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Abstract 

Floorman is a new concept for television production. It is a portable cable-free 
picture monitor, which allows the Director, the Floor Manager, or any other 
member of the production team to view the shot from any camera wherever they 
are on the studio floor. 

Any video signal can be shown on Floorman, including the latest wireless 
cameras, the output from the production gallery, VT playback, the scrolling text 
from the teleprompter, and the live network feed. 

Multiple video channels can be shown on screen via the mosaic feature so that 
the user can view several camera channels simultaneously. Floorman takes 
advantage of established broadcasting technology, namely DVB-T, MPEG video 
and COFDM transmission. 
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FLOORMAN - FREEING THE DIRECTOR FROM THE 
PRODUCTION GALLERY 

R.H. Evans & R.R. Bills 

BBC Research & Development, UK 

ABSTRACT 
Floorman is a new concept for television production. It is a portable cable-
free picture monitor, which allows the Director, the Floor Manager, or any 
other member of the production team to view the shot from any camera 
wherever they are on the studio floor. 
Any video signal can be shown on Floorman, including the latest wireless 
cameras, the output from the production gallery, VT playback, the scrolling 
text from the teleprompter, and the live network feed. 
Multiple video channels can be shown on screen via the mosaic feature so 
that the user can view several camera channels simultaneously. Floorman 
takes advantage of established broadcasting technology, namely DVB-T, 
MPEG video and COFDM transmission. 
 

INTRODUCTION 
In the making of a multi-camera TV programme, the Director needs to stay in touch with the 
key production staff and be able to view the camera shots and other sources on TV 
monitors. This has traditionally confined the director to the production gallery. With advances 
in wireless technology[1] it is now possible for the director to operate from the studio floor 
and liaise with the production staff and performers directly. 
This paper describes a new concept in TV production - the Floorman wireless video 
monitoring system, which allows the Director (or any other member of the production staff) to 
view multiple video sources - camera shots, teleprompter, VT playback, off-air - while still 
being able to move around the studio floor. This is particularly useful for the more complex 
sequences, enabling the Director to get onto the studio floor, close to the action. 
Floorman uses a broadcast system, in which many video channels are transmitted across 
the studio floor simultaneously. There is, therefore, no limit to the number of Floorman 
handheld receivers that can be operated simultaneously within the same studio. Everyone 
can view their own preferred channel  - so while the Director is comparing the shots from 
cameras 2 and 3, the Floor Manager can be checking that the teleprompter is ready to roll. 
Floorman can also carry multiple audio channels - such as production talkback, individual 
microphone channels, and network audio, which are output on a headphone socket. 

REQUIREMENTS 
In developing the Floorman system, the main requirements were identified as follows: 

• multiple video channels 

• efficient use of bandwidth 



• low coding delay 

• many independent users 

• ability to view multiple channels simultaneously 

• low cost, lightweight, easy to use, handheld receiver 

Possible approaches 
A Floorman-like system could be implemented using any number of wireless technologies. 
One system often considered for wireless applications is the 802.11 (WiFi) wireless 
networking group of standards. While these can carry video, and are very simple to use with 
no licensing requirement, they are constrained by working to a standard which is primarily 
intended for non-real time data transfer.  
The WiFi standards are aimed at applications requiring high bit rates but low power and 
short range. While the lack of licensing is attractive in terms of flexibility, cost, and 
administration, the downside is that the user has to share the band with an uncontrolled 
number of other users operating in the same few channels. For a real-time system this could 
mean periods of unavailability. 
Another option is the DVB-T standard, which allows far more flexibility in terms of operating 
frequency, output power, and bandwidth. 
BBC R&D has considerable expertise in the area of DVB-T having built the world's first UHF 
COFDM modem for the UK DTT platform in 1996. This was then followed by chipset 
development in collaboration with the US company LSI Logic to produce a COFDM 
demodulator chip (the L64780) which was used extensively in early consumer set-top boxes 
and in a BBC R&D designed professional measurement receiver. Further collaboration with 
LSI saw continuing development of higher-performance more-integrated demodulator chips, 
with the final version (the L64782) able to handle a dual-antenna diversity configuration[2]. 
This earlier DTT work, and in particular the developments in antenna diversity showed that 
the COFDM modulation method could be used to good effect in the multipath-rich 
environment of a television studio. The remaining challenges were how to keep the coding 
delay down to a reasonably short duration and how to provide simultaneous viewing of 
multiple channels. 

Bitrate considerations 
While DVB transmissions aimed at domestic viewers typically achieve video bit rates of 
around 4Mbits/sec per service, this is through the use of a long MPEG GOP (Group Of 
Pictures) which results in considerable coding delay. In a Floorman system where the 
director is both watching the action live on the studio floor, and also watching the shots from 
the various cameras via the Floorman screen, it is important that there is very little delay 
between the two. For this reason we are restricted to I-frame only coding, and therefore the 
bit rate is likely to be much higher. 

