
MIPI to HDMI Lab
For the MAX® 10 DECA FPGA Evaluation Kit

TABLE OF CONTENTS
LAB 8. MIPI TO HDMI LAB ............................................................................................................................... 294

8.1 Set up the Quartus II project ................................................................................................................... 294
8.1.1 Open the project file ........................................................................................................................ 294
8.1.2 Licensing the MIPI IP cores ............................................................................................................ 294

8.2 Build the design....................................................................................................................................... 294
8.3 Open an existing Qsys file ...................................................................................................................... 295
8.4 Add some additional VIP blocks for Picture-in-Picture ........................................................................... 296

8.4.1 Add the Mixer II IP .......................................................................................................................... 296
8.4.2 Add the TPG (Test Pattern Generator) ........................................................................................... 299
8.4.3 Modify the hdmi_cvo ....................................................................................................................... 299
8.4.4 Update the PLL settings.................................................................................................................. 301
8.4.5 Connect the system ........................................................................................................................ 301
8.4.6 Resolve errors................................................................................................................................. 302
8.4.7 Generate your Qsys system ........................................................................................................... 303
8.4.8 Compile the design ......................................................................................................................... 303
8.4.9 Configure the FPGA........................................................................................................................ 304
8.4.10 Verify your output ............................................................................................................................ 304

Version 15.0 6/07/2015



LAB 8. MIPI to HDMI Lab

294 Max10 DECA Workshop Manual

LAB 8. MIPI TO HDMI LAB
Overview: The goal of this workshop is to make use of the 8M-pixel camera and interact with Altera’s Video and

Image Processing suite to build, run and test an image video design.

8.1 Set up the Quartus II project

8.1.1 Open the project file
Browse to C:\DECA\workshop_labs\8_MIPI_to_HDMI_Terasic and open mipi_to_hdmi_terasic.qpf.

8.1.2 Licensing the MIPI IP cores
You will require a license in order to compile the FPGA design for this lab.  The license is provided with the lab files.
Here are the steps required to configure the license in Quartus

8.1.2.1 In the Quartus II menu, select Tools License Setup

8.1.2.2 In the License Setup section browse to your license located in:
c:\DECA\workshop_labs\8_CMOS_to_HDMI_Lab\deca_mipi_hdmi_vip.dat

8.1.2.3 Your screen should now look like this:

Note that if you already have a license file in this field, you can append the new license file using a
semi-colon (;), such as:

c:\existing_license.dat;c:\DECA\workshop_labs\...\ deca_mipi_hdmi_vip.dat

8.1.2.4 There are several different ways to 'refresh' the License Setup dialog box.  Generally, select OK, to close
the dialog box, then re-open it via: Tools License Setup

8.1.2.5 Review the Licensed AMPP/MegaCore functions section and scroll to the bottom of the list to confirm the
IP license was applied.

Your Quartus II project is set up. You are ready to start building your system

8.2 Build the design
Overview In this module, you will add components to a system, make connections where required, assign

clocks,  and generate the system.
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8.3 Open an existing Qsys file
8.3.1.1 Launch Qsys from either the toolbar or the menu: Tools Qsys

8.3.1.2 Choose mipi_vip.qsys and select Open.

Here you will find various components in this Qsys design. This design runs as-is.  The default configuration looks
like this functional diagram

The blocks here are connected with a streaming protocol which is ideal for bursty applications including video and
image processing. Here you will see that data is sent from a source (SRC) to a sink (SNK).  The sink has the ability
to apply backpressure in the event the IP is not ready to consume the data.

As shown in the diagram, the data is brought into the system, fed through a frame buffer, and driven out of the
system to an HDMI transmitter. A brief description of these blocks follows:

 terasic_bayer2rgb – a piece of encrypted IP from Terasic that translates the CMOS camera input into a
format the rest of Altera’s Video and Image Processing (VIP) blocks can utilize.

 frame_buffer – an IP block from Altera’s VIP library that writes the input data to DDR3 and reads out the
output data using a ping-pong buffer approach (write to one page, read from another page, then swap)

 hdmi_cvo – another VIP block that takes the streaming data it receives and outputs it in a format that the
HDMI transmitter can understand (parallel video, data enable, hsync, and vsync)
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8.3.1.3 Review the connection diagram in Qsys and verify that it matches the functional view shown above:

8.4 Add some additional VIP blocks for Picture-in-Picture
These next steps modify Qsys system shown above to support picture-in-picture using a test pattern generator and a
mixer. If you are not interested in this piece of the lab, you can proceed to the next section where you generate the
Qsys system

8.4.1 Add the Mixer II IP
The Mixer II IP is used to receive up to four inputs and overlay them to drive out to one display. We will use the
mixer to center the camera video while the test pattern will be overlaid on top of the video.  The mixer has the ability
to move the images around on the screen using a register interface
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8.4.1.1 Add the Mixer II component in Qsys by typing mixer in the IP Catalog window

8.4.1.2 Double click the component titled: Mixer II (4K Ready)

8.4.1.3 Change the Video Data Format to match the following:

Note: the uniform background was arbitrarily chosen.  Feel free to choose any other RGB color value.  You can use
Microsoft’s Paint program, Edit Colors option to help choose a color.



