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Shadow, Light, and Truth
BY  RICHARD CADENA

SHUJI NAKAMURA WASN’T TRYING TO 

START A REVOLUTION; he was just trying 

to make a blue LED. But when he succeeded 

in 1993, his little blue butterfl y fl apped its 

wings in Japan, where Nichia Corporation, 

the company he worked for at the time, 

was located, and it created a hurricane of 

LED activity in the live event production 

industry. The ability to combine red, green, 

and blue emitters to produce almost any 

color video pixel lead to the invention of 

the LED video display. When U2 used a 

large LED backdrop on the PopMart tour in 

1997, it portended big changes in live event 

production.

It used to be that touring shows that 

had video used extremely large video 

projectors with ridiculously large xenon 

lamps to project a moderately bright picture 

on moderately-sized screens. Now video 

projectors are much more reasonable in 

size, and, more and more, video content 

is being displayed on LED panels instead 

of being projected. LED displays can be 

much brighter than projection, they save 

setup time, and they are available in a lot 

of form factors, including sizes suitable for 

stair fascias, fl oors, and backdrops. With so 

many good options, video on concert tours 

is almost a foregone conclusion, and the 

number of video display surfaces has taken 

off, like butterfl ies in the spring. But what 

do you need to understand about video 

systems to stay abreast of today’s video 

technology? Here’s what you need to know 

to be a video pro.

What you need to know to be a 
video pro on a concert/touring show

Live video reinforcement, including I-Mag, is almost a foregone conclusion in concert touring shows today.
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Camera or 
canned content?
The video production process starts with 

the acquisition or creation of video content. 

If you want a live feed for I-Mag (image 

magnifi cation) or broadcast, then you’re 

going to need a good video camera or three 

to start, and possibly more. There is much 

to know about video cameras, but if you 

had to narrow it down to the one or two big 

things that most affect the picture quality, 

that would be the size of the image sensor—

bigger is better, but more expen$ive—and 

the quality of the glass (a.k.a. the lens).

Image sensors range from 5.76 mm x 

4.29 mm to 36 mm x 24 mm. Lenses can be 

slow or fast, with less or more glass, and that 

affects how much light they allow to reach 

the image sensor for a given shutter speed. 

The bigger the aperture relative to focal 

length, the faster the lens will be—and the 

higher the price. Telephoto or long lenses 

need large apertures for reasonable speed. 

When you see those really big video cameras 

on the platforms next to front of house, 

most of the size (and the price) comes from 

the lens, not the camera. You’ll typically see 

something like the Canon DigiSuper 86AF 

long-fi eld lens, which you can buy online 

for a mere $180,692, or if you’re looking for 

a bargain, try the Fujinon XA87 for only 

$160,700.

Of course, the native resolution of the 

video camera is also important, and it could 

be the subject of an entire article or book. 

In short, the more pixels a camera can 

capture, the better, assuming all other things 

are equal. The minimum requirements for 

today’s live event production is typically HD 

quality video, which means 1080p (1920 x 

1080 progressive, as opposed to interlaced, 

where half of the lines are alternately 

displayed with the other half to create one 

full frame). That may soon change to UHD, 

which is four times the resolution of HD 

(see related article on page 50).

Most live events have multiple cameras 

including handhelds and POV (point of 

view) cameras. When you reach the point 

in your career where you are able to design 

a video system and specify the gear, you will 

want the best video cameras money can buy. 

Chances are, you won’t get them. The tour 

accountant will see to that, and his budget 

will force you to use a more pedestrian 

instrument, but you’ll do just fi ne with 

whatever video cameras the rental house has 
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           . . . the more pixels a camera 
can capture, the better, assuming 
all other things are equal.“

“

Video displays come in a variety of form factors, including stair facias, floors, backdrops, and 
modules large and small.

Much of the size and price of a front-of-house camera is due to the lens, not the camera. The 
Canon DigiSuper 86 long-field lens is among the more common long lenses.
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available. The price of good video cameras 

has dropped quite a bit while the quality of 

the picture has increasingly improved. I have 

experienced very good results with even a 

$350 GoPro, as long the lighting conditions 

are good.

For live event production today, the 

minimum requirements for a front-of-

house camera setup, besides HD resolution 

and a good zoom lens, include a good 

quality tripod for long shots. If the show is 

being recorded or if it’s being broadcast to 

a live audience, then there will likely be at 

least one camera crane or jib.

Media servers
In addition to a live feed, most video 

systems also use pre-recorded or canned 

content, which is video that was created 

using software like After Effects, Cinema 4D, 

3DS Max, or other modeling, animation, 

and rendering software. You can also create 

content using Illustrator, Photoshop, and a 

number of other software packages. Video 

techs and engineers sometimes refer to 

this canned content as “B-roll” because in 

previous times when fi lm and video was 

fed edited content using tape machines, 

the main content was on a machine labeled 

“A” and the supplemental content was on a 

machine labeled “B.”

Today, almost all video content is digital 

and it is played back using a specialized 

computer called a media server that runs 

special software. A media server is very much 

like a computer fi le server, which stores and 

feeds computer fi les to another computer. 

