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1 Streaming Pixel Inferface

Streaming Pixel Interface

In this section...

“What Is a Streaming Pixel Interface?” on page 1-2

“How Does a Streaming Pixel Interface Work?” on page 1-2

“Why Use a Streaming Pixel Interface?” on page 1-3

“Pixel Stream Conversion Using Blocks and System Objects” on page 1-4

“Timing Diagram of Serial Pixel Interface” on page 1-6

What Is a Streaming Pixel Interface?

In hardware, processing an entire frame of video at one time has a high cost in memory
and area. To save resources, serial processing is preferable in HDL designs. Vision HDL
Toolbox blocks and System objects operate on a pixel, line, or neighborhood rather than
a frame. The blocks and objects accept and generate video data as a serial stream of
pixel data and control signals. The control signals indicate the relative location of each
pixel within the image or video frame. The protocol mimics the timing of a video system,
including inactive intervals between frames. Each block or object operates without full
knowledge of the image format, and can tolerate imperfect timing of lines and frames.

How Does a Streaming Pixel Interface Work?

Video capture systems scan video signals from left to right and from top to bottom. As
these systems scan, they generate inactive intervals between lines and frames of active
video.

The horizontal blanking interval is made up of the inactive cycles between the end of

one line and the beginning of the next line. This interval is often split into two parts: the
front porch and the back porch. These terms come from the synchronize pulse between
lines in analog video waveforms. The front porch is the number of samples between the
end of the active line and the synchronize pulse. The back porch is the number of samples
between the synchronize pulse and the start of the active line.

The vertical blanking interval is made up of the inactive cycles between the ending active
line of one frame and the starting active line of the next frame.
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Streaming Pixel Interface

The scanning pattern requires start and end signals for both horizontal and vertical
directions. The Vision HDL Toolbox streaming pixel protocol includes the blanking
intervals, and allows you to configure the size of the active and inactive frame.

Total pixels per line

-

Starting active line j

Back
Porch

Total video lines

Active video lines

A

Active pixels per line

Active
Video

Y

Front
Porch

Ending aﬂivelineJ

Why Use a Streaming Pixel Interface?

Format Independence

The blocks and objects using this interface do not need a configuration option for the
exact image size or the size of the inactive regions. In addition, if you change the image
format for your design, you do not need to update each block or object. Instead, update
the image parameters once at the serialization step. Some blocks and objects still require

a line buffer size parameter to allocate memory resources.

By isolating the image format details, you can develop a design using a small image for
faster simulation. Then once the design is correct, update to the actual image size.
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Error Tolerance

Video can come from various sources such as cameras, tape storage, digital storage, or
switching and insertion gear. These sources can introduce timing problems. Human
vision cannot detect small variance in video signals, so the timing for a video system does
not need to be perfect. Therefore, video processing blocks must tolerate variable timing of
lines and frames.

By using a streaming pixel interface with control signals, each Vision HDL Toolbox block
or object starts computation on a fresh segment of pixels at the start-of-line or start-of-
frame signal. The computation occurs whether or not the block or object receives the end
signal for the previous segment.

The protocol tolerates minor timing errors. If the number of valid and invalid cycles
between start signals varies, the blocks or objects continue to operate correctly. Some
Vision HDL Toolbox blocks and objects require minimum horizontal blanking regions to
accommodate memory buffer operations.

Pixel Stream Conversion Using Blocks and System Objects

In Simulink®, use the Frame To Pixels block to convert framed video data to a stream
of pixels and control signals that conform to this protocol. The control signals are grouped
in a nonvirtual bus data type called pixelcontrol.

In MATLAB®, use the visionhdl.FrameToPixels object to convert framed video data to a
stream of pixels and control signals that conform to this protocol. The control signals are
grouped in a structure data type.

If your data is already in a serial format, design your own logic to generate these control
signals from your existing serial control scheme.

Supported Pixel Data Types

Vision HDL Toolbox blocks and objects include ports or arguments for streaming pixel
data. The blocks and objects capture one pixel at a time from the input, and produce one
pixel at a time for output. Each block and object supports one or more pixel formats. The
supported formats vary depending on the operation the block or object performs. This
table details common video formats supported by Vision HDL Toolbox.
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Type of Video | Pixel Format

Binary Each pixel is represented by a single boolean or logical value. Used
for true black-and-white video.

Grayscale Each pixel is represented by luma, which is the gamma-corrected
luminance value. This pixel is a single unsigned integer or fixed-point
value.