LAB 8. MIPI to HDMI Lab

298 Max10 DECA Workshop Manual

8.4.1.4 Click Finish to close the Mixer II parameter editor.

8.4.1.5 Rename the component to vip_mixer (Right-click the component and select Rename)

8.4.1.6 Connect the clock to our video pipeline clock: altpll_sys_c1. You can do this by using the drop-down
menu in the Clock column

8.4.1.7 Connect the reset to nios2_gen2.debug_reset_request. You can do this by right-clicking the reset signal
then selecting Connections: vip_mixer.main_reset nios2_gen2.debug_reset_request
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8.4.2 Add the TPG (Test Pattern Generator)

8.4.2.1 Add the Test Pattern Generator II (4K Ready) component in Qsys by typing tpg in the IP Catalog window

8.4.2.2 Double click the component titled: Test Pattern Generator II (4K Ready)

8.4.2.3 Enable the Runtime Control of image size and switch the Color plane configuration to Parallel

8.4.2.4 The IP should be configured as:

8.4.2.5 Click Finish to add the TPG to your system

8.4.2.6 Rename the component to: tpg

8.4.2.7 Connect the clock and reset to match the vip_mixer component

8.4.3 Modify the hdmi_cvo
The Clocked Video Output resolution needs to be updated to support 1280 x 800 (the same resolution that the
vip_mixer is using.  The sync parameters change based on this new resolution.  There are many useful references
for determining the sync pulse widths.  One of these resources can be found here:

http://tinyvga.com/vga-timing/1280x800@60Hz
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8.4.3.1 Double-click the hdmi_cvo (or right-click and choose Edit) then reconfigure the IP to these parameters
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8.4.4 Update the PLL settings
When the output resolution is increased, the pixel clock also has to be increased.  The pixel clock for 1280 x 800 is
83.46 MHz. This frequency cannot be achieved with our current PLL settings (due to the other clocks in the system)
however we can get very close (83.33 MHz).

8.4.4.1 Find the altpll_sys component and double click it. A right-hand pane opens.

8.4.4.2 Click the Edit Parameters… button to edit the PLL settings

8.4.4.3 Using the tabs along the top of the PLL MegaWizard, jump to section [3] Output Clocks, then the sub-
section clk c2

8.4.4.4 Update the parameters shown here to obtain a frequency of 83.3333 MHz

8.4.4.5 Click Finish twice to close the PLL MegaWizard.

8.4.4.6 You can also close the PLL Parameter editor window

8.4.5 Connect the system
Now we will remap our video pipeline to match something like this:
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8.4.5.1 Connect these following interfaces. There are several different methods including the connection matrix on
the left of Qsys, or using the right-click method outlined above:

vip_mixer.dout hdmi_cvo.din

vip_mixer.control nios2_gen2.data_master

tpg.control nios2_gen2.data_master

tpg.dout vip_mixer.din1

frame_buffer.dout vip_mixer.din0

8.4.6 Resolve errors
If the previous connections were done correctly, you will likely have several error messages:

These messages are all related.  Qsys is throwing an error because the Avalon bus masters have overlapping
peripherals that share memory regions. Naturally, this causes an addressing error.
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8.4.6.1 To resolve this error, set the base address of the tpg to: 0x100.  You can edit the address by double-
clicking the base address of the tpg’s control port as shown by the arrow:

8.4.6.2 Verify there are no other red error messages.

8.4.6.3 You will find several other warning messages in this Qsys design mainly because unnecessary ports are
not brought out of the Qsys system.  You can safely ignore these warnings.

8.4.7 Generate your Qsys system

8.4.7.1 In the bottom right-hand corner of Qsys, select Generate HDL… then click Generate in the dialog box that
opens.

Qsys will begin generating the design files necessary to implement the system that is described within Qsys.  This
process will take several minutes to complete.

8.4.7.2 After generation completes, click Close to leave the Qsys generation dialog box

8.4.7.3 Switch back to Quartus leaving Qsys open.

8.4.8 Compile the design

8.4.8.1 In the Quartus II menu, select: Processing Start Compilation

This compile takes roughly 10 minutes to complete
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8.4.9 Configure the FPGA

8.4.9.1 Prior to powering on the board:

 Connect the MIPI camera to your DECA board

 Set SW0 and SW1 both to their default position of “00”

8.4.9.2 Now you are ready to connect the USB cable from UB2 J10 on the DECA board to your computer.

8.4.9.3 Open the Quartus II Programmer via: Tools Programmer

A chain description file opens with the programming file already specified.

8.4.9.4 Press Start to begin configuration

8.4.10 Verify your output

8.4.10.1 After downloading the design to your DECA board, you will find that the majority of the LED’s are on.

8.4.10.2 Connect your DECA board to an HDMI monitor or projector

By default, the mixer’s outputs are disabled so we are expecting a blank screen at this time.  Generally, software is
written to update the registers on both the Mixer II and the TPG.  In our case, we are going to use System Console to
update these registers

8.4.10.3 To launch System Console, return back to Qsys

8.4.10.4 In the Qsys menu, select: Tools System Console

8.4.10.5 Once System Console loads, you can launch a prewritten TCL script to enable the mixer and TPG.

8.4.10.6 Type source vipmix.tcl at the Tcl Console prompt (located in the lower right-hand window)

8.4.10.7 You should see two images appear.  The larger camera input and a smaller TPG. You can move either of
these images around by adjusting the x & y coordinates.  You can also adjust the size of the TPG. More
information can be found in the vipmix.tcl file provided.

Here are some useful commands you can use to experiment with:

8.4.10.8 Move the TPG to coordinates: 100, 100: master_write_32 $nm $frm1x 100 100

8.4.10.9 Move the TPG to coordinates: 0, 0: master_write_32 $nm $frm1x 0 0

8.4.10.10 Resize the TPG to 640x480: master_write_32 $nm $tpg 1 0 0 640 480

8.4.10.11 Turn off the TPG if you no longer want to use it: master_write_32 $nm $frm1 0

Note moving the TPG beyond the limit of 1280 x 800 will cause the mixer to crash. This can be accidentally done if
you increase the size of the TPG too large or moving the starting corner too far over or down.
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CONGRATULATIONS! YOU HAVE COMPLETED THE MIPI TO HDMI LAB