Multiplexing options 
The conventional method of sending multiple video channels (programme streams) involves 
coding each of the video channels through separate MPEG coders, then multiplexing these 
different streams (at the packet level) into a single transport stream, which is then 
transmitted over the air. At the receiver, the required programme stream is then selected 
from the multiplex and decoded. 



Figure 1. The prototype Floorman receiver 
  with 7” LCD panel 

While this works well for TV broadcasting, if this approach was followed for Floorman then 
we would require a separate and costly MPEG coder for each video source/channel. 
Furthermore, to be able to display a quad (a composite of many pictures) would require 
either that we: 

• transmit an additional fifth video channel which is already pre-formatted as a quad, or 

• decode all four video channels at the receiver (requiring four MPEG decoders) and 
generate a quad locally, or 

• remotely select the quad channel video input to the coder (which means that one user 
would then dictate what the other users see, and the "super-user's" receiver would 
then require a data transmitter. 

Therefore the requirements of multiple video channels, narrow bandwidth, a simple receiver, 
with multiple users suggests that the simplest method of implementation would be to transmit 
just the quad signal, and then at the receiver either display the full quad or display a quarter 
of the original quad electronically enlarged to fill the whole screen. The enlarging process will 
of course halve the available resolution, but this is not a major problem in a hand held device 
where the screen size and resolution are lower than is normally used in television. 
Of course while we have concentrated on a four-way composite “quad”, other multi-channel 
formats are possible  

Display resolution 
The Floorman system was aimed at 
producing a handheld/portable device 
using a small LCD screen. The 7” 
(175mm) widescreen TFT LCD panels 
which currently dominate the market 
are those used in consumer devices 
such as portable DVD players, in-car 
sat-nav etc. The majority of these use a 
480 pixel x 234 line display (often 
quoted as 1440 x 234) and while they 
are below the resolution normally 
associated with broadcast TV, they are 
approximately equal to the resolution 
achieved by the quad enlarging process 
in the receiver. Therefore these LCD 
panels are well suited for use in a 
Floorman receiver. 

SYSTEM DESCRIPTION 
Given the limitations described above, the most appropriate implementation is a base station 
that accepts 4 video inputs, combines them into a video quad, MPEG encodes the resulting 
single video signal and then transmits it to multiple receivers where any quarter of the picture 
can be enlarged to fill the screen. 
In the studio production environment it is convenient to split the base station into two major 
units; the video processor (typically located within the studio technical area, with access to 
the studio video sources) and the RF modulator unit (fitted to the studio wall or gantry near to 
the transmitting antenna). The two parts of the base station can then be connected using the 
ASI format, over a single studio tie-line. Figure 2 shows the base station block diagram. 



Figure 3. The diversity tuner/demodulator card  
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Figure 2.   Base station block diagram 

Base station architecture - video processor 
The main purpose of the base station is to create a Single Program Transport Stream 
(SPTS) containing a composite quad picture. In addition, it also needs to generate captions 
for each incoming video source, encode several audio signals, and encrypt the transport 
stream. For applications where more than four video channels are required, two Programme 
Streams could be combined into one Multi-program Transport Stream (MPTS), allowing 8 
channels to be carried within a single 8MHz wide UHF channel as 2 separate quads. 
Alternatively, for applications involving a large number of video channels, and where more 
spectrum is available, it would be a simple matter of using multiple SPTS, with each 
transport stream carried in its own separate UHF channel. 

Base station architecture - RF unit 
The transmitter is a conventional UHF COFDM modulator based on FPGA technology. An 
ASI input from the video processing unit is passed to the modulator board, and the output 
from this is then upconverted directly from digital I/Q to UHF using a frequency agile 
synthesiser. A UHF amplifier operating with considerable back-off is then used to achieve 
the necessary power output level. 
If the Floorman system is operating on 
channels adjacent to other users (for 
example radio-microphones) then a 
channel filter is used to provide additional 
suppression of any IP shoulders. 

Receiver architecture 
The receiver is a dual-antenna diversity 
configuration, using two helix antennas 
feeding identical RF front-ends tuned to 
the same frequency. The baseband 
signals from the tuners are passed to the 
twin L64782 demodulator chips, which 
automatically handle the diversity 



 
Figure 4.  A Director on location 

   with Floorman 

function and provide maximum ratio combining of the two signals. Following the COFDM 
demodulation and error correction, an MPEG decoder module decodes the bit stream to 
provide video, and a FPGA with external SRAM provides the quarter to full-size video zoom 
conversion. 
Initially, the receiver was based on conventional can tuners, but subsequently we have tried the 
silicon tuner approach, which provides a much more compact solution, as shown in Figure 3. 

