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So You Want A Show Network?
Overview



ÅI.T. tech of 35 years at University of Akron OH

Å11 years of shows

Å63,507 pixels (8,036 network pixels)

ÅNational recognition

ÅiTwinkle.org to watch & control show

Tom Hammond
Where are you from?



A picture is worth a thousand words





What is a Show Network?

ÅSeparate network wiring for 
your show, apart from your 
home network

Å¢ǿƻ ƴŜǘǿƻǊƪǎ ŎŀƴΩǘ ǎŜŜ ƴƻǊ 
interfere with each other, 
unless a router/proxy/VPN 
is used to join them



Why have 
a show network?



Why a Show Network?

ÅBandwidth limitations

ïShows consume lots of bandwidth

ÅPoor Wi-Fi coverage

ïGive show network its own SSID

ÅSecurity concerns 

ïHackers can invade your network



Why have 
a show network?



Why have a Show Network?

ÅBandwidth limitations

ïPixel shows take a small fraction of 
bandwidth 
(1-2% of 1Gbps Ethernet bandwidth 
for 10,000 pixels at 20 FPS)

ïOther home uses (movies, video 
games) are low bandwidth, too

ïEnsure home network uses good gear



Why have a Show Network?

ÅPoor Wi-Fi coverage

ïSeparate SSID still uses same spotty Wi-Fi network

ïPushing pixel data via Wi-Fi can be problematic

ÅInstead, use Wi-Fi for multisyncpackets and 
routing between networks

ïUse good Wi-Fi gear for home network



Why have a Show Network?

ÅSecurity concerns 

ïKeeping public from your home network 
is a valid point

ïSeparating networks adds unnecessary 
complexity

ïInstead, improve homenetwork security.  
It benefits everyone at home, not just 
your show (firewall, router options).



Good reasons to 
have a show network



Why have a Show Network?

ÅWired controllers but no Ethernet 
from house
ïUse Raspberry Pi as router via Wi-Fi

ÅHouse Wi-Fi spotty or Wi-Fi only controllers
ïShow network on its own Wi-Fi router

ÅHave a ton of pixels
ï1Gbps network can drive over 1M pixels at 

20fps, 500k pixels at 40fps (using DDP)



Bandwidth



Bandwidth

ÅFPS differences (frames per second)

ÅProtocol 
differences

ÅShow bandwidth

ÅBandwidth 
comparisons



FPS differences

ÅHow often your pixels animate 
per second

Å20fps is default, 40fps is popular

ïάƎƻƻŘέ ǾǎΦ άǎƛƭƪȅ ǎƳƻƻǘƘέ

ÅDouble the FSEQ size and 
network bandwidth



Protocol differences

ÅDDP (Distributed Display Protocol)

ïUp to 40.5% more 
efficient than E1.31

ÅE1.31 (Streaming ACN)

ïAuto (universe) Size is 
about 23.6% more 
efficient than static size

Bandwidth savings by protocol

E1.31 static E1.31 autosize DDP



Show bandwidth

ÅShows do not consume much bandwidth

ï10,000 pixel show (20 fps) can 
consume:
Å16.1Mbps with E.131 static

Å12.3Mbps with E.131 auto size

Å9.58Mbps with DDP

ïOn a 100Mbps wired network, this is 
only 9.58-16.1% of network 
bandwidth (1-2% of gigabit network)



Show bandwidth
100 Mbps
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Bandwidth consumption for 10,000 pixels (20 FPS) on a 100Mbps network

100Mbit Ethernet E1.31 static E1.31 autosize DDP



Show bandwidth
1000 Mbps
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Bandwidth comparisons

ÅGigabit switch: 1,000Mbps

ÅWi-Fi 5 router 6,900Mbps*

ÅWi-Fi 6 router 9,600Mbps*

Å10,000 pixel show (DDP): 9.58Mbps

ÅStreaming video: 8Mbps

ÅAmazon/Disney 4K video: 15Mbps

ÅOnline disc game console:     3-10Mbps

ÅStreaming game console: 100Mbps (up to)

* Speed and 
consistency 
affected by 
environment, 
ǇŜƻǇƭŜΩǎ ǇƘƻƴŜǎ 
& portable 
devices, RF 
interference