Color Each pixel has multiple unsigned integer or fixed-point values

representing the color components of the pixel. Vision HDL Toolbox
blocks and objects use gamma-corrected color spaces, such as R'G'B'
and Y'CbCr.

Vision HDL Toolbox blocks have an input or output port, pixel, for the pixel data.
Vision HDL Toolbox System objects expect or return an argument to the step method
representing the pixel data. The following table describes the format of the pixel data.

Port or Argument |Description Data Type
pixel Scalar that represents binary or grayscale Supported data types can
pixel value, or a vector of three values include:

representing color values. )
+ boolean or logical

* uintor int
+ fixdtQ
double and single data types

are supported for simulation but
not for HDL code generation.

Streaming Pixel Control Signals
Vision HDL Toolbox blocks and objects include ports or arguments for control signals
relating to each pixel. These five control signals indicate the validity of a pixel and its

location in the frame.

In Simulink, the control signal port is a nonvirtual bus data type called pixelcontrol.
For details of the bus data type, see “Pixel Control Bus” on page 1-8.

In MATLAB, the control signal argument is a structure. For details of the structure data
type, see “Pixel Control Structure” on page 1-9.
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Timing Diagram of Serial Pixel Interface

To illustrate the streaming pixel protocol, this example converts a frame to a sequence of
control and data signals. Consider a 2-by-3 pixel image. To model the blanking intervals,
configure the serialized image to include inactive pixels in these areas around the active

image:

* 1-pixel-wide back porch

+ 2-pixel-wide front porch

* 1 line before the first active line

* 1 line after the last active line

You can configure the dimensions of the active and inactive regions with the Frame To
Pixels block or FrameToPixels object.

In the figure, the active image area is in the dashed rectangle, and the inactive pixels
surround it. The pixels are labeled with their grayscale values.

The block or object serializes the image from left to right, one line at a time. The timing
diagram shows the control signals and pixel data that correspond to this image. The
diagram shows the serial output of the Frame To Pixels block for this frame.
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Streaming Pixel Interface

For an example using the Frame to Pixels block to serialize an image, see “Design Video
Processing Algorithms for HDL in Simulink”.

For an example using the FrameToPixels object to serialize an image, see “Design
Video Processing Algorithms for HDL in MATLAB”.

See Also

visionhdl.FrameToPixels | visionhdl.PixelsToFrame | Frame To Pixels | Pixels To
Frame
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Pixel Control Bus

Vision HDL Toolbox blocks use a nonvirtual bus data type, pixelcontrol, for control
signals associated with serial pixel data. The bus contains 5 boolean signals indicating
the validity of a pixel and its location within a frame. You can easily connect the data
and control output of one block to the input of another, because Vision HDL Toolbox
blocks use this bus for input and output. To convert an image into a pixel stream and a
pixelcontrol bus, use the Frame to Pixels block.

Signal Description Data Type

hStart true for the first pixel in a horizontal line of |boolean
a frame

hEnd true for the last pixel in a horizontal line of a|boolean
frame

vStart true for the first pixel in the first (top) line of [boolean
a frame

VENnd true for the last pixel in the last (bottom) boolean
line of a frame

valid true for any valid pixel boolean

See Also

Frame To Pixels | pixelcontrolbus | Pixels To Frame

More About

. “Streaming Pixel Interface” on page 1-2
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Pixel Control Structure

Vision HDL Toolbox System objects use a structure data type for control signals
associated with serial pixel data. The structure contains five logical signals indicating
the validity of a pixel and its location within a frame. You can easily connect the data and
control output of a step method to the input of another step method, because Vision
HDL Toolbox objects use this structure for input and output. To convert an image into a
pixel stream and control signals, use the FrameToPixels object.

Signal Description Data Type
hStart true for the first pixel in a horizontal line of |logical
a frame
hEnd true for the last pixel in a horizontal line of a | logical
frame
vStart true for the first pixel in the first (top) line of | logical
a frame
VENnd true for the last pixel in the last (bottom) logical
line of a frame
valid true for any valid pixel logical
See Also
visionhdl.FrameToPixels | visionhdl.PixelsToFrame | pixelcontrolsignals |
pixelcontrolstruct
More About
. “Streaming Pixel Interface” on page 1-2
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2 Algorithms

Edge Padding

2-2

To perform a kernel-based operation such as filtering on a pixel at the edge of a frame,
Vision HDL Toolbox algorithms pad the edges of the frame with extra pixels. These
padding pixels are used for internal calculation only. The output frame has the same
dimensions as the input frame. The padding operation assigns a pattern of pixel values
to the inactive pixels around a frame. Vision HDL Toolbox algorithms provide padding by
constant value, replication, or symmetry. Some blocks and System objects enable you to
select from these padding methods.

