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Overview

Create a beautiful, incredibly slow eInk movie player and luxuriate in the composition
of each and every frame of your favorite movies. 24FPS? No way, let's play it back at
24 frames per hour instead. Or, any timing and frame interval you like.
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This project is a slight modification of Adafruit friend Tom Whitwell's 
SlowMovie (https://adafru.it/1aw0) project (which in turn was inspired by Bryan Boyer's
"Creating a Very Slow Movie Player" (https://adafru.it/1aw1) essay).

This project uses the same basic code and design, adjusting it to work with
the Adafruit eInk Bonnet (http://adafru.it/6418), a 7.5" Monochrome UC8179 eInk
display (http://adafru.it/6396), and the CircuitPython EPD library. All running on a
Raspberry Pi using FFmpeg (https://adafru.it/1aw2) and PIL to do the heavy lifting.

As a demonstration, here's a timelapse of about 20 minutes to play the first two
minutes of Steamboat Willie:

Parts
Raspberry Pi 5 - 4 GB RAM
The Raspberry Pi 5 is the newest
Raspberry Pi computer, and the Pi
Foundation knows you can always make a
good thing better! And what could make
the Pi 5 better than the...
https://www.adafruit.com/product/5812
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7.5" 800x480 Monochrome eInk / ePaper
- Bare Display
E-Ink/E-Paper displays make for great low-
power displays that are daylight visible
and keep their image even when...
https://www.adafruit.com/product/6396

Adafruit E-Ink Bonnet for Raspberry Pi -
24-pin E-Paper Displays
Easy e-paper finally comes to Raspberry
Pi, with this bonnet that's designed to
make it a breeze to add any 'standard'
pinout 24-pin flex-connector E-Ink display.
This...
https://www.adafruit.com/product/6418

24-pin eInk / ePaper Extension Cable
0.5mm Pitch - 25cm Long
When you need more distance between
you and your eInk display, use this 24-pin
0.5mm pitch FPC cable with an extender
adapter to...
https://www.adafruit.com/product/4230

24-pin 0.5mm FFC / FPC Extender
This 24-pin FFC / FPC Extender is very
simple. It lets you connect two 24-pin
0.5mm pitch FFC (Flexible Flat Cable) /
FPC (Flexible Printed Circuit) cables...
https://www.adafruit.com/product/4524
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Official Raspberry Pi 27W PD Power
Supply 5.1V 5A with USB C
The official Raspberry Pi PD USB-C power
supply is here! Superfast with just the
right amount of cable length to get your Pi
5 projects up and running! With true
Power Delivery...
https://www.adafruit.com/product/5814

Right Angle USB Type C Adapter - USB 3.1
Gen 4 Compatible
As technology changes and adapts, so
does Adafruit, and speaking of adapting,
this right angle adapter is USB C...
https://www.adafruit.com/product/4432

Official Raspberry Pi A2-Class microSD
Card - 64GB Blank
Optimise data transfer speeds on your
Raspberry Pi computer with an official
Raspberry Pi 64GB microSD card.
Rigorously tested to ensure optimal
performance on...
https://www.adafruit.com/product/6011

High Temperature Polyimide Tape - 1cm
wide x 33 meter roll
Polyimide Tape (sometimes referred to by
the brand name Kapton Tape) is an
interesting addition to your toolbox!
Polyimide Tape remains stable across...
https://www.adafruit.com/product/3057
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M2, M2.5, M3 Screws
If you 3D print the case these
screws (https://adafru.it/1aw3) work well for
fastening the parts together.