Bandwidth consumption for 10,000 pixels on a 100Mbps network

10,000 pixel show (DDP) Streaming video Amazon/Disney 4K video

Online game console Streaming game console Gigabit Ethernet remaining

Remaining bandwidth

Show bandwidth



Bandwidth consumption for 10,000 pixels on a 1Gbps network

10,000 pixel show (DDP) Streaming video Amazon/Disney 4K video

Online game console Streaming game console Gigabit Ethernet remaining

Remaining 
bandwidth

Show 
bandwidth



Protocols
E1.31 vs DDP



E1.31 vs DDP

ÅE1.31

ïPixel data (channels) divided into 
universes

ïEach universe holds 512 channels

ïPacket size limited to 512 bytes

Å100 universes = 100 packets

ïAuto Size vs. Static universes

Static
size

Auto
size

U1

U2

U3

U4



E1.31 vs DDP

ÅDDP

ïAbsolute channel addressing
(no need for universes)

ïPackets are larger (smaller 
headers, more room for data)

ïPacket size up to 1,440 bytes

ï23.4% bandwidth savings

DDP E1.31



E1.31 vs DDP

E1.31

Å Channels divided into 
universes

Å 512-byte packets 
(many packets)

Å 72% efficiency

DDP

Å No need to 
divide channels

Å Up to 1,440-byte 
packets (fewer packets)

Å 94.9% efficiency



Improving your
home network



Improving Your Home Network

Å1Gbps Ethernet switch (devices, too)

ÅDDP protocol on FPP and controllers

ïIf you must use E1.31, enable Universe 
Auto Size

ÅWi-Fi 5 or 6 router with MIMO

ïUnderstand networking before getting 
into enterprise meshgear (Unify)

ÅLower FPS from 40 to 20

RPi3: 100Mbps
Falcon V3: 100Mbps



How data
communication works



OSI Model

ÅOpen Systems Interconnection Model

ÅFinalized in 1980

ÅSeven layers



OSI Model

ÅOSI Layers

7. Application xLights, web browser

6. Presentation Data format & encoding

5. Session Communication channels

4. Transport TCP controller UI (stateful), UDP xLights data (stateless)

3. Network Data packets, routing packets (router)

2. Data Link Network protocols, MAC address (switch)

1. Physical Ethernet cable & card, Wi-Fi radio



MAC & TCP/IP addresses

ÅMAC: Media Access Control 

ÅTransmission Control 
protocol / Internet Protocol



MAC & TCP/IP addresses

ÅMAC address

ïLayer 2 of OSI model

ïPhysicaladdressing 

ïStamped in each hardware device

ïUnique for every device on 
network
ÅComputer, FPP, controller

ÅPhone, Smart TV, 
Wi-Fi printer



MAC & TCP/IP addresses

ÅTCP/IP address
ïLayer 4 of OSI model 

(transport)
ïTCP= packet delivery
ïIP= Logicaladdressing
ÅUnique number for every device 

using your network (X.X.X.X)

ïLǘΩǎ Ƙƻǿ ŘŜǾƛŎŜǎ άŦƛƴŘέ ŜŀŎƘ ƻǘƘŜǊ
ÅComputer, FPP, controller
ÅPhones Smart TV, Wi-Fi printer



Subnets

Å9ŀŎƘ ƴŜǘǿƻǊƪ ƛƴ ȅƻǳǊ ƘƻƳŜ ƛǎ ŎŀƭƭŜŘ ŀ άǎǳōƴŜǘέ

ïNetwork address:

ÅFirst 3 numbers of IP address 

Å( x . x . x. x )

ïHost address:

ÅLast number unique for every 
device on your network 
( x . x . x . x )



Switches
and Hubs



Switches

ÅConnects devices in a network to 
each other, enabling them to talk by 
exchanging data packets



Switches

1. [ŜŀǊƴǎ ŀƭƭ ŘŜǾƛŎŜǎΩ a!/ ŀŘŘǊŜǎǎŜǎ

2. Initially floods data to all ports & devices

3. wŜǎǇƻƴŘƛƴƎ ŘŜǾƛŎŜǎΩ a!/ ŀŘŘǊŜǎǎ ǎŀǾŜŘ ǘƻ 
ά!wt ǘŀōƭŜέ

4. Later on, data sent 
only to correct device

Åά[ŜŀǊƴΣ ŦƭƻƻŘΣ ŦƻǊǿŀǊŘέ



Hubs

ÅIǳōǎ Řƻ ƴƻǘ άƭŜŀǊƴέ

ïShow data is sent to all 
ports & devices always

ïWaste of bandwidth

ïLŦ ƛǘΩǎ ǊŜŀƭƭȅ ƻƭŘΣ ǘƻǎǎ ƛǘ

ïLŦ ƛǘΩǎ мллaōΣ ǘƻǎǎ ƛǘ



How to setup 
a show network



Connecting networks

ÅGoal

ïCreate a connection between 
home and show networks so that 
data passes to/from them

ÅMethods

ïRouting, Proxy, VLAN


