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•New features with P2 

•Native Digital Video output & HDMI.  It’s new with P2! 

•Analog VGA output & LUT 

•Digital video output using TFP410 & ADV7513 

•External VGA  HDMI adapters 

•HyperRam and HyperFlash as image buffers 

•LCD display module interfaces (the regular kind) 

•HDMI, LVDS and EVE displays 

•EVE2, EVE3, EVE4 GPUs 

•Native GUI example 

•Audio and mass storage for Multi-media use 

•Movie player in 480p using eMMC 2 
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• P2 hardware is quantum leap, not incremental update from P1 

• New Propeller Hardware Features of interest for Display, GUI, and 
Multimedia, here are some: 
• Digital Video Output (AKA HDMI, DisplayPort, etc.) 

• DAC pin output modes that can output high quality VGA at 1080p 

• Lots of more I/O pins!   (64 vs. 32) 
• Can add HyperRam and eMMC each with 8-bit bus to add fast memory 

• Can use 4, 8, 16 or even 24 bit interface to LCD modules 

• Higher raw clock speed (300 MHz vs. 80..100 MHz) 

• Even more MIPS as most instructions only take 2 clocks (vs. 4 clocks for P1) 

• FIFO buffer to HUB RAM allows fast 2 clock writes or reads 

• Streamer allows simple output data stream with low overhead 

• Interrupts allow a single cog to juggle multiple tasks (important as still 8 cogs) 

• LUT RAM in COGs allow easy indexed color modes (512 longs can also run code!) 

• New instructions for Pixel Operations and CORDIC math operations 

• USB input enabled by Smart Pins (wireless combo can add KB + Mouse with 1 cog) 
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• P2 can directly output digital video using a group of 8 I/O pins 
• Uses TDMS (Transition-minimized differential signaling) protocol just like HDMI, DVI, 

DisplayPort, PanelLink, PanelBus, etc. 

• Uses four pairs of differential signal wires & lots of digital magic 
 

 

 

 

           Image from Wikipedia 

 

 

• Note that pixel clock output is limited to 1/10 of P2 clock, meaning that only 
low resolution or low refresh rate output is possible.  Output as 10-bit codes. 
• Mainly for VGA resolution (25 MHz pixel clock), requires ~250 MHz P2 system clock 

• The output is always full 24-bit color, but can use the P2 LUT for indexed modes 

• 720p works for televisions that accept 24 Hz refresh rate (movie speed). 

• 1080p works at 11 Hz refresh rate, accepted by some DLP projectors  4 

Presenter
Presentation Notes
We are at the lowest possible pixel rate for digital video (25 MHz) with 250 MHz P2 system clock.
8-bit video data output in 10-bit codes.
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• With HyperRam or HyperFlash memory (described later) can show high 

quality images over HDMI 

• 16bpp can be upscaled by TVs and monitors 

 

1080p @ 11Hz on DLP projector 

800x480 @ 56Hz on monitor 

720p @ 24Hz on OLED TV 

Images from Wikipedia 
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WVGA=800x480 (to me, anyway)
16bpp can be upscaled by tvs and monitors
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• You can use one of many different kind of connectors interchangeably and 
use passive adapters to switch between them 

 

 

 

 

 

 

 

 

 

• Regular digital video only uses a subset of the 10-bit codes for video pixel 
data and sync signals, free to use! 

• HDMI (High-Definition Multimedia Interface) uses the extra codes to add other 
stuff, like audio, to the output stream, need to pay $$$ to use! 
• Maybe we can test this out? 

Analog VGA 

HDMI: 

DVI: 

Images from Wikipedia 

Dual Link for SVGA? 

DisplayPort: 

USB-C: 

Images from Wikipedia 
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Using DisplayPort or DVI is free from legal use issues, seems to why still used for PC equipment.
Dual-Link can double data rate… Might allow SVGA at ~60 Hz.  But, usually used for very high resolutions. Not clear if would work…  Maybe 1080p at 24 Hz?
So, HDMI can refer to both the connector and the signal method.
If you add the label “HDMI” to your board, need to pay!  Probably also need to pay if add audio to signal.
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• But, there are some caveats… 

• May not support dual-link 

• May not support audio 

• Sometimes 1-way adapters 

 

 

 

 

Image from Amazon 
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If you add the label “HDMI” to your board, need to pay!  Probably also need to pay if add audio to signal.