5x M2.5 x 6mm screws
4x M2.5 x 4mm screws
4x M2 x 5mm screws

STEMMA Wired Tactile Push-Button Pack -
5 Color Pack
Little clicky switches are standard input
"buttons" on electronic projects. These
are just like our Colorful Round...
https://www.adafruit.com/product/4431

JST PH 2mm 3-pin Plug-Plug Cable -
100mm long
This cable is a little over 100mm / 4"
long and fitted with JST-PH 3-pin
connectors on either end. We dig the
solid and compact nature of these
connectors and the...
https://www.adafruit.com/product/4336
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Raspberry Pi Setup

First, follow these instructions (https://
adafru.it/1a66) for setting up your
Raspberry Pi. In a nutshell:

Download (https://adafru.it/XMd) Raspberry
Pi imager 
Insert SD card in your computer
Pick device (Pi 4 or Pi 5 are good choice)
Raspberry Pi OS (other) > Raspberry Pi OS
Lite (64-bit) which is Debian Trixie with no
desktop environment
From Customizations General: 

Set hostname: slomovpi
username: admin
password: pick your own
WiFi credentials: enter your access point
SSID and password
Set locale settings for your time zone and
keyboard layout

From Customizations Services: 

Enable SSH with password authentication

Chose your SD card from the storage
options
Write to the SD card
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eInk Bonnet Setup
Before assembling the full frame, it's good
to connect the eInk display to the eInk
Bonnet, plug that into the Raspberry Pi,
and get the fundamentals working.

First, plug the Bonnet onto the Raspberry
Pi's 2x20 pin connector as shown.

Then, plug the eInk display's ribbon cable
into the Bonnet as shown here (https://
adafru.it/1atv).

Raspberry Pi Settings
Now, plug in your USB C power cable to power up the Pi. The non-desktop version of
the OS boots up quickly. You'll ssh into it from another computer next.

On your computer, open a terminal and type 
ssh admin@slomovpi.local (https://adafru.it/1aw5)  then enter the
password you set up during SD card configuration. More info here on using
SSH (https://adafru.it/jvB).
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Update the Pi

Enter the following to update the Pi and install pip :

sudo rpi-update
sudo apt update
sudo apt upgrade
sudo apt-get install python3-pip
sudo reboot

Enable SPI
Run raspi-config by typing  sudo raspi-
config .

Go to Interface Options and turn on SPI if it
isn't already enabled.

Next, set up a virtual environment for eInk
by following this guide (https://adafru.it/
1aso).

You'll need to install Blinka (https://
adafru.it/Deo) to use the CircuitPython
library for the display. In the section on re-
assigning the chip enable pins, use pins 
23  and 24 : sudo -E env PATH=$PATH
python3 raspi-spi-reassign.py --

ce0=23 --ce1=24

This way, you can choose to use GPIO 5
& 6  later for the buttons built onto the
eInk Bonnet. 

Once it is all installed and ready, test the
display with this script (https://adafru.it/
1aw7).
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ffmpeg
The Slow Movie Player uses ffmpeg to open movie files. Install it and ffmpeg-python
in the virtual environment with these commands:

source env/bin/activate
sudo apt install ffmpeg
pip3 install ffmpeg-python
pip3 install ConfigArgParse

Video Directory

In the home directory create a Video directory where you can put the movie files you
want played.

mkdir ~/Videos

Use a file transfer tool such as Filezilla to copy your movie files to the Videos
directory you just made. A good sample file is this one from the SlowMovie
repo (https://adafru.it/1aw8).

Slowmovie Script
Copy the code below and save it to your Raspberry Pi's home directory as 
slowmovie_adafruit.py

# SPDX-FileCopyrightText: 2025 John Park for Adafruit Industries
#
# SPDX-License-Identifier: MIT
"""
this code is a very slight adjustment of Tom Whitwell's slowmovie.py to use eInk 
Bonnet and
7.5" monochrome display
https://github.com/TomWhitwell/SlowMovie/blob/main/slowmovie.py
"""

#!/usr/bin/env python
# -*- coding:utf-8 -*-

# example use:
# sudo -E env PATH=$PATH python3 slowmovie_adafruit.py -f Steamboat_Willie_480p.mp4 
-s 1 -c 4.0

There are many ways to transfer files to the Raspberry Pi, check out this guide
for detailed information.
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import os
import time
import sys
import random
import signal
import logging
import glob
from fractions import Fraction
import ffmpeg
import configargparse
from PIL import Image, ImageEnhance

# Adafruit display imports
import board
import busio
import digitalio
from adafruit_epd.uc8179 import Adafruit_UC8179

# Compatible video file-extensions
fileTypes = [".avi", ".mp4", ".m4v", ".mkv", ".mov"]
subtitle_fileTypes = [".srt", ".ssa", ".ass"]

