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from each of the remote multicast transmit units in real
time, at full bandwidth and minimum latency. A com-
mand center station coupled to a first output of the mul-
ticast receiver/server for distribution of the program con-
tent segments via a satellite broadcast network interface
to one or more affiliated stations and a second output of
the multicast receiver/server via a third party network in-
terface for streaming distribution to the affiliated sta-
tions.
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PORTABLE BROADCAST SYSTEM ACCOMMODATING MULTIPLE REMOTE
USERS

Technical Field

The present invention generally relates to radio and television broadcasting systems
and more particularly to apparatus for originating and processing for broadcast audio

and video program content via the Internet or other communications network.

Description of the Prior Art

The concept of multiple remote, program originating terminals transmitting live program
content via Audio over Internet Protocol (AolP) is known in the art. In a typical system,
the remote terminals feed program content to a host station or server for distribution or
broadcast to recipient receivers. The remote terminals for providing these services are
generally technologically advanced and therefore tend to be expensive, limited
production units that require technically trained personnel to install and use them for
their intended purpose. Many of such conventional units, though capable of high quality
audio content, tend to be limited in bandwidth to the minimum necessary for the

program content expected to be processed by the equipment.

in certain systems that contemplate originating and processing audio and video
program content of the highest quality in real time and requiring very high bandwidth,
there are no known practical choices for remote terminals available at reasonable costs,
in particular in a system that contemplates scores of remote locations or even several
hundred remote locations, all feeding live content to a host server for broadcast in real
time. The costs of currently available equipment are prohibitive for gystems comprising
hundreds of remote stations or feeds, for example including news gathering

organizations that broadcast live reporting at numerous distant locations.
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Ancther example is a large scale sporting event such as Olympic competitions,
championship matches or fournaments, etc. Further, it is impractical to expect all
personnel manning the remote locations to be technically proficient in installing or
setting up their remote terminal equipment in preparation for producing a live report to a
central host location for integration into a broadcast program or network, Moreover,
such remote terminal units must be fully compatible with the receiving equipment in
bandwidth, and in the ability to receive and coordinate live feeds in real time from
hundreds of remote units. In addition, like the remote units, it would be an advantage if
the central receiving equipment may be operated with a minimum of technical support in

supplying live program feeds to a variety of distribution and broadcast networks.

A principle disadvantage of prior art remote broadcast terminal equipment is its
complexity and requirement for trained personnel, and its high cost that prohibits its use
in a system or network consisting of hundreds of mobile and readily reconfigurable
remote terminals. Further, many of the prior art devices have excessive latency - a
disadvantage in systems where high quality of both audio and video is essential, as in
systems processing live program content originating from many locations. Moreover,
since it is impractical in such systems {o have trained technical personnel at every
remote, the equipment must be easy to set up and use fo provide live feeds operated by

non-technical operators.

There is thus a substantial need for remote terminal equipment that has very high
handwidth capacity in processing audio and video program, is configured to be plug-
and-play - installed and used as a portable unit by non-technical personnel, is fow in
cost to permit economical manufacture and use in systems that include hundreds of
remote terminals, and which can also be used in slightly modified form as receiving
stations for integration into distribution and broadcast networks and the like.
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Description of the Preferred Embodiment

Accordingly there is provided a system for simultaneously distributing program content
originating from hundreds of remote locations, comprising 1 to N multicast transmit units
each having at least one program input coupled to an individual audio or video program
content source providing a program content segment, and a communication interface
output coupled to a global network such as the Internet, wherein N may be = several
hundred units; a host muilticast receiver/server coupled to the Internet via an input
communication interface and configured to receive and coordinate transmitted program
content segments from each of the 1 to N remote multicast transmit units in real time, at
full bandwidth and minimum latency; and a command center station coupled to a first
output of the multicast receiver/server for distribution of the program content segmenis
via a satellite broadcast network interface to one or more affiliated stations and a
second output of the multicast receiveri/server via a third party network interface for

streaming distribution to the affiliated stations.