The diagrams show the top-left corner of a frame, with padding added to accommodate

a 5 X 5 filter kernel. When computing the filtered value for the top-left active pixel, the
algorithm requires two rows and two columns of padding. The edge of the active image is
indicated by the double line.

+ Constant — Each added pixel is assigned the same value. On some blocks and
System objects you can specify the constant value. The value O, representing black,
1s a reserved value in some video standards. It is common to choose a small number,
such as 16, as a near-black padding value.

In the diagram, C represents the constant value assigned to the inactive pixels
around the active frame.

C Cc | 120 | 150 | 180




Edge Padding

Replicate — The pixel values at the edge of the active frame are repeated to make
rows and columns of padding pixels.

The diagram shows the pattern of replicated values assigned to the inactive pixels
around the active frame.

120 | 120 120 | 150 | 180

Symmetric — The padding pixels are added such that they mirror the edge of the
image.

The diagram shows the pattern of symmetric values assigned to the inactive pixels

around the active frame. The pixel values are symmetric about the edge of the image
in both dimensions.
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150 | 120 | 120 | 150 | 180

150 | 120 | 120 | 150 | 180

Padding requires minimum horizontal and vertical blanking periods. This interval gives
the algorithm time to add and store the extra pixels. The blanking period, or inactive
pixel region, must be at least kernel size pixels in each dimension.

See Also

visionhdl.ImageFilter | Image Filter

More About

“Streaming Pixel Interface” on page 1-2
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3 Best Practices

Accelerate a MATLAB Design With MATLAB Coder

3-2

Vision HDL Toolbox designs in MATLAB must call the step method of one or more
System objects for every pixel. This serial processing is efficient in hardware, but is slow
in simulation. One way to accelerate simulations of these objects is to simulate using
generated C code rather than the MATLAB interpreted language.

Code generation accelerates simulation by locking down the sizes and data types of
variables inside the function. This process removes the overhead of the interpreted
language checking for size and data type in every line of code. You can compile a video
processing algorithm and test bench into MEX functions, and use the resulting MEX file
to speed up the simulation.

To generate C code, you must have a MATLAB Coder™ license.

See “Accelerate a Pixel-Streaming Design Using MATLAB Coder”.
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HDL Code Generation from Vision HDL Toolbox

4-2

In this section...

“What Is HDL Code Generation?” on page 4-2
“HDL Code Generation Support in Vision HDL Toolbox” on page 4-2
“Streaming Pixel Interface in HDL” on page 4-2

What Is HDL Code Generation?

You can use MATLAB and Simulink for rapid prototyping of hardware designs. Vision
HDL Toolbox blocks and System objects, when used with HDL Coder™, provide support
for HDL code generation. HDL Coder tools generate target-independent synthesizable
Verilog and VHDL code for FPGA programming or ASIC prototyping and design.

HDL Code Generation Support in Vision HDL Toolbox

All blocks and objects in Vision HDL Toolbox, except for those used for frame-to-pixels
and pixels-to-frame conversion, support HDL code generation.

Streaming Pixel Interface in HDL

The streaming pixel bus and structure data type used by Vision HDL Toolbox blocks and
System objects is flattened into separate signals in HDL.

In VHDL, the interface is declared as:

PORT( clk : IN std_logic;
reset : IN std_logic;
enb : IN std_logic;
in0 : IN std_logic_vector(7 DOWNTO 0); -- uint8
inl_hStart : IN std_logic;
inl_hEnd : IN std_logic;
inl_vStart : IN std_logic;
inl_vEnd : IN std_logic;
inl_valid : IN std_logic;
outO : OUT  std_logic_vector(7 DOWNTO 0); -- uint8
outl hStart : OUT  std_logic;
outl hEnd : OUT  std_logic;
outl_vStart : OUT  std_logic;



HDL Code Generation from Vision HDL Toolbox

outl vEnd OUT  std_logic
outl valid OUT  std_logic
):
In Verilog, the interface is declared as:

input clk;

input reset;

input enb;

input [7:0] inO; // uint8

input inl_hStart;

input inl_hEnd;

input inl_vStart;

input inl_vEnd;

input inl_valid;

output [7:0] outO; // uint8

output outl_hStart;

output outl_hEnd;

output outl_vStart;

output outl_vEnd;

output outl_valid;
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Blocks and System Objects Supporting HDL Code Generation

4-4

All blocks and objects in Vision HDL Toolbox, except for Frame To Pixels and Pixels To
Frame conversions, are supported for HDL code generation. This page helps you find

blocks and objects supported for HDL code generation in other MathWorks® products.