# Move to the directory where this code is
os.chdir(os.path.dirname(os.path.realpath(__file__)))

# Handle when the program is killed and exit gracefully
def exithandler(signum, frame): # pylint: disable=unused-argument

logger.info("Exiting Program")
if args.clear:

# Clear display on exit if requested
blank = Image.new("RGB", (epd.width, epd.height), (255, 255, 255))
epd.image(blank)
epd.display()

sys.exit()

# Add hooks for interrupt signal
signal.signal(signal.SIGTERM, exithandler)
signal.signal(signal.SIGINT, exithandler)

def clamp(n, smallest, largest):
return max(smallest, min(n, largest))

def generate_frame(in_filename, out_filename, time): # pylint: disable=redefined-
outer-name

(
ffmpeg.input(in_filename, ss=time)
.filter("scale", "iw*sar", "ih")
.fullscreen_filter()
.filter("scale", width, height, force_original_aspect_ratio=1)
.filter("pad", width, height, -1, -1)
.overlay_filter()
.output(out_filename, vframes=1, copyts=None)
.overwrite_output()
.run(capture_stdout=True, capture_stderr=True)

)

def overlay_filter(self):
if args.subtitles and videoInfo["subtitle_file"]:

return self.filter("subtitles", videoInfo["subtitle_file"])
elif args.timecode:

return self.drawtext(
escape_text=False,
text="%{pts:hms}",
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fontcolor="white",
fontsize=24,
x="(w-text_w)/2",
y="h-(text_h*2)",
bordercolor="black",
borderw=1,

)
return self

def fullscreen_filter(self):
if args.fullscreen:

if videoInfo["aspect_ratio"] > width / height:
return self.filter("crop", f"ih*{width / height}", "ih")

elif videoInfo["aspect_ratio"] < width / height:
return self.filter("crop", "iw", f"iw*{height / width}")

return self

ffmpeg.Stream.overlay_filter = overlay_filter
ffmpeg.Stream.fullscreen_filter = fullscreen_filter

# Used by configargparse to check that a file exists and is a compatible video
def check_vid(value):

if not os.path.isfile(value):
raise configargparse.ArgumentTypeError(f"File '{value}' does not exist")

if not supported_filetype(value):
raise configargparse.ArgumentTypeError(

f"File '{value}' should be a file w supported extensions: {', 
'.join(fileTypes)}"

)
return value

def check_dir(value):
if os.path.isdir(value):

return value
else:

raise configargparse.ArgumentTypeError(f"Directory '{value}' does not 
exist")

def supported_filetype(file): # pylint: disable=redefined-outer-name
_, ext = os.path.splitext(file)
return ext.lower() in fileTypes and not file.startswith(".")

# Get framerate, frame count, duration, and frame-time of video via FFmpeg probe
def video_info(file): # pylint: disable=redefined-outer-name

if file in videoInfos:
info = videoInfos[file]

else:
probeInfo = ffmpeg.probe(file, select_streams="v")
stream = probeInfo["streams"][0]

# Calculate framerate
avg_fps = stream["avg_frame_rate"]
fps = float(Fraction(avg_fps))

# Calculate duration
duration = float(probeInfo["format"]["duration"])

# Either get frame count or calculate it
try:

# Get frame count for .mp4s
frameCount = int(stream["nb_frames"])

except KeyError:
# Calculate frame count for .mkvs (and maybe other formats?)
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frameCount = int(duration * fps)

# Calculate frametime (ms each frame is displayed)
frameTime = 1000 / fps

subtitle_file = find_subtitles(file)
aspect_ratio = int(stream["width"]) / int(stream["height"])

info = {
"frame_count": frameCount,
"fps": fps,
"duration": duration,
"frame_time": frameTime,
"subtitle_file": subtitle_file,
"aspect_ratio": aspect_ratio,

}

videoInfos[file] = info
return info

# Returns the next video in the videos directory, or the first one if there's no 
current video
def get_next_video(viddir, currentVideo=None): # pylint: disable=redefined-outer-
name