In one aspect there is provided herein a device called an IP Multicast Box that is
primarily designed {o be used as a remote broadecasting terminal - ie., a remote
muilticast transmit unit for originating live audio and video program feeds to be
transmitted to a central receiving location for distribution and rebroadcast to receiving
locations. The IP Multicast Box - also named herein as a terminal device -when used
as the central receiving unit by slight change in its configuration becomes a host
multicast receiver/server unit. Through a novel combination of components and
software, some existing, some created originally for this invention because it did not
previously exist, the unit is portable, and easy to install and use by non-technical
personnel. The unit requires only a power supply, a program content input for audio or
video, and an output for coupling to a global network such as the Intermnet. The unit in
either configuration is also low in cost yet capable of state-of-the-art performance,
particularly in terms of its wide bandwidth and low latency that provides very high quality
and seamiess, real time fransmission to the central distribution location.
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in one embodiment, the remote multicast fransmit unit is a portable, self-contained
transmission terminal for originating program content from remote locations to be
streamed over a global network, which comprises, in combination a microcomputer
system having a program input, internal memory, an external memory port, and a
communication interface output; a sound or video card coupled between a program
source device and the program input for supplying program content, an external
memory coupled to the external memory port, an ethernet interface in the
microcomputer system coupled to the communication interface outputf; an operating
system stored in the internal memory for configuring and controlling the microcomputer;
a suite of application programs stored in the external memory for supporting a plurality
of operations; and a CODEC operable in the microcomputer to encode and decode the
program content processed by the microcomputer with very low latency.

In ancther embodiment the host multicast receiverfserver is a portable, self-contained
receiving terminal for receiving program content to be streamed over a global network,
comprising a microcomputer system having a program input, internal memory, an
external memory port, and a communication interface input; an external memory
coupled to the external memory port; an operating system stored in the internal memory
for configuring and controlling the microcomputer; a suite of application programs stored
in the external memory for supporting a plurality of operations; a CODEC operable in
the microcomputer to decode and encode the program content processed by the
microcomputer; an ethernet interface in the microcomputer system and coupled to the
communication interface input for receiving program content transmissions from one or
more remote terminal devices; and first and second outputs respectively for providing a

streaming data connection fo a global network terminal and a sound or video card.
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Brief Description of the Drawings

Figure 1 illustrates a systemn block diagram of a multicast broadcast system using the P
multicast apparatus of Figures 2 and 3 according to a preferred embodiment of the

present invention;

Figure 2 illustrates a simplified block diagram of a multicast unit configured as a remote

transmit device according to a preferred embodiment of the present invention; and

Figure 3 illustrates a simplified block diagram of a multicast unit configured as a host

receiver/server or central receiving station according to the present invention.

Best Mode for Carrving out the Invention:

INTRODUCTION

Described herein is apparatus that provides an advance in the state of the art for remote
broadcasting equipment. The invention is embodied in a device called an IP Multicast
Box that is primarily designed to be used as a portable remote broadcasting terminal for
originating live audio and video program feeds. The deficiencies of the prior art pointed
out herein above are overcome by the combination of careful design of the architecture
of the system (including selection of its components) and the 1P Multicast Box, and the
custom software needed to operate these elements together in the most efficient

manner, such that technical expertise is not required to use the system.

Briefly, in use the program content is processed for transmission, preferably via an
internet connection, to a single unit at a central receiving location for distribution and
rebroadcast to receiving locations. The IP Multicast Box - also named herein as a
remote multicast transmit unit or as a host multicast recelver/server unit - may thus be

used as either the remote unit or as the central receiving unit by only a slight change in
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its software configuration. Through a novel combination of components and software,
some existing, some created originally for this invention because it did not previously
exist, the unit is portable and easy to install and use (plug-and-play) by non-technical
personnel. it is also low in cost yet capable of state-of-the-art performance, particularly
in terms of its wide bandwidth and low latency that provides very high quality sound (or
video) and seamless, real time transmission to the central distribution location. The
invention, and the system in which it is intended fo be used, are especially adapted to
live broadcast of events that require the processing of live program content originating
from many remote locations and transmitted via the Internet to a host receiver/server for
distribution via Internet broadcast to multiple recipients. Examples include large-scale
sporting events, conferences, educational assemblies in on-line courses, global news-

gathering situations, to name just a few.
DETAILED DESCRIPTION

Figure 1 illustrates a block diagram of a system of a plurality of remote multicast
transmit units coupled via a global communications network such as the Internet to a
single host multicast receiver/server unit, which is in turn coupled to a user command
center work station having an input coupled to a first output of the host multicast
receiver/server. The command center 32 is provided for processing the distribution of
the program content segments from a first output via a satellite broadcast network
interface to one or more affiliated stations and a second output of the multicast
receiver/server via a third party network interface for streaming distribution to the
affiliated stations. The IP multicast system 10 (multicast system 10} may, as a practical
matter, include up to N = 500 remote multicast transmit units 12, each coupled to a
global communications network 20 such as the Internet via a suitable link 22, which in
turn may be coupled via the Internet 20 through a suitable link 24 to a single host
multicast receiver/server 30 operated in conjunction with the user command center 32
(workstation 32). Because of the architecture of the multicast transmit 12 and receive

30 units, which as will be described (see Figures 2 and 3) share some of the same
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hardware components, and the custom scftware engineered to operate them, the host
multicast receiver/server 30 may receive program content signals from all of the N
remote multicast fransmit units 12 simultaneously with minimal latency. In other words,
the host server unit can handle up to 500 multicast transmit units. This capability
enables live broadcast of events wherein large numbers of remote sources may
originate program content for coordination and transmission to any of a variety of

raceiving stations and affiliates without noticeable speech delay.

