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latest version of the relevant information to establish, before ordering, that the 
information being relied upon is current.

Type Conventions Used in This Document

Convention Meaning or Use

Bold Items in the user interface that you select or click. Text that you type 
into the user interface.

<Italic> Variables in commands, code syntax, and path names.

Ctrl+L Press the two keys at the same time.

Courier Code examples. Messages, reports, and prompts from the software.

... Omitted material in a line of code.

.

.

.

Omitted lines in code and report examples.

[ ] Optional items in syntax descriptions. In bus specifications, the 
brackets are required.

( ) Grouped items in syntax descriptions.

{ } Repeatable items in syntax descriptions.

| A choice between items in syntax descriptions.
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DSP: Using Upsampling 
and Downsampling for 
Color Space Conversion

This tutorial demonstrates the use of the Upsample and Downsample blocks 
in the ispLeverDSP blockset for MATLAB/Simulink.

Learning Objectives
When you have completed this tutorial, you should be able to do the following:

Serialize data using the Downsample block

Convert serial data to parallel form using the Upsample block

Compare converted data to the original to insure that the conversion was 
successful

Create and use subsystems

Parameterize subsystems

Use libraries to simplify design reuse

Time to Complete This Tutorial
The time to complete this tutorial is about 45 minutes.
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System Requirements
One of the following software configurations is required to complete this 
tutorial:

ispLEVER software with latest ispLeverDSP MATLAB/Simulink blockset 
installed.

Active license for the MathWorks MATLAB/Simulink software.

Accessing Online Help
You can find online help information on any block used in this tutorial by 
pressing the Help button in the block mask.

To access the ispLeverDSP Help, you need manually copy help files from 
ispLEVER directory into MATLAB directory as follows:

1. Browse to the <ispLEVER_install_path>\ispLeverDSP directory.

2. Highlight and copy the help folder.

3. Inside the MATLAB directory, paste the help folder on top of the existing 
help folder.

4. In the Confirm Folder Replace dialog box, choose Yes to All.

About the Tutorial Design
It is assumed that you are familiar with ispLeverDSP and MATLAB/Simulink.

Prerequisites
Before beginning the tutorial, you must have the MATLAB/Simulink software 
already installed. To install the software, follow the installation instructions 
that accompany the MATLAB/Simulink software and the ispLEVER software.

You should be familiar with the FPGA design process before beginning the 
tutorial. To learn about the FPGA design process, see the FPGA Design Flow 
section of the ispLEVER online Help.

Model Examples
The tutorial uses the files in the following directory: 

<ispLEVER_install_path>\ispLeverDSP\examples\csc_tutorial

The tutorial uses the following files:

ColorSpaceConverter_tutorial.mdl

ColorSpaceConversion_lib.mdl

ColorSpaceConverter_Load.m
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ColorSpaceConverter_Plot.m

These files along with an image file should be available in the same directory 
to run this design.

Task 1: Open the Example File
We now start the tutorial by opening the example model file.

1. Start the MATLAB software, using the instructions in the Mathworks 
documentation.

2. If you haven’t already done so, choose File > Set Path to add the 
following ispLEVER paths to the Set Path dialog box.

<ispLEVER_install_path>\ispLeverDSP
<ispLEVER_install_path>\ispFPGA\bin\nt

3. From the MATLAB startup window, set the Current Directory to your 
working directory. For example:

<ispLEVER_install_path>\ispLeverDSP\examples\csc_tutorial

4. Choose File > New > Model to open a blank model window. 

5. Select the Simulink icon from the toolbar, or type simulink in the MATLAB 
Command window. This opens the Simulink Library Browser.

6. Choose File > Open, and open the ColorSpaceConverter_tutorial.mdl 
file in the csc_tutorial directory. 

7. You will be asked to select an image file. This is the image file that will be 
used for the color space conversion test. You can use the image file 
ColorSpaceConverter_image.jpg in the tutorial directory. Or you can 
type in or browse to the directory and select another image file. 