*

• The Parallax accessory makes it easy. Also provides access to other pins. 
• Some TVs seem to require the 5V.  I added this jumper: 

 

 

 

 

 

 

 

• We could use the DDC (Display Data Channel) pins (I2C with SCL & SDA) to 
communicate with monitor, but don’t need to. 
• Also used for High-bandwidth Digital Content Protection (HDCP) encryption. 

• Probably need pull-up on Hot Plug Detect (HPD) if using this. 

• Possible to get audio from SmartTVs using this pin (in some cases with RSVD pin). 

• May be able to use CEC (Consumer Electronics Control) pin as a way to 
interact with a TVs remote control.  It’s a 1-wire type bus.  8 

Presenter
Presentation Notes
RSVD is “reserved pin”.  It is possible to get audio using this and the HPD pin.
HPD pin can be used to receive audio from TV.
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• Many of them have 800x480 resolution, which should be ideal.  

• Some say LVDS/MIPI which may or may not work. 

• Most appear to use Texas Instruments TFP401 chip to decode the digital 
video into 24-bit color pins (I’ll mention the companion encoder, TFP410, 
later…).  No sound. 

• Some have USB touch panels 

• Available from several suppliers 

• Several sizes from 4.3” to 7” 
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• This Eagle design has been proven.  Design files posted in the P2 forum. 

• Don’t see to need to worry too much about matching signal path length 

• But, VGA only needs 5 pins and can go to higher resolution with P2 and with 
similar quality 
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• Main difference is the setup and the sync code… 

HDMI 
16bpp 

VGA 
16bpp 
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• Easy to do 1080p with a single cog 

• Only needs 5 pins, thanks to DACs (Digital to Analog Converter) in every pin 

• Simple to do 24-bit color and can use 512 longs of LUT (Look Up Table) built 
into every cog to convert 8-bit indexed color palette to 24-bit color 

• There’s enough HUB RAM to store a full frame of VGA at 8bpp 
• ~301 kB .bmp file size with 512 kB HUB RAM available 

• Much better than 32 kB of P1!  

RGB signals connected directly to P2 pins The usual 6-bit color with P1 12 
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• Here are streamer modes used for VGA and HDMI 

 

 

 

 

 

 

 

• The %ppp bits define a group of 8 pins to be used 
• So, there are 8 options for where to put VGA/HDMI bus (convenient or Eval Board 

VGA & HDMI accessories with 8-pin interface). 

HDMI, 16bpp, basepin=0, 8, 16, 24, etc. (need to specify pins, not using DACS): 

VGA, 16bpp, basepin=0, 8, 16, 24, etc.: 

Needed for HDMI 

Needed for VGA 
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Presentation Notes
VGA doesn’t need basepin added to m_rf because output going to DACs, not pins.
RGBI8 mode uses the top three bits of the 8-bit pixel values as colors and the bottom 5 bits as luminance values:�LUMA8 mode uses three bits in S[2:0] as colors and the 8-bit pixels as luminance values:�
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• The Texas Instruments TFP410 (encoder) is widely used and has been around 

for a while. 
• No license or NDA (Non-Discloser Agreement) needed to use. 

• Often paired with TFP401 (decoder)  

• Video Only, no audio 

• Successfully used along with SSD1963 (meant for LCD modules) with P1 for 
24-bit, up to 800x480 resolution, output 
• Configured by either I2C or pull up/down resistors 
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• The ADV7513 takes video input much like the TFP410, but adds in audio 

input for true HDMI output 
• SPDIF or I2S audio 

• Also ADV7511W for automobile 

 

 

 

 

 

 

 

 

 

• Here’s the problem: 
• Adopter=$$$$  

• Buy from eBay?  
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• Low cost and readily available 

• Stereo Audio input with regular 3.5mm jack 

• USB powered 

• Works at 1080p, 60 Hz 

• A few different styles: 

 

 

 

 

 

 

 
Images 
from 
Amazon 
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• Both allow low latency reading of 8-bit data streams at clock/2 speed (150 
MBPS reads with 300 MHz P2 clock). 

• HyperFlash is harder to write to, but easier to read from… 
• Also, HyperFlash is static (keeps data when power off) 

• Parallax sells a module with HyperRam and HyperFlash onboard. 

• Code posted to forum that switches between two images, up to 1080p at 
8bpp, loaded from uSD card.   
• Takes about a second to load with uSD (faster with eMMC!) 

• Can store 7 HD images in HyperRam, 14 in HyperFlash 
• If I did the math right… 

1080p VGA at 8bpp 

@rogloh working on driver 
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Presenter
Presentation Notes
1080p at 8bpp should have worked due to CS low for too long, but was something magic about skipping rows…
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• Generally, there are two main types of regular display modules: 
• Small ones, 2.4” and below with integrated RAM 

• Often with 8-bit, 16-bit, or SPI interface.  Often with resistive touch screen. 