The program content may originate, for example as baseband audio - analog or digital -
from a microphone 14 {or other originating source such as recorded audio, a video feed,
other recorded program segment, etc.) connected to an input of each multicast transmit
unit 12. The host multicast receiver/server 30 communicates with a user command
Center 32 via the bidirectional link 42 between them. The user command center 32
provides outputs to a content codec encoder 34 to generate streaming program for a
satellite feed 38, and a third party distribution processor 36 for sending program content
via a 3G/4G network. Both encoder 34 and satellite feed 38, and processor 38 provide
finks to receiving stations and affiliates as required for the particular program content

being broadcast.

Figure 2 illustrates a simplified block diagram of one embodiment of a basic, plug-and-
play, IP Multicast Box 200 (not separately shown) configured as a remote multicast
transmit unit 100 according to a preferred embodiment of the present invention. Figure
3 depicts an [P multicast Box 200 configured as a host receiver/server unit 150
according to the preferred embodiment. 1t will become apparent that the 1P Multicast
Box 200 is a dual-use device - a compact, portable apparatus that is used in either a
transmitter or receiver configuration depending upon the software programmed into its
EEPROM chips is configured. As shown | Figures 2 and 3 both versions of the IP
Multicast Box apparatus share the same hardware and most of the software. In brief,

referring to Figure 1, the transmit unit 12 (112 in Figure 2) processes program content in
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a recording mode while the receiver/server unit 30 (152 in figure 3) processes program

content basically as a playback mode.

The 1P (for Internet Protocol) Multicast Box 200 is assembled from selected high
performance but low cost components that are modified with custom software to provide
the novel functionality to enable it to provide the broadcast services required for evenis
that can originate a large number of live feeds fo a single host for distribution to
receving stations and affiliates. Further, the 1P Multicast Box 200 as configured and
described herein combines exceptional performance and unusual simplicity of use in a
single device. The latter atiribute is exemplified by the fact that it requires only three
connections: to a program source of audic {or video) such as a microphone; to a
connection to the Internet (or other global communication network) via an Ethernet/USB
link; and to a power supply such as a battery. The user does need to be technically
trained or skilled, an important advantage of the invention that facilitates its use in the

kind of broadcast system that originates from a large number of remote sites.

Continuing with Figwre 2, a remote configuration of the IP Multicast Box 200 as a
multicast transmit unit 100 is shown including its constituent components a
microcomputer (uC) system 112, an SD card 114 that functions as external memory
connected to the microcomputer system 112, and a sound card 116, which may also be
connected to the microcomputer system 112 via respective USB interfaces 130, 132,
The microcomputer system 112 includes an operating system 120, preferably a Debian
and Arch Linux ARM (asynchronous response mode) for implementing an OPUS Codec
122 and its accompanying encoding/decoding algorithms. A software component called
Darkice 124 operates as a transport vehicle for the OPUS compressed audio program
content originating at the remote transmit unit 100 such as from a microphone 118 or
other source device. The SD card 114 provides external storage for a suite 140 of
application programs to be described.

Figure 3 iflustrates a simplified block diagram of one embodiment of a basic, plug-and-
play, IP Multicast Box 200 configured as a host multicast receiver/server 150 (or central
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receiving station 150) according to the present invention. The block diagram of its
constituent components includes a microcomputer (uC) system 152, an SD card 154
connected to the microcomputer system 152, and a sound card 156, which may also be
connected to the microcomputer system 152 via USB interface 172, The host multicast
receiver/server 150 receives compressed audio {or video) content sent from each one
of up to several hundred remote transmit units 100 via the Internet (See global network
20 in Figure 1) at an Ethernet interface 166 under the control of a software compenent
called an lcecast transport vehicle 164. The microcomputer system 152 includes an
operating system 160 preferably in this embodiment a Debian and Arch Linux ARM
(asynchronous response mode) for implementing an OPUS Codec 162 and its

accompanying encoding/decoding algorithms.