# Only consider videos in the directory
videos = sorted(list(filter(supported_filetype, os.listdir(viddir))))

# Return None if there are no videos
if not videos:

return None

if currentVideo:
nextIndex = videos.index(currentVideo) + 1
# If we're not wrapping around
if not nextIndex >= len(videos):

return os.path.join(viddir, videos[nextIndex])
# Wrapping around or no current video: return first video
return os.path.join(viddir, videos[0])

# Returns a random video from the videos directory
def get_random_video(viddir): # pylint: disable=inconsistent-return-statements, 
redefined-outer-name

videos = list(filter(supported_filetype, os.listdir(viddir)))
if videos:

return os.path.join(viddir, random.choice(videos))

# Calculate how long it'll take to play a video.
def estimate_runtime(delay, increment, frames, all=False): # pylint: 
disable=redefined-builtin

# Calculate runtime lengths in different units
seconds = (frames / increment) * delay
minutes = seconds / 60
hours = minutes / 60
days = hours / 24

if all:
output = f"{seconds:.1f} sec(s)/{minutes:.1f} min(s)/{hours:.1f} hour(s)/

{days:.2f} day(s)"
else:

if minutes < 1:
output = f"{seconds:.1f} second(s)"

elif hours < 1:
output = f"{minutes:.1f} minute(s)"

elif days < 1:
output = f"{hours:.1f} hour(s)"

else:
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output = f"{days:.2f} day(s)"

return output

# Check for a matching subtitle file
def find_subtitles(file): # pylint: disable=redefined-outer-name

if args.subtitles:
name, _ = os.path.splitext(file)
for i in glob.glob(name + ".*"):

_, ext = os.path.splitext(i)
if ext.lower() in subtitle_fileTypes:

logger.debug(f"Found subtitle file '{i}'") # pylint: 
disable=logging-fstring-interpolation

return i
return None

class ArgparseLogger(configargparse.ArgumentParser):
def error(self, message): # pylint: disable=no-self-use

logger.error(message)
sys.exit(1)

# Set up logging
logger = logging.getLogger()

fileHandler = logging.FileHandler("slowmovie.log")
fileHandler.setFormatter(

logging.Formatter("[%(asctime)s] %(levelname)-8s: %(module)s : %(message)s")
)
logger.addHandler(fileHandler)

consoleHandler = logging.StreamHandler(sys.stdout)
consoleHandler.setFormatter(logging.Formatter("%(levelname)s:%(module)s:%
(message)s"))
logger.addHandler(consoleHandler)

# parse config or CLI arguments
parser = ArgparseLogger(default_config_files=["slowmovie.conf"])
parser.add_argument(

"-f",
"--file",
type=check_vid,
help="video file to start playing; otherwise play the first file in the videos 

directory",
)
parser.add_argument(

"-D",
"--directory",
type=check_dir,
help="directory containing available videos to play (default: Videos)",

)
parser.add_argument(

"-l",
"--loop", # pylint: disable=broad-except
action="store_true",
help="loop a single video; otherwise play through the files in the videos 

directory",
)
parser.add_argument(

"-R",
"--random-file",
action="store_true",
help="play files in a random order; otherwise play them in directory order",

)
parser.add_argument(

"-o",
"--loglevel",
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default="INFO",
type=str.upper,
choices=["DEBUG", "INFO", "WARNING", "ERROR", "CRITICAL"],
help="minimum importance-level of messages displayed & saved to logfile 

(default: %(default)s)",
)

# frame update controls
argsControl = parser.add_argument_group(

"Frame Update Args", "arguments that control frame updates and display"
)
argsControl.add_argument(

"-r",
"--random-frames",
action="store_true",
help="choose a random frame every refresh",

)
argsControl.add_argument(

"-d",
"--delay",
default=120,
type=int,
help="delay in seconds between screen updates (default: %(default)s)",

)
argsControl.add_argument(

"-i",
"--increment",
default=4,
type=int,
help="advance INCREMENT frames each refresh (default: %(default)s)",

)
argsControl.add_argument(

"-s", "--start", type=int, help="start playing at a specific frame"
)
argsControl.add_argument(