Blocks

You can find libraries of blocks supported for HDL code generation in the Simulink
library browser. Find Simulink blocks that support HDL code generation, in the ‘HDL
Coder' library. You can also type hdlsllib at the MATLAB command prompt to open
this library.

Create a library of HDL-supported blocks from all products you have installed, by typing
hdllib at the MATLAB command line. This command requires an HDL Coder license.
For more information on this command, see hdl'1ib in the HDL Coder documentation.

Refer to the “Supported Blocks” pages in HDL Coder documentation for block
implementations, properties, and restrictions for HDL code generation.

System Objects

To find System objects supported for HDL code generation, see Predefined System
Objects in the HDL Coder documentation.
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Generate HDL Code From Simulink

Introduction

This example shows you how to generate HDL code from the design described in “Design
Video Processing Algorithms for HDL in Simulink”. This example generates HDL code
from the HDL Algorithm block in the model.

To generate HDL code, you must have an HDL Coder license.

Prepare Model

Run hdlsetup to configure the model for HDL code generation. If you started your
design using the Vision HDL Toolbox Simulink model template, your model is already
configured for HDL code generation.

Generate HDL Code

Right-click the HDL Algorithm block, and select HDL Code > Generate HDL from
subsystem to generate HDL using the default settings. The output of this operation is
shown in the MATLAB Command Window.

HHH
HHH
HHH
HHH
HHH
HHH
HHH
HHH
HHH
HHH
HHH
HHH
HHH
HHH
HHH
HHH
HHH
HHH

Generating HDL for "template_hdlcodegen/HDL Algorithm®.
Starting HDL check.
Begin VHDL Code Generation for “template_hdlcodegen®.

Working
Working
Working
Working
Working
Working
Working
Working
Working
Working
Working
Working
Working
Working
Working

on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL

Algorithm/Image
Algorithm/Image
Algorithm/Image
Algorithm/Image
Algorithm/Image
Algorithm/Image
Algorithm/Image
Algorithm/Image
Algorithm/Image
Algorithm/Image
Algorithm/Image
Algorithm/Image
Algorithm/Image
Algorithm/Image
Algorithm/Image

Filter/LineBuffer/FIFOHandlerFSI
Filter/LineBuffer/dataReadFSM a:
Filter/LineBuffer/dataWriteFSM :
Filter/LineBuffer/lineSpaceAvers:
Filter/LineBuffer/DataMemory/Pus
Filter/LineBuffer/DataMemory/FIlI
Filter/LineBuffer/DataMemory/FII
Filter/LineBuffer/DataMemory/FIlI
Filter/LineBuffer/DataMemory/FII
Filter/LineBuffer/DataMemory/FII
Filter/LineBuffer/DataMemory/FIlI
Filter/LineBuffer/DataMemory/FII
Filter/LineBuffer/DataMemory/FIlI
Filter/LineBuffer/DataMemory/ady
Filter/LineBuffer/DataMemory/isl

4-5



4 Protfotyping
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Working
Working
Working
Working
Working
Working
Working
Working
Working
Working
Working

on
on
on
on
on
on
on
on
on
on
on

Generating

template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL
template_hdlcodegen/HDL

Algorithm/Image
Algorithm/Image
Algorithm/Image
Algorithm/Image
Algorithm/Image
Algorithm/Image
Algorithm/Image
Algorithm/Image
Algorithm/Image
Algorithm/Image

Filter/LineBuffer/DataMemory/un/
Filter/LineBuffer/DataMemory as
Filter/LineBuffer/controlCache :
Filter/LineBuffer/validPipeline
Filter/LineBuffer/horizontalPadc
Filter/LineBuffer/horizontalMux
Filter/LineBuffer/verticalMux a:
Filter/LineBuffer as hdl_prj\hd!
Filter/FIR2DKernel as hdl_prj\h
Filter as hdl_prj\hdlsrc\templa

Algorithm as hdl_prj\hdlsrc\template_ hdlcodegen'
package file hdl_prj\hdlsrc\template_hdlcodegen\HDL_Algorithm_pkg.vhd.
Creating HDL Code Generation Check Report HDL_Algorithm_report._html

HDL check for "template_hdlcodegen® complete with O errors, O warnings, and O mess:
HDL code generation complete.