The program content originating at the remote transmit units 100 may be provided by a
microphone 118 or other source device connected to each remote multicast transmit
unit 100. The 8D card 154 provides external storage for a suite 180 of application
programs to be described. The host muiticast receiver/server 150 further includes
connections to a user command center 158, which may preferably be a Windows PC
configured with automation software to control and coordinate sending the compressed
audio/video program content to a link to a satellite feed via a decoding/re-encoding unit
such as a Barix Extreamer 500 ("Barix Box 90") for broadcast. The user command
center 156 may also provide the program content via 3G or 4G cellular networks for
distribution to concurrent listening locations. Further, a sound card 158 may also be
coupied to a USB output 172 of the microcomputer system 152 for supplying baseband

audio to appropriate transducers (not shown).

Each multicast unit 200 (remote transmit unit 100, host receiver/server unit 150)
includes a respective suite of software applications for controlling various functional
aspects of the respective remote or host unit in the system. In general both multicast

units 100, 150 contain the same hardware and software, Except as noted above, the
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software 140, 180 is stored in the respective SD cards 114, 154, and includes the

following components.

{(A) For the sound card - programmed EEPROM chip and software/driver/codec; allows
connection to peripheral microphone, communication to USB port, communication with
the primary board (microcomputer 112 or 152), and partial A/D conversion of the input

analog signal.

(B) Loaded in the SD memory card 114, 154 are a number of software components - (1)
the base operating system used in a non-GUI (graphical user interface) mode,
programmed to facilitate all software interaction by running automatically the custom
software and scripts to eliminate the need for end-user interaction; {2) communication
interface between the SD card 114, 154 itself and the primary board 112, 152, the
sound card 116, 156, the Ethernet controller 126, 166, and the peripheral ports; and (3)
the software that compiles the code for the OPUS/MP3 codec encoding.

(C) The EEPROM chipset 128, 168 is flash programmed through an interface on the 8D
card 114, 154 for timing pulse intervals, assist in packet delay, calculating network
response times and communicating through system RAM for data associated with the
audio controller and D/A conversion. There is one difference in the software on the
respective SD cards 114, 154 in that the host multicast receiver/server unit 150 is
programmed 1o receive program content (i.e., as a “listener”), and the remote multicast

transmit unit 100 is programmed {o transmit program content.

The custom software developed for the P Multicast Box includes the following
programs. in general, these functional components may be stored in the SD card and

called as needed.

A data controller, which resides within a library accessed from a raw storage server,
interfaces and integrates an 120 peripheral and clock functions; and communicates with

an Audio Data Controller (ADC) and a Master Analog Controller in the 1P Multicast Box.
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The data controller also funclions as a packet loss concealer, provides seamless
patching of audio after realtime analysis of post-encoded audio in a buffer-staged
holding pattern to ensure true-to-form source-to-destination audio without realized

dropout or packet loss.

A capture controller is used to sample and convert raw audio (analog and digital)
packets and relay the converled data in systematic packet delay for processing and

controlled buffer state through the playback controller.

A RAM preparation controller initializes random access memory on an empty-process
charting configuration fo take advantage of unused process allowances to enable
encoding in real time the data forwarded to the sound card and through the audio
encoder (OPUS).

An interlink code is a binding code platform used to effectively cross-communicate
between standardized hardware and cerfain proprietary software/code layers. The
interlink code contains elements of ALSAMACK/Linux/Application drivers/ and DMA
controllers. The binding code is not centralized or actively running; rather, it initiates on
demand and scales to accept incoming audio or to process controllers for outgoing

digital audio for deployment.

A staging and deployment codec establishes a direct VPN (virtual private network) link
in a swarm configuration from "device-to-hive” technology (this is to facilitate the remote
transmit IP Multicast Box - o the receiver/server IP Multicast Box link). The codec uses
an algorithm to find open channels to source and reverse-VPN connect, thereby
eliminating the necessity for implementing a port-forwarding and approval standard in
most client/host communications.

Regarding the user command center 32, custom software on the Windows PC runs a
virtual Linux distribution. It is also responsible for processing incoming audio (program

content) stream organization, decoding OPUS codec, A/D conversion, timing, oversll
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network connectivity to program streams, sound optimization, player for the OPUS
codec on non-implemented systemns, etc. The content codec encoder 34 for the
satellite feed 38 may be an audio over IP device such as, e.g., a Barix model Extreamer

500 unit available from www.banxoom,

CONCLUSION

While the invention has been shown in only one of its forms, it is not thus limited but is
susceptible to various changes and modifications without departing from the spirit
thereof. As described herein there is provided a preferred embodiment of a system and
apparatus for simultaneously distributing program content originating {transmitted) from
hundreds of remote locations, comprising 1 to N multicast transmit units each having at
least one program input coupled to an individual audio or video program content source
providing a program content segment, and a communication interface output coupled to
a global network such as the Internet, wherein N may be = several hundred units; a host
multicast receiver/server coupled fo the internet via an input communication interface
and configured to receive and coordinate transmitted program content segments from
each of the 1 to N remote multicast transmit units in real time, at full bandwidth and
minimum latency; and a command center station coupled to a first output of the
multicast receiver/server for distribution of the program content segments via a satellite
broadcast network interface to one or more affiliated stations and a second output of the
multicast receiver/server via a third party network interface for streaming distribution to

the affiliated stations.