"-F", "--fullscreen", action="store_true", help="expand image to fill display"
)
textOverlayGroup = argsControl.add_mutually_exclusive_group()
textOverlayGroup.add_argument(

"-S", "--subtitles", action="store_true", help="display SRT subtitles"
)
textOverlayGroup.add_argument(

"-t", "--timecode", action="store_true", help="display video timecode"
)

# display controls
argsEpd = parser.add_argument_group("Display Args", "arguments to modify the 
display")
argsEpd.add_argument(

"-c",
"--contrast",
default=1.0,
type=float,
help="adjust image contrast (default: %(default)s)",

)
argsEpd.add_argument("-C", "--clear", action="store_true", help="clear display on 
exit")

args = parser.parse_args()

# Set log level
logger.setLevel(getattr(logging, args.loglevel))

# Set up Adafruit e-Paper display
logger.info("Initializing Adafruit UC8179 display...")
try:

spi = busio.SPI(board.SCK, MOSI=board.MOSI, MISO=board.MISO)
ecs = digitalio.DigitalInOut(board.CE0)
dc = digitalio.DigitalInOut(board.D22)
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srcs = None
rst = digitalio.DigitalInOut(board.D27)
busy = digitalio.DigitalInOut(board.D17)

epd = Adafruit_UC8179(
800,
480,
spi,
cs_pin=ecs,
dc_pin=dc,
sramcs_pin=srcs,
rst_pin=rst,
busy_pin=busy,
tri_color=False,

)

epd.set_black_buffer(1, False)
epd.set_color_buffer(1, False)
epd.rotation = 0

logger.info("Display initialized successfully")
except Exception as e: # pylint: disable=broad-except

logger.error(f"Failed to initialize display: {e}") # pylint: disable=logging-
fstring-interpolation

sys.exit(1)

# set width and height
width = epd.width
height = epd.height

logger.info(f"Display size: {width}x{height}") # pylint: disable=logging-fstring-
interpolation

# Set path of Videos directory and logs directory.
if args.directory:

viddir = args.directory
else:

viddir = "Videos"
progressdir = "progress"

# Create progress and Videos directories if missing
if not os.path.isdir(progressdir):

os.mkdir(progressdir)
if not os.path.isdir(viddir):

os.mkdir(viddir)

# Pick which video to play
logger.debug("Picking which video to play...")

# First, try the --file CLI argument...
logger.debug("...trying the --file argument...")
currentVideo = args.file

# ...then try a random video, if --random-file was selected...
if not currentVideo and args.random_file:

logger.debug("...random-file mode: trying to pick a random video...")
currentVideo = get_random_video(viddir)

# ...then try the nowPlaying file, which stores the last played video...
if not currentVideo and os.path.isfile("nowPlaying"):

logger.debug("...trying the video in the nowPlaying file...")
with open("nowPlaying") as file:

lastVideo = os.path.abspath(file.readline().strip())
if os.path.isfile(lastVideo):

if os.path.dirname(lastVideo) == os.path.abspath(viddir) or not
args.directory:

currentVideo = lastVideo
else:

logger.warning( # pylint: disable=logging-fstring-interpolation

©Adafruit Industries Page 18 of 41



f"'{lastVideo}' read from nowPlaying not be found. Removing file for 
recreation."

)
os.remove("nowPlaying")

# ...then just pick the first video in the videos directory...
if not currentVideo:

logger.debug("...trying to pick the first video in the directory...")
currentVideo = get_next_video(viddir)

# ...if none of those worked, exit.
if not currentVideo:

logger.critical("No videos found")
sys.exit(1)

logger.debug(f"...picked '{currentVideo}'!") # pylint: disable=logging-fstring-
interpolation

logger.info(f"Update interval: {args.delay}") # pylint: disable=logging-fstring-
interpolation
if not args.random_frames:

logger.info(f"Frame increment: {args.increment}") # pylint: disable=logging-
fstring-interpolation

if not (args.random_file and args.random_frames):
# Write the current video to the nowPlaying file
with open("nowPlaying", "w") as file:

file.write(os.path.abspath(currentVideo))

videoFilename = os.path.basename(currentVideo)
viddir = os.path.dirname(currentVideo)

progressfile = os.path.join(progressdir, f"{videoFilename}.progress")

videoInfos = {}
videoInfo = video_info(currentVideo)