To change code generation options, or to select a target device or synthesis tool, right-
click on the HDL Algorithm block, and select HDL Code > HDL Workflow Advisor.

Related Examples
“Generate Code Using the HDL Workflow Advisor”
“Generate HDL Code Using the Command Line”
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Generate HDL Code From MATLAB

This example show you how to generate HDL code from the design in “Design Video
Processing Algorithms for HDL in MATLAB”.

To generate HDL code, you must have an HDL Coder license.

Create an HDL Coder Project

Copy the relevant files to a temporary folder.

functionName = "HDLTargetedDesign”;

tbName = "VisionHDLMATLABTutorialExample®;

vhtExampleDir = fullfile(matlabroot, "examples®, “visionhdl®);
workDir = [tempdir “vht_matlabhdl_ex"];

cd(tempdir);

[~, ~, ~1 = rmdir(workDir, "s%);
mkdir(workDir);

cd(workDir);

copyfile(fullfile(vhtExampleDir, [functionName,®.m*"]), workDir);
copyfile(fullfile(vhtExampleDir, [tbName,".m*"]), workDir);

Open the HDL Coder app and create a new project.
coder -hdlcoder -new vht_matlabhdl_ex

In the HDL Code Generation pane, add the function file HDLTargetedDesign.m and
the test bench file VisionHDLMATLABTutorialExample.m to the project.

Click next to the signal names under MATLAB Function to define the data types for

the input and output signals of the function. The control signals are logical scalars.
The pixel data type is uint8. The pixel input is a scalar.

Generate HDL Code

1 Click Workflow Advisor to open the advisor.
2 Click HDL Code Generation to view the HDL code generation options.
3 On the Target tab, set Language to Verilog or VHDL.

4-7
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4-8

4  Also on the Target tab, select Generate HDL and Generate HDL test bench.

5 On the Coding Style tab, select Include MATLAB source code as comments

and Generate report to generate a code generation report with comments and
traceability links.

6 Click Run to generate the HDL design and the test bench with reports.

Examine the log window and click the links to view the generated code and the reports.

Related Examples
. “Getting Started with MATLAB to HDL Workflow”

. “Generate HDL Code from MATLAB Code Using the Command Line Interface”
. “HDL Code Generation for System Objects”
. “Pixel-Streaming Design in MATLAB”



HDL Cosimulation

HDL Cosimulation

HDL cosimulation links an HDL simulator with MATLAB or Simulink. This
communication link enables integrated verification of the HDL implementation against
the design. To perform this integration, you need an HDL Verifier™ license. HDL
Verifier cosimulation tools enable you to:

+ Use MATLAB or Simulink to create test signals and software test benches for HDL
code

+ Use MATLAB or Simulink to provide a behavioral model for an HDL simulation

Use MATLAB analysis and visualization capabilities for real-time insight into an
HDL implementation

*  Use Simulink to translate legacy HDL descriptions into system-level views

More About

. “HDL Cosimulation”

4-9
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FPGA-in-the-Loop

FPGA-in-the-loop (FIL) enables you to run a Simulink or MATLAB simulation that is
synchronized with an HDL design running on an Altera® or Xilinx® FPGA board. This
link between the simulator and the board enables you to verify HDL implementations
directly against Simulink or MATLABalgorithms. You can apply real-world data and test
scenarios from these algorithms to the HDL design on the FPGA.

Vision HDL Toolbox provides the FIL Frame To Pixels and FIL Pixels To Frame
blocks to accelerate communication between Simulink and the FPGA board. In MATLAB,
you can modify the generated code to speed up communication with the FPGA board.