The difference is that the media server’s 

software allows it to perform a number 

of special video-related functions such as 

keystone correction, color correction, edge 

blending, warping, pixel mapping, and 

special effects. These media servers are also 

often housed in rugged rack-mountable 

cases and usually have lots of RAM, a solid-

state hard drive, a very high-end graphics 

card, and other specialized hardware.

Media servers have been around almost 

as long as the desktop PC, but only relatively 

recently have they become standard on 

concert tours. Around 1999 or 2000, the 

fi rst DMX512-controlled, stand-alone 

media server, called Catalyst, was shown at 

LDI (Lighting Dimensions International 

entertainment lighting trade show). People 

instantly recognized the power of having 

the ability to control video from a lighting 

console, and the convergence of lighting 

and video began in earnest. Now, instead of 

needing to have a video director manually 

switching video content from a video 

switcher (A video switcher is a device, 

usually a desk, that takes video inputs from 

several sources and connects them to display 

devices, usually with crossfading and other 

effects.), suddenly there was another option, 

which is to program a lighting console to 

automatically switch the video by sending 

DMX512 channel control information to 

the media server.

Not only does this give the operator the 

ability to set up the video projection or 

display using tools like keystone correction, 

color correction, zoom, edge blending, 

and more, but it also allows the operator 

to control which picture or video is shown 

on which display at any point in time with 

precision timing. By changing the value of a 

single DMX512 control channel, each output 

of the media server can be changed to a 

fi le located in a certain fi le folder location 

residing on the media server. It allows 

the programmer to program fades across 

layers or across fi les, and to add transitions, 

picture-in-picture effects, and more.

It wasn’t very long after the appearance 
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Live events typically have one or more front-of-house cameras on a tripod or pedestal for long shots, handhelds, point-of-view cameras, and one or 
more camera cranes and/or jibs.

            . . . aspect ratio should 
match that of the display, or the 
picture will look stretched or 
compressed . . .
“ “
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of Catalyst that other media servers began 

to appear in the entertainment lighting 

industry, including ArKaos MediaMaster, 

Avolites Ai, coolux Pandoras Box, d3 

Technologies, Green Hippo Hippotizer, 

Martin Maxedia, PRG MBox, Show Sage 

Dataton, and more.

Video world
The other main components of a live video 

system are the video switcher (in the absence 

of a media server serving that function), 

processing, and display devices. If there is 

a lot of video on a show, there is likely to 

be an area designated “video world” where 

the video director and engineer sit side-by-

side and work the show. The video director 

usually directs the camera operators over 

headset while the video engineer tweaks 

the controls on the camera control unit 

(CCU) to make sure the pictures look 

their best. After setting up the cameras for 

white balance (making sure a white surface 

actually looks white on a reference video 

monitor), the video engineer typically shades 

the cameras or controls the iris settings to 

correct for over-exposure or under-exposure, 

while the video director routes the cameras 

or B-roll to the proper display at the proper 

time, typically using a combination of push 

buttons and a T-handle fader.

It’s important that the video director is 

able to see all of the sources at any point 

in time, as well as keeping an eye on the 

program output. Therefore, there are 

typically several video monitors, ideally one 

for each source and display. These monitors 

are calibrated so that they display colors and 

black and white levels properly, so that the 

video director can make critical judgments 

about the aesthetics of the program.

All of this gear, and more, typically 

resides in video world, and in the case of 

a touring show, it usually packs up neatly 

and compactly in fl ight cases. Those cases 

are commonly referred to as a “fl y pack” 

because they are designed to be fl own (or 

trucked) to a location.

The display devices can be LED panels, 

projectors, monitors, or anything that 

can be mapped with pixel information, 

like automated lights with RGB LEDs. 

The aspect ratio, or the ratio of the width 

compared to the height, and the resolution 

of the displays are an important part of the 

video specifi cations. Whether the content 

is acquired through cameras or created in 

software, the aspect ratio should match 

that of the display, or the picture will look 

stretched or compressed horizontally or 

vertically. Alternatively, there are ways to 

crop the content or to add black bars to 

compensate for a mismatched aspect ratio, 

but in a perfect world the content has the 

same aspect ratio as the displays on which 
           As we start using higher 
resolution displays . . . we need 
better codecs with more com-
pression.
“ “
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it will appear. There are almost as many 

different standard aspect ratios as there 

are standard resolutions, which is to say 

there are a lot. And many times a display 

can be built with a custom aspect ratio, in 

which case the content should be created or 

cropped to match.

Codecs and formats
Whether the content is live or canned, it’s 

important to understand the format of 

video as well as the type of compression, if 

any, that is being used. If you think about 

the data requirements of a video system, 

it has to be able to handle all the pixel 

information in a video frame times the 

number of frames per second being used. 