# Set up the start position based on CLI input or progressfiles if either exists
if not args.random_frames:

if args.start:
currentFrame = clamp(args.start, 0, videoInfo["frame_count"])
logger.info(f"Starting at frame {currentFrame}") # pylint: disable=logging-

fstring-interpolation
elif os.path.isfile(progressfile):

# Read current frame from progressfile
with open(progressfile) as log:

try:
currentFrame = int(log.readline())
currentFrame = clamp(currentFrame, 0, videoInfo["frame_count"])
logger.info(f"Resuming at frame {currentFrame}") # pylint: 

disable=logging-fstring-interpolation
except ValueError:

currentFrame = 0
else:

currentFrame = 0

# Initialize lastVideo so that first time through the loop, we'll print "Playing x"
lastVideo = None

while True:
if lastVideo != currentVideo:

# Print a message when starting a new video
logger.info(f"Playing '{videoFilename}'") # pylint: disable=logging-

fstring-interpolation
logger.info( # pylint: disable=logging-fstring-interpolation

f"Video info: {videoInfo['frame_count']} frames, {videoInfo['fps']:.3f}
fps, duration: {time.strftime('%H:%M:%S', time.gmtime(videoInfo['duration']))}" # 
pylint: disable=line-too-long

)
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if not args.random_frames:
logger.info( # pylint: disable=logging-fstring-interpolation

f"This video will take {estimate_runtime(args.delay, args.increment,
videoInfo['frame_count'] - currentFrame)} to play." # pylint: disable=line-too-long

)

lastVideo = currentVideo

# Note the time when starting to display so later we can sleep for the delay 
value minus how long this takes  # pylint: disable=line-too-long

timeStart = time.perf_counter()

if args.random_frames:
currentFrame = random.randint(0, videoInfo["frame_count"])

msTimecode = f"{int(currentFrame * videoInfo['frame_time'])}ms"

# Use ffmpeg to extract a frame from the movie, letterbox/pillarbox it, and put 
it in memory as frame.bmp  # pylint: disable=line-too-long

generate_frame(currentVideo, "/dev/shm/frame.bmp", msTimecode)

# Open frame.bmp in PIL
pil_im = Image.open("/dev/shm/frame.bmp")

# Adjust contrast if specified
if args.contrast != 1:

enhancer = ImageEnhance.Contrast(pil_im)
pil_im = enhancer.enhance(args.contrast)

pil_im = pil_im.convert("L") # Convert to grayscale (8-bit)
pil_im = pil_im.convert(

"1", dither=Image.FLOYDSTEINBERG
) # Then to 1-bit with dithering
pil_im = pil_im.convert("RGB") # Convert back to RGB for Adafruit display

# Display the image
logger.debug( # pylint: disable=logging-fstring-interpolation

f"Displaying frame {int(currentFrame)} of {videoFilename} ({(currentFrame /
videoInfo['frame_count']) * 100:.1f}%)"

)
epd.image(pil_im)
epd.display()

# Increment the position
if args.random_frames:

if args.random_file:
# Pick a new random video
currentVideo = get_random_video(viddir)
videoFilename = os.path.basename(currentVideo)
videoInfo = video_info(currentVideo)

else:
currentFrame += args.increment
# If it's the end of the video
if currentFrame > videoInfo["frame_count"]:

if not args.loop:
if args.random_file:

# Pick a new random video
currentVideo = get_random_video(viddir)

else:
# Update currently playing video to be the next one in the 

Videos directory
currentVideo = get_next_video(viddir, videoFilename)

# Note new video in nowPlaying file
with open("nowPlaying", "w") as file:

file.write(os.path.abspath(currentVideo))

# Update videoFilepath for new video
videoFilename = os.path.basename(currentVideo)
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# Update progressfile location
progressfile = os.path.join(progressdir,

f"{videoFilename}.progress")
# Update video info for new video
videoInfo = video_info(currentVideo)