In this section...
“FIL In Simulink” on page 4-10
“FIL In MATLAB” on page 4-12

FIL In Simulink
Autogenerated FIL Model

When you generate a programming file for a FIL target in Simulink, the tool creates

a model to compare the FIL simulation with your Simulink design. For Vision HDL
Toolbox designs, the FIL block in that model replicates the pixel-streaming interface and
sends one pixel at a time to the FPGA.

pixel — pixelln pixeiCut —| picel frame n
rhings.avi I frameFrame To Pixels Pixels To Frame
V: 240%320, 0.0 fps = In1
ctrl - ctrln ctriOut - citrl validOut =

Video Source

Frame To Pixels ToFILSrc HD L Algorithm ToF ILSink Pzl ToFrame
HDL Video Viewer

with Enable

= 1)
pixelln pixel Qut

|—. cirlin_h Start ctrl Out_hStart

| cirlin_hEnd ctrlOut_hEnd

>
o
= >
cirlln_vStart ) cirlOut_vStart
FromFILSrc Compare
| cirlin_vEnd cirlOut_vEnd
cirlin_valid ctrlCut_valid
2 i}

HDL Algar ithm_fil
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The blue ToFILSrc subsystem branches the pixel-stream input of the HDL Algorithm
block to the FromFILSrc subsystem. The blue ToFILSink subsystem branches the
pixel-stream output of the HDL Algorithm block into the Compare subsystem, where
it is compared with the output of the HDL Algorithm_fil block. For image and video
processing, this setup is slow because the model sends only a single pixel, and its
associated control signals, in each packet to and from the FPGA board.

Modified FIL Model for Pixel Streaming

To improve the communication bandwidth with the FPGA board, you can modify the
autogenerated model. The modified model uses the FIL Frame To Pixels and FIL Pixels
To Frame blocks to sending one frame at a time.

HDL Algarithm

1 Remove the blue subsystems, and create a branch at the full-frame input of the
Frame To Pixels block.

2 Insert the FIL Frame To Pixels block before the HDL Algorithm_fil block. Insert the
FIL Pixels To Frame block after the HDL Algorithm_fil block.

3 Branch the full-frame output of the Pixels To Frame block for comparison. You can
compare the entire frame at once with a Diff block. Compare the val idOut signals
using an XOR block.

4 In the FIL Frame To Pixels and FIL Pixels To Frame blocks, set the Video format
parameter to match the video format of the Frame To Pixels and Pixels To Frame
blocks.

5 Select the Vector size in the FIL Frame To Pixels and FIL Pixels To Frame blocks
as Frame or Line. The size of the FIL Frame To Pixels vector output must match the
size of the FIL Pixels To Frame vector input. The vector size of the interfaces of the
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FIL block does not modify the generated HDL code. It affects only the packet size of
the communication between the simulator and the FPGA board.

This modified model sends an entire frame to the FPGA board in each packet,
significantly improving the efficiency of the communication link.

FIL In MATLAB

Autogenerated FIL Function

When you generate a programming file for a FIL target in MATLAB, the tool creates a
test bench to compare the FIL simulation with your MATLAB design. For Vision HDL
Toolbox designs, the name_Fil function in the test bench replicates the pixel-streaming
interface and sends one pixel at a time to the FPGA.

This code snippet is from the generated test bench name_tb_Ffil_m. The code calls the
generated name_Fil function once for each pixel in a frame.

for p = 1:numPixPerFrm
[hStartin,hEndIn,vStartin,vEndIn,validlin] = pixelcontrolsignals(ctrlin(p));
[pix0Out(p),hStartOut,hEndOut,vStartOut,vEndOut,validOut] = visionhdlgamma_design_fili
pixIn(p),hStartin,hEndIn,vStartin,vEndIn,validln);
ctriout(p) = pixelcontrolstruct(hStartOut,hEndOut,vStartOut,vEndOut,validOut);
end

The generated name_Fil function calls your HDL-targeted function. It also calls the
namesysobj_TFil function, which contains a System object™ that connects to the
FPGA. name_fFil compares the output of the two functions to verify the that FPGA
implementation matches the original MATLAB results. This snippet is from the file
name_Fil._m.