For example, 1080p is 1920 x 1080 pixels, or 

a total of 2,073,600 pixels in each frame. The 

frame rate (number of frames captured and 

replayed every second) can be 24 frames per 

second (FPS), 30 FPS, 50 FPS (in Europe), 

60 FPS, or as many as 1,000 FPS in fast-

moving sports productions. If there are 30 

frames per second, then that’s 62,208,000 

pixels per second, and in the current video 

standards, each pixel usually has eight bits 

of level information for red, eight bits for 

green, and eight bits for blue. That gives 

each color 256 levels from black to full on, 

for each color. And that means that a 1080p 

video system at 30 FPS has to process a total 

of 1,492,992,000 bits per second or about 

1.5 gigabits per second (GBS). Everything 

from the cameras and/or media servers to 

the displays has to be able to keep up with 

this data rate, and that’s usually not possible. 

That’s just too much data for our current 

systems to handle. Therefore, the data has 

to be compressed, meaning that some of 

the bits are taken out without affecting 

the quality of the picture, or with as little 

degradation in picture quality as possible.

When video is created or rendered, it is 

usually compressed before it is stored, and 

decompressed before being displayed. The 

type of compression/decompression scheme 

that is used is called a “codec.” There are 

lots of different codecs, some of which are 

lossless, meaning that all of the information 

that was removed can be restored, and 

some of which are lossy, meaning that some 

of the information that is removed is lost 

forever. There is a direct tradeoff between 

bandwidth requirements (how much data 

can be transported in a certain amount 

of time) and picture quality. The highest 

picture quality takes the most bandwidth, 

and sometimes there just isn’t enough 

bandwidth, so you might have to sacrifi ce 

at least some picture quality. For example, if 

you’re narrowcasting or podcasting, then it’s 

likely that the program will be viewed on a 

tablet or smart phone using 4G or wireless 

broadband, which has relatively limited 

bandwidth. So the program material would 

have to be highly compressed to stream it in 

real time. 

There are many different codecs, some 

of which are commonly used for particular 

applications like video acquisition, video 
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You already know that WATCHOUT from Dataton is the most versatile, powerful, seamless and truly amazing multi-display presentation software on the planet. Now there’s 
an equally amazing way to control, schedule and manage your WATCHOUT presentations, even remotely from an iPad or iPhone, with new WATCHNET.      WATCHNET 
can manage an unlimited number of WATCHOUT media servers plus power, lighting and other auxiliary functions, making it an ideal management solution for so many
installations including live performance, museums, television and trade shows.      Learn more about how WATCHNET and WATCHOUT can unleash your creativity in 
ways you never dreamed possible.

D A T A T O N  P R E M I U M  P A R T N E R

WWW.SHOWSAGE.COM
SALES@SHOWSAGE.COM
855-749-7243

LIVE THEATER
CONCERTS
FILM & TV
THEME PARKS
HOUSES OF WORSHIP 

MUSEUMS & ATTRACTIONS
VISITOR CENTERS
TRADE SHOWS
EXHIBITIONS
CORPORATE PRESENTATION & DISPLAY
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  Learn more about how WATCHNET 

with WATCHNET™

Now you can control itReason No. 1,233,550 to choose WATCHOUT®
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editing (called intermediate codecs), 

and content delivery. When you render 

video in editing software, you’ll have the 

option to choose a particular codec from a 

menu of hundreds with names like Apple 

Intermediate, Apple ProRes, Cinepak, DV, 

DVCPRO HD, H.261, H.263, H.264, HDV, 

JPEG, MPEG, MPEG-4, Motion JPEG, PNG, 

XDCAM, and many more. Some of these 

have several different versions. For example, 

there are fi ve different versions of Apple 

ProRes and six versions of DVCPRO HD.

To make matters even more interesting, 

there are also different container formats, 

some of which share the same name as 

a codec. For example, H.264 is a format 

with an MP4 extension as well as a codec. 

Some container formats, like Quicktime, 

can work with a variety of codecs. Some 

applications, such as media servers, have 

strict requirements for the types of codecs 

with which they will work, so the codecs you 

select often depend on the equipment you’re 

using and the application.

As we start using higher resolution 

displays, such as UHD or ultra high-def, the 

bandwidth requirements grow exponentially 

and therefore we need better codecs with 

more compression. One of the newest codes 

is HEVC (high effi ciency video coding), 

H.265. It is supposed to have about twice 

as much compression as its predecessor 

(H.264) and is supposed to be able to 

handle UHD (3840 x 2016) although some 

people dispute that and say it doesn’t do a 

great job at 30 frames per second. The jury 

is still out.

It’s important to know the options for 

interconnecting all of the video components 

from the source to the display. That’s what 

determines the types of cables to be used 

in a particular application. For example, 

the video cameras typically connect to the 

CCU with triaxial cable, which can transmit 

video signals up to 500 meters (over 1600') 

without degrading the signal. There are a 

variety of different connectors and cables 

that could be used, including SDI or HD-

SDI (BNC connectors), DVI, HDMI, and 

more, including fi ber optic cable.

Video has been around for about 80 years 

and it keeps improving. It will continue 

to evolve and there will be new codecs, 

displays, processing, and acquisition 

technologies to learn. As long as you 

understand the underlying fundamentals, 

you’ll be able to keep up with the changes. 
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