# Reset frame to 0 (this restarts the same video if looping)
currentFrame = 0

# Log the new location in the proper progressfile
with open(progressfile, "w") as log:

log.write(str(currentFrame))

# Adjust sleep delay to account for the time since we started updating this 
frame.

timeDiff = time.perf_counter() - timeStart
time.sleep(max(args.delay - timeDiff, 0))

Test Run
Now you can give the script a try! Make sure you're in your venv and then type this:

sudo -E env PATH=$PATH python3 slowmovie_adafruit.py

You can add flags to the command, such as start frame, increment, delay, filename,
and contrast level. Here's an example:

sudo -E env PATH=$PATH python3 slowmovie_adafruit.py -s 1728 -i 24 -d

45 -c 3.5

This means:

--start frame  = 1728
--increment  = 24 frames
--delay  = 45 seconds
--contrast  = 3.5

• 
• 
• 
• 
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Here is the full set of options:

usage: slowmovie.py [-h] [-f FILE] [-D DIRECTORY] [-l] [-R]
                    [-o {DEBUG,INFO,WARNING,ERROR,CRITICAL}] [-r] [-d DELAY]
                    [-i INCREMENT] [-s START] [-F] [-S | -t] [-e EPD]
                    [-c CONTRAST] [-C]

optional arguments:
  -h, --help            show this help message and exit
  -f FILE, --file FILE  video file to start playing; otherwise play the first
                        file in the videos directory
  -D DIRECTORY, --directory DIRECTORY
                        directory containing available videos to play
                        (default: Videos)
  -l, --loop            loop a single video; otherwise play through the files
                        in the videos directory
  -R, --random-file     play files in a random order; otherwise play them in
                        directory order
  -o {DEBUG,INFO,WARNING,ERROR,CRITICAL}, --loglevel 
{DEBUG,INFO,WARNING,ERROR,CRITICAL}
                        minimum importance-level of messages displayed and
                        saved to the logfile (default: INFO)

Frame Update Args:
  arguments that control frame updates and display

  -r, --random-frames   choose a random frame every refresh
  -d DELAY, --delay DELAY
                        delay in seconds between screen updates (default: 120)
  -i INCREMENT, --increment INCREMENT
                        advance INCREMENT frames each refresh (default: 4)
  -s START, --start START
                        start playing at a specific frame
  -F, --fullscreen      expand image to fill display
  -S, --subtitles       display SRT subtitles
  -t, --timecode        display video timecode

EPD Args:
  arguments to select and modify the e-Ink display

  -e EPD, --epd EPD     the name of the display device driver to use
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  -c CONTRAST, --contrast CONTRAST
                        adjust image contrast (default: 1.0)
  -C, --clear           clear display on exit

Args that start with '--' (eg. -f) can also be set in a config file
(slowmovie.conf). Config file syntax allows: key=value, flag=true,
stuff=[a,b,c] (for details, see syntax at https://goo.gl/R74nmi). If an arg is
specified in more than one place, then commandline values override config file
values which override defaults.

3D Printed Frame
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You can print this 7.5" eInk display frame your for Raspberry Pi in order to show off
your Slow Movie Player to best effect.

This frame was designed by Pedro Ruiz with some small modifications by John Park.

3MF files for 3D printing are oriented and ready to print on FDM machines using PLA
filament. Use a black colored filament and smooth build plate for a nice flat look.

Slow_Movie_Player frame 3MF

https://adafru.it/1aw9

Slow_Movie_Player STLs

https://adafru.it/1awa

Edit Desktop Case

https://adafru.it/1awX

You can choose to print the low- or high-angle stand depending on how you wish to
display the player. The low-angle stand is great for desktop use, while the high-angle
stand is perfect for shelves and bookcases.

The dropdown on the Fusion 360 site allows you to pick your preferred 3D file
format like STEP, STL, etc
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Assembly

Time to assemble!

Note: since eInk displays don't require power to maintain their image, you'll notice a
frame is still displayed here during assembly.