% Call the original MATLAB function to get reference signal
[ref_pixOut,ref_hStartOut,ref_hEndOut,ref vStartOut,ref vEndOut,ref _validOut] = ...
visionhdlgamma_design(pixln,hStartin,hEndIn,vStartin,vEndIn,validln);

% Run FPGA-in-the-loop
[pixOut,hStartOut,hEndOut,vStartOut,vEndOut,validOut] = ...
visionhdlgamma_design_sysobj_ fil(pixIn,hStartln,hEndIn,vStartin,vEndln,valid

% Convert output signals
hStartOut = logical(hStartOut);
hEndOut = logical (hEndOut);
vStartOut = logical(vStartOut);
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FPGA-in-the-Loop

VvEndOut = logical (vEndOut);
validOut = logical(validOut);

% Verify the FPGA-in-the-loop output against the reference

hdlverifier.
hdlverifier.
hdlverifier.
hdlverifier.
hdlverifier.
hdlverifier.

assert(pixOut,ref _pixOut, "pixOut™);
assert(hStartOut,ref_hStartOut, "hStartOut®);
assert(hEndOut, ref_hEndOut, "hEndOut®);
assert(vStartOut,ref_vStartOut, "vStartOut™);
assert(vEndOut, ref_vEndOut, "VvEndOut®);
assert(validOut,ref_validOut, "validOut®);

For image and video processing, this setup is slow because the function sends only one
pixel, and its associated control signals to and from the FPGA board at a time.

Modified FIL Test Bench for Pixel Streaming

To improve the communication bandwidth with the FPGA board, you can modify the
autogenerated test bench, name_tb_TFil_m. The modified test bench calls the FIL
System object directly, with one frame at a time.

Declare an instance of the class_name_sysobj System object. Preallocate vectors for
the input pixel data and control signals.

fil = class_visionhdlgamma_design_sysobj ;

hStartln

hEndIn

vStartin

vEndIn
validl

n

true(numPixPerFrm,1);
true(numPixPerFrm,1);
true(numPixPerFrm,1);
true(numPixPerFrm,1);
true(numPixPerFrm,1);

Comment out the loop over the pixels in the frame, as well as the call to the pix2frm

object.

for p
[hsS
[pi

ctr
end
FrmOu

= l:numPixPerFrm

tartin(p),hEndIn(p),vStartin(p),vEndIn(p),validin(p)] = pixelcontrolsignals
xout(p),hStartOut,hEndOut,vStartOut,vEndOut,validOut] =.
visionhdlgamma_design_fil (pixIn(p),hStartin(p),hEndin(p), vStartIn(p) VENndIn(
10ut(p) = pixelcontrolstruct(hStartOut,hEndOut,vStartOut,vEndOut,validOut);

t = step(pix2frm,pixOut,ctriOut);

Call the step method of the class_name_sysobj object with vectors containing
the whole frame of data pixels and control signals. Pass each control signal to step
separately, as a vector of logical values. After this step call, recombine the control
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signal vectors into a vector of structures. Convert the vector data back to a matrix
representing the active frame using the pix2frm object.

[fil_pixOut,fil_hStartOut,fil_hEndOut, fil_vStartOut,fil_vEndOut,fil_validOut] = ...
step(fil,pixIn,[ctriIn_hStart] ", [ctriIn_hEnd] ", [ctriIn.vStart]*,[ctrilIn.vEnd]", [ctl

fil_ctriOut = arrayfun(@(hStart,hEnd,vStart,vEnd,valid) ...
struct("hStart”,hStart, "hEnd" ,hEnd, "vStart®,vStart, "vEnd",vEnd, "valid®,valid),
Ffil_hStartOut, fil_hEndOut, fil_vStartOut,fil_vEndOut,fil_validOut);

frmOut_Ffil = step(pix2frm,Ffil_pixOut,fil_ctriOut);

These code changes remove the pixel-by-pixel verification of the FIL results against the
MATLAB results. Optionally, you can add a frame-by-frame comparison of the results.
Calling the original pixel-by-pixel function for a reference slows down the FIL simulation.
Leave the pixel loop intact, but instead of calling name_T¥il, call the original name
function.

for p = 1l:numPixPerFrm
[hStartin,hEndIn,vStartln,vEndIn,validin] = pixelcontrolsignals(ctriiIn(p));
[ref_pixOut(p),hStartOut,hEndOut,vStartOut,vEndOut,validOut] = visionhdlgamma_desig!
pixIn(p),hStartin,hEndIn,vStartin,vEndin,validln);
ref_ctriOut(p) = pixelcontrolstruct(hStartOut,hEndOut,vStartOut,vEndOut,validOut);
end
After the call to the class_name_sysobj object, compare the two output vectors.

hdlverifier._assert(Fil_pix0Out,ref_pixOut, "pix0Out”);
hdlverifier._assert(fil_ctriOut,ref_ctriOut, "ctriOut®);

This modified test bench sends an entire frame to the FPGA board in each packet,
significantly improving the efficiency of the communication link.

More About
. “FPGA Verification”