• Large ones, 3.5” and above with no RAM  
• Usually 24-bit interface.  Resistive or Capacitive touch screen. 

• Works in a similar way as VGA monitor except with 24-bit digital color pins  

• Writing GUI code for these should be easy (and fun!) 
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• 4.3” TFT LCD module with 24-bit interface can be driven by 8-pins for color 
using two octal latches, SN74LVC574A, in series 
• I was going to use 3 latches until @jmg pointed out could just use two! 

• Would have tried P2 ADCs for touchscreen if had more pins (I2C chip uses less pins)  

• The 480x272 pixel screen only needs of pixel clock of 9 MHz, so have a lot of 
time with 300 MHz P2 to shift bytes into place 

• More than enough room to double buffer 8bpp screen (~131 kB each) 

• Could do 16bpp… 

19 



*

20 

Presenter
Presentation Notes
BTW:  SpinEdit ! 



*

• LVDS (low-voltage differential signaling) seems to be mostly for the 7” and 
larger displays.  Similar but not same as TDMS used by HDMI. 
• Not clear if can be used by P2 directly, but there are TTL to LVDS chips. 

• HDMI is also mainly on the bigger screens.  WVGA resolution is good fit for P2. 

• EVE2 based displays are like a SPI/QPI based GPU with 1 MB onboard RAM 
• Some EVE3 displays now available, EVE4 displays coming… 

 

21 

Presenter
Presentation Notes
EVE2 also has fonts in ROM



*

• Spin1 SPI code for EVE2 posted to forum some time ago 

• With P2, now makes sense to switch to SQI mode (4-bit interface) for faster 
updating speed.  Also, even SPI is much faster with P2. 

• Spin1 code already working with slight modifications on P2 thanks to FastSpin! (Thanks Eric S.!) 

• EVE2 displays make GUI work easier 
• Easy to implement buttons, dials, rotary knobs, sliders, etc. 

• Interfaces with touchscreen to tell you what buttons were pushed for you, slider 
and rotary knob positions… 

• There is audio processor, but it’s mono and not as good as can be done with P2 

• Display list code is similar to OpenGL 
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Maybe P2 could do all that EVE does someday, but having the 1 MB of extra graphics memory is nice!
Can use either resistive or capacitive touchscreens with mostly the same code.
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P1 EVE2 driver is pretty much complete and all in one file!
This code shows an image and then lets you move it with your finger.
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• Works with jpg and png file formats and some others too. 

• Can play mpeg movies with audio  
• Not yet demonstrated with Propeller… 
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• It’s strange and slow, but maybe useful for laying out your GUI 
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Presenter
Presentation Notes
Need to click on “Fixed Position” thing before adding stuff to the screen.
If you copy a .dll file “bt8xxemu.dll” to where the display is you can run a stand alone emulation of the display in action.
Older versions my have provided the display list, but don’t see that here.



*

• Maybe I’ll finally be able to get video to work… 
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• EVE3 is out and adds SQI flash chip interface 
• Also boosts main SQI interface to 30 MHz 

• EVE4 boosts speed to enable 1280x800 
resolution, “coming soon” 
• Main SQI interface to 40 MHz 

• Think was going to be announced at 
Embedded World 2020 in Nuremberg, 
Germany  

27 



*

• Designed a board to try the ADV7125 option.. 
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• Standard resolutions for PC monitors and such are 480p, 720p and 1080p; but 
resolution is king, so targeted 1080p 

• Not enough onboard memory for super nice graphics at 1080p, so using the P1 
style of 16x16 pixel tiles for graphics and font 

• Uses the P1 graphics.spin, adapted for P2, doesn’t need a cog for simple 
graphics 

• “Mixed Signal Oscilloscope” example demonstrates key features 

• Uses USB mouse (Thanks @garryj!) 

• Each tile can pick from 256, 24-bit colors for both foreground and background 
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Maybe EVE5 will do 1080p?
This app uses up all cogs and nearly all RAM…
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• Uses 5 of 8 cogs and ~200 of 512 kB HUB Ram 

• Cog #0 is main Spin2 cog and responds to mouse 
clicks 

• Cog #6 reads from tile array to build 16 rows of 
scanline for each row of tiles 

• Cog #4 outputs the scanlines while mixing in the 
cursor pixels 
• Adding in the cursor was not easy! 