Insert Display Into Frame
First, insert the eInk display into the frame
as shown, with the the thicker edge of the
frame at the bottom.
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eInk Cable Extension
Add the eInk cable extension coupler to
the display ribbon on one end and the
extended cable on the other.
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Tape It
You can optionally use some polyamide
tape to secure the cable to the back of the
display.
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Connect Cable to Bonnet
Insert the other end of the long ribbon
cable to the eInk Bonnet
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You'll now have plenty of slack to
assemble the Bonnet and Pi.
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Attach Pi to Bracket
Use the four M2.5 x 4mm screws to affix
the Raspberry Pi to the bracket.
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Connect Bonnet to Pi
Press the Bonnet onto the Pi, being sure to
carefully align the 2 x 20 pin connector.

Set the frame back over the Raspberry Pi and bracket as shown, being careful not to
pinch the cable.
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Connect Back to Frame
through Bracket
Carefully align the sandwich and fasten
with the five M2.5 x 6mm screws.
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Add Pi Cover
Place the back cover over the Pi and
fasten with four M2 x 5mm screws.
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Power
Plug in the right angle USB C adapter and
power cable.
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Frame Stands
Pick the low or high angle stand -- low
angle is great for desk use, high angle is
good for bookshelves -- and then set the
frame on it.
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Movie Prep

Films shot in black & white look great on
the eInk display. Since this guy entered
the public domain, Steamboat Willie is a
natural choice. I downloaded the webm file
here (https://adafru.it/1awb) from
Wikimedia. You can then process the file
with a video editor or online converter to
go from WebM to MP4, which is a good file
format for ffmpeg to play back.
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Contrast
The Slow Movie player scripts grab a single frame at a time from the movie file and
applies dithering to work on the 1-bit eInk display. I've found that some low-contrast
images don't dither well with default settings. You can boost the contrast in the 
adafruit_slowmovie.py command arguments with -c 4.5  for example.

This should generally do the trick, however you may also choose to do a pass of
image adjustments or exposure/gamma correction in a video editor as I did here with
Steamboat Willie.

Dithering
The default dithering used to make the 1-bit eInk display appear to show shaded
grayscale images is a Floyd-Steinberg algorithm. This guide (https://adafru.it/OFT) has
much more info on dithering for eInk displays. You could potentially pre-process your
images for a specific look by pre-dithering the movie files and then disabling dithering
in the adafruit_slowmovie.py script.
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Run on Startup

You can set the SlowMovie script to run on startup automatically as a service. This
way there's no need to ssh into it and start it up if the Pi ever reboots or is unplugged
and replugged.

First, create a slowmovie service file in the nano text editor:

sudo nano /etc/systemd/system/slowmovie.service

Copy this text into the file:

[Unit]
Description=SlowMovie E-Ink Display
After=network.target

[Service]
Type=simple
User=root
WorkingDirectory=/home/admin
ExecStart=/home/admin/env/bin/python3 /home/admin/slowmovie_adafruit.py -i 96 -d 30 
-c 4
Restart=on-failure
RestartSec=10

[Install]
WantedBy=multi-user.target
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Enable and Start the service
Now that you've created the servie it needs to be reloaded to be recognized, and
then enabled to start on boot.

# Reload systemd to recognize the new service
sudo systemctl daemon-reload

# Enable it to start on boot
sudo systemctl enable slowmovie.service

Now, any time you reboot or start the system, SlowMovie will play.

If you need to manually start or stop the service, or check its status, use these
commands:

# Start it now (to test)
sudo systemctl start slowmovie.service

# Stop it now
sudo systemctl stop slowmovie.service

# Check status
sudo systemctl status slowmovie.service
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Add a Shutdown Button

Add a physical hardware
button to safely shutdown
the Pi
The lid vents are compatible with STEMMA
boards.

A STEMMA Wired Tactile Push-Button
mounts with M2.5x6mm screws and nuts.

JST PH 2mm 3-pin Plug-Plug Cable fits
through the vents and plugs into the port
on the e-Ink bonnet.

ssh into the Pi and edit the config text to add the hardware button 

sudo nano /boot/firmware/config.txt

Scroll to the bottom and add the following code to enable the button. 

dtoverlay=gpio-shutdown,gpio_pin=12,active_low=1,gpio_pull=up,debounce=10>
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