Note

You can backup the files into another directory, so that other users can use them later. 
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The model opens and should appear as follows:

Task 2: Add Blocks to the Model
This model contains a top-level testbench and an instance of a 3x3 matrix 
multiplier that will be used for the color space conversion. We will add blocks 
to this model to perform a conversion from a parallel data format to a serial 
form, and also to convert the serial output the matrix multiplier back to a 
parallel form.

1. From the Lattice blockset, select the following blocks and drop them into 
the model outside of the existing blocks:

Upsample

Downsample

Delay

Counter

Mux
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Task 3: Upsample the Inputs
We will upsample the inputs to the color space converter by 3 times, and then 
use a counter and a multiplexer to serialize the data. The output of the color 
space converter will then be downsampled to de-serialize the output.

1. Open the Upsample block mask and set the upsample multiple to 3; all 
other parameters are left at their default values. 

2. Copy the upsample block 2 times. 

3. Open the Counter mask and change its parameters as follows: 

a. Modify the Output Width to be 2, 

b. Change the Upper Count Value to 2

c. Select Use Explicit Sample Period and enter 1/3 in Sample Period. 

The modified Counter mask looks like the following:

4. Open the Mux mask, and set it for three inputs.

5. Connect the counter to the Mux select, and connect each of the three 
Upsample block outputs to each mux data input. 

6. Drag the Multiplexed Matrix block over to the added blocks, and connect 
its input to the mux output.

7. Make a copy of the delay block and connect them serially to the matrix 
output.
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8. Open the Downsample block and set the downsample multiple to 3 and 
the Latency to 1. Make two copies of this block.

9. Connect the inputs of each block to the output of the matrix and the two 
delay block outputs. You can resize the blocks and turn off some of the 
block labels to make it easier to read if desired.

The added blocks should look something like the following:

Task 4: Make a Subsystem
Now we will make a subsystem out of this group of blocks. 

1. Select all of the newly-added blocks and select Create Subsystem from 
the edit menu. The blocks will be replaced by a single subsystem block. 

2. Double-click on this Subsystem block to view the original constituent 
blocks in a new window. Port connections have been added to all 
unconnected inputs and outputs. You can edit the port names to 
something more meaningful if desired. 

3. Make sure the first input port (In1) is connected to the first Mux input 
through an Upsample block. The second input port (In2) is connected to 
the second Mux input through an Upsample block, and so forth. 

4. Drag this block back to where the original Multiplexed Matrix block was, 
and connect the three inputs to the block. 

5. Connect the three outputs to the delay blocks that produce the outputs. 
The structure of the design is now complete.

Task 5: Parameterize the Subsystem
The next step is to parameterize the newly created subsystem to allow the 
color space converter coefficients to be entered. 

1. Right click on the Subsystem block and select Mask Subsystem.... 

2. Select the parameters tab and then click the Add button (top left-most 
icon). 

3. Enter into the Prompt field the text Coefficients. This is the text that will 
show up in the mask prompt. 

4. Enter into the Variable field the text K. This is the name of the variable that 
will hold the coefficient information. The Type field will remain at the 
default setting of Edit. When you finish, click OK. 
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5. Double-click on the subsystem box once again, and you will see the mask 
with the parameters ready to be filled in. 

6. Enter as the coefficient parameter the following:

[0.299 0.587 0.114; -0.147 -0.289 0.436; 0.615 -0.515 -0.100]

This is the coefficient set for a color space conversion from RGB to YUV.

Task 6: Simulate the Design
The design is now complete and can be simulated.

When the simulation completes, a MATLAB script will run and convert the 
results back to RGB using a floating-point conversion and then display the 
resulting image alongside the original. Also, the difference between the two 
images will be computed and multiplied by 16, and the result will be displayed 
as well. If everything has been done correctly, the two images will look almost 
identical, and the difference image will be mostly gray. 

Summary
You have completed the “DSP: Using Upsampling and Downsampling for 
Color Space Conversion” tutorial. In this tutorial, you have learned how to do 
the following: 

Serialize data using the Downsample block

Convert serial data to parallel form using the Upsample block

Compare converted data to the original to insure that the conversion was 
successful

Create and use subsystems

Parameterize subsystems

Use libraries to simplify design reuse
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