• Cog #5 updates the shared LUT for tile colors and 
also does simple graphics 
• Good thing we have LUT sharing! 

• Cog #4 just cycles through 8 sets of 4 colors 

• Cog #5 updates these colors tile by tile in the row of 
tiles 

• Cog #3 runs @garryj’s USB mouse/kb code 

• Cogs #1, 2, and 7 are free, but one is sometimes 
needed if form has complex graphics 

Cog 0 
GUI Interface 

Updater 

Cog 1 
Free 

Cog 2 
Free 

Cog 3 
USB 

Mouse/KB 

Cog 4 
VGA Output 

& mouse 
tracker 

Cog 5 
LUT Colors & 
slow graphics 

Cog 6 
Scanline 
Builder 

Cog 7 
Free (or fast 

graphics) 
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• Audio is much better on P2 because of the DACs in every pin.  
• Seems that we’re just getting started with this… 

• There are a few uSD driver options in the forum 
• FSRW (File System Read/Write) was made working by @cheesuz 

• Read speed improved to 2.4 MB/s 

• Still a lot more to do… 

• An eMMC (embedded Multi-Media Controller) driver was posted to forum 
• Read speed at 28 MB/s opens up more options… 

• FSRW for eMMC (read only) code posted in forum  

• Camera code for FPGA version of P2 posted some time ago 
• Needs work still to look for best options…       

• Don’t think I’ve seen much microphone code yet.  Except a demo by Chip.  
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• P1 audio output was actually a digital signal that needed to be heavily filtered 
to pass just the audio frequencies you want 

• For P2, just need a DC blocking capacitor.  Smartpins do almost all the work 
for you. 

• P1 microphone input needed two pins and external components to do sigma-
delta ADC. 

• For P2, you just need a DC blocking capacitor and can use ADC in every pin to  

 

32 



*

• eMMC is actually based on the same standard as the old MMC 
cards (before SD cards) 
• Very similar to uSD in SPI mode, but with 1, 4, or 8-bit I/O bus and 

bidirectional CMD line (Note that CRC is required and can’t be 
turned off) 

• The 8-bit bus option is what makes this so attractive  

• Open standard, no license required (uSD has a 4-bit bus option 
but legal usage is murky). 

• Just like with uSD, fastest speed achieved by reading sequential 
blocks 

• FSRW uSD code adapted for eMMC, interface is nearly the same. 

• The 28 MB/s read rate allows for 480p widescreen video at up to 
60 Hz (but you’re run out of disk space and files are limited to 4 
GB each) 

• Can load 1080p 8bpp image into HyperRam in ~ 100 ms, 
allowing for slideshows with good quality 

• There are also super high speed modes, HS200 and HS400, 
that would let this work at same speed as HyperFlash 
• Sadly, this only works when I/O powered at 1.8 V, might not work 

without a level shifter… 

Alexa 
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People have hacked into Alexa and been able to read it’s eMMC card.
Images from:  https://www.riverloopsecurity.com/blog/2020/03/hw-101-emmc/
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Can layout with 2-layer board, just like HyperRam!
Images from ISSI and Spansion.
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• Was going to make an adapter, but 
found one on Amazon 
• Thought was .1” space header, but 

actually .05”…  

• Comes with uSD adapter! 

Images from Amazon 

Table from FriendlyArm 35 
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The uSD adapter makes it easy to load up the eMMC chip with a PC.
Could make work on P2 uSD adapter, but haven’t yet…
This eMMC module comes from https://www.friendlyarm.com/ 
Meant for NanoPi device they make
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• This is decent quality, maybe similar to DVD… 

• Uses FSRW adapted for eMMC (Note: 4 GB file size limit with FAT32) 

• A widescreen frame fits in HUB ram (640x273x16bpp ~ 350 kB) 

• Windows video tool groups uncompressed video and audio into 
interleaved integer sector sized packets for each frame 

Example frame from Blender’s open source movie, “Sintel” 
36 
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The uSD adapter makes it easy to load up the eMMC chip with a PC.
Could make work on P2 uSD adapter, but haven’t yet…
Can’t fit whole movie in one file as hits the 4 GB limit
16bpp can be upscaled by tvs and monitors
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•Thanks for watching! 

•Special thanks to Ken, Chip and Parallax! 

•Thank you to all the forum members who supported 

•Get started at https://propeller.parallax.com/ 

•Questions? 
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The uSD adapter makes it easy to load up the eMMC chip with a PC.
Could make work on P2 uSD adapter, but haven’t yet…
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