ENCRYPTION AND SECURITY 
One of the concerns with some potential users was the security of the DVB-T transmission. 
If Floorman used an unencrypted DVB-T compliant system, the signal could (intentionally or 
unintentionally) be picked up by a nearby set-top box. As we have control over a complete 
closed system there are a number of methods for reducing the chances of eavesdropping. 
Scrambling the MPEG transport stream at the base station and descrambling it within the 
FPGA of the receiver would restrict reception to genuine Floorman receivers only. 
In addition, we can allocate a unique identification number to each genuine receiver and 
transmit a series of authorisation codes enabling only certain receivers to operate. Any 
receiver which becomes lost can be deleted from the authorisation list held on the base 
station control. This also prevents an unauthorised user from purchasing their own Floorman 
receiver and using it to monitor the transmissions. 

SPECTRUM 
In the UK, the UHF broadcasting band (470-850 MHz) is primarily allocated to terrestrial TV 
broadcasting, but also on a secondary basis to (generally low power) programme making 
services, such as radio-microphones, talkback and point-to-point audio links. This is the 
obvious band for a Floorman system which is based on consumer chips and tuners, and in 
effect Floorman is serving as a form of “video talkback”. 
The coordination and licensing for UK TV programme making is handled by the JFMG (Joint 
Frequency Management Group) who ensure that low power devices can co-exist with the 
primary users of the band. For example, in the 
London area we frequently use UHF channel 45 
(666MHz) for the Floorman system inside a 
studio, although this is also used by several 
UHF terrestrial broadcast transmitters 
elsewhere in the country. As Floorman requires 
just 10mW to provide complete coverage in a 
studio, frequency coordination is not a problem.  

PROGRAMME TRIALS 
The Floorman system has been trialled and 
demonstrated at various studios and locations 
throughout the BBC with great success. A 
studio or indoor location shoot is well known to 
be a difficult environment for wireless 
systems, but the trials and demonstrations 
have shown that even in venues of up to 40 
metres by 40 metres, with a well placed 
transmitting antenna, the reliability of the link 
is not a problem. 



 
Figure 5.  A tablet PC used as a Floorman receiver 

One of our most successful trials was a period dance programme shot at the Hofburg Palace 
in Vienna. This multi-camera production involved an orchestra and dancers located 
approximately 200 metres from the mobile control room. 
The Floorman system enabled the director to monitor the dance sequences from the dance 
floor and give immediate direction, saving valuable production time. Although the director 
had not used a Floorman receiver before, he found the touch screen interface “totally 
intuitive” and had no problem adapting to the new way of working. 

FUTURE DEVELOPMENTS 
While we have developed the Floorman receiver as a dedicated hardware device, much of 
the functionality of the receiver can be found in a tablet or notebook PC which has the 
necessary LCD panel, battery / power management system and many even have a touch 
sensitive screen. 
With the addition of a commercial 
DVB-T tuner module (available in the 
Cardbus / PCMCIA format) and MPEG 
decoder software running on the PC's 
processor, a portable PC can be 
converted into a Floorman receiver. 
The screen resolution of tablet / 
notebooks with 14.1" XGA LCD 
screens is generally around 1024 
pixels x 768 lines - far greater than that 
used in standard definition television, 
and so they can comfortably display a 
Floorman quad. 
On the down side we have found that 
the RF sensitivity on some PC cards is not as good as a dedicated Floorman receiver - 
although this could be compensated for by increasing the transmitter power. The PC cards 
use only a single antenna, so there is no possibility of using antenna diversity reception, and 
using the software supplied with the card, the MPEG transport stream cannot be encrypted. 
Nevertheless, the highly competitive PC market has driven down the cost of a budget 
notebook PC to under £600, and with the cost of a DVB-T receiver card at under £100 it can 
be turned into a Floorman receiver for little outlay. Of course there is no reason why both PC 
versions and dedicated Floorman receivers cannot be used together on the same 
(unencrypted) system. 

SUMMARY 
The Floorman system offers TV Directors a new way of working, and enables them to get 
the shots they want more quickly and more easily. Anyone else on the studio floor can stay 
in touch with what is happening. 
Floorman takes advantage of existing standards in DVB-T to provide a rugged wireless link 
and uses novel techniques to allow multiple video channels to be viewed simultaneously. 
There are many more applications for portable wireless production monitors, both in the 
studio and out of doors. Commentators at the side of the football pitch can view multiple 
camera angles, presenters can watch VT playback to assist with continuity, and film directors 
can view the camera shots from a different part of the set, all without the problems of 
cabling. 
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