#% Note: $finish

Jvsim 3>

Time: 652775 ns Iteration: 1 Instance: /edge_detection_test

o
Break in Task final_one at D:/IP_CORES/Image_edge_detection/component/Microseni/SolutionCore/ImageEdgeDetection/1.0.1/Stimlus/Inage_Edge_Detection tb.v line 408

: D:/IP_CORES/Image_edge_detection/

1.0.1/Stimulus/Tmage_Edge Detection tb.v(408)

If the simulation is interrupted due to the runtime limit specified in the DO file, use the run -all
command to complete the simulation.

The testbench output image file appears in the Files/simulation folder after the simulation
completes.
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7 Simulation Result

This section shows an image before and after being processed using the Image Edge Detection IP.
The following figure shows the input image.

Figure 15+ Input Image
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8 Resource Utilization

Image Edge Detection is implemented on the SmartFusion®2 system-on-chip (SoC) field programmable
gate array (FPGA) device (M2S150T-1152 FC package) and PolarFire® FPGA (MPF300TS- 1FCG1152E
package). The following figure shows the resource utilization report after synthesis.

Table 4 Resource Utilization on PolarFire'

Resource Usage
DFFs 384
4LUTs 671
LSRAM 3
MACC 0

1. For G_DATA_WIDTH = 8 and
G_RAM_SIZE = 2048.

Table 5 Resource Utilization on SmartFusion2'

Resource Usage
DFFs 400
4LUTs 713
RAM1K18 3
RAM64x18 0
MACC 0

1. For G_DATA_WIDTH = 8 and
G_RAM_SIZE = 2048,
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