The system disclosed herein thus combines selected off-the-shelf components - both
hardware and software - with custom software designed to control the processing,
interfacing, and communication of the data throughout the system linked together via
the Internet. 1t is a novel system in that the same architecture is used for both transmit
(remote) and receive (server) operation and that the same one-for-one bandwidth (e.g.,
from one source to one recipient) accommodates the program data from multiple

sources or multiple recipients. Moreover, the latency is reduced far below prior art
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ISDN communication links through judicious selection and utilization of components
(such as the OPUS codec and the “icecast” and “darkcast” transport vehicles that
facilitate the audio over IP data) that eliminates latency bottlenecks. The system also
readily accommodates adaptation {o operation via 3G/4G networks in regions that lack
Internet connectivity.
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1. A system for simultaneously distributing program content originating from hundreds of

remote locations, comprising:

1 to N multicast transmit units each having at least one program input coupled fo an
individual audio or video program content source providing a program content segment,
and a communication interface output coupled o a global network such as the Internet,

wherein N equals the number of multicast transmit units;

a host multicast receiver/server coupled o the Internet via an input communication
interface and configured to receive and coordinate transmitted program content
segments from each of the 1 fo N remote multicast transmit units in real time, at full

bandwidth and minimum latency; and

a user command center coupled to a first output of the multicast receiver/server for
distribution of the program content segments via a satellite broadcast network interface
to one or more affiliated stations and a second output of the multicast receiver/server

via a third party network interface for streaming distribution to the affiliated stations.

2. The system of Claim 1, wherein a multicast transmit unit comprises:

a microcomputer system having a program input, internal memory, an external memory

port, and a communication interface output;

a sound or video card coupled between a program source device and the program input
for supplying program content;

an external memory coupled to the external memory port;
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an ethernet interface in the microcomputer system coupled to the communication

interface output;

an operating system stored in the internal memory for configuring and controlling the

microcomputer;

a suite of application programs stored in the external memory for supporting a plurality
of operations; and

a CODEC operable in the microcomputer to encode and decode the program content

processed by the microcomputer.

3. The system of Claim 2, wherein the microcomputer system comprises:
a Raspberry Pi single-board microcomputer; and

an lcecast software module for streaming audio content from the sound card.

4. The system of Claim 2, wherein the operating system comprises:

a Debian/Linux-based operating system.

5. The system of Claim 2, wherein the external memory comprises:

an SDIO - compatible memory card.
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8. The system of Claim 2, wherein the sound card comprises:

a generic sound card configured for interfacing with the microcomputer and its operating

system.

7. The system of Claim 2, wherein the CODEC comprises:

an OPUS CODEC having a bit rate of at least 510Kbits/sec, a sampling rate of at least

48KHz, and latency not to exceed 22.5 msec for a frame size of 20msec.

8. The system of Claim 1, wherein the host muiticast receiver/server comprises:

a microcomputer system having a program input, internal memory, an external memory

port, and a communication interface input;
an external memory coupled to the external memory port;

an operating system stored in the internal memory for configuring and controiling the

microcomptder;

a suite of application programs stored in the external memory for supporting a plurality
of operations:

a CODEC operable in the microcomputer to decode and encode the program content
processed by the microcomputer;

an ethernet interface in the microcomputer system coupled to the communication
interface input for receiving program content transmissions from one or more remote

terminal devices; and
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first and second outputs respectively for providing a streaming data connection to a

global network terminal and a sound or video card.

9. The system of Claim §, further comprising;

a sound or video card coupled between the second output and a remote system having

a playback transducer;

10. The system of Claim 8, further comprising:

a user command center coupled to the first output for processing the program content

for distribution via a communication link to distribution affiliate nodes.

11. The system of Claim 10, wherein the user command center comprises:
a Windows-configured personal computer or workstation; and

automation software for controlling transmission to the distribution affiliate nodes.

12. The system of Claim 10, wherein the affiliate nodes include any one or more of
satellite transmission stations, cable fransmission stations, internet servers, celiular

hubs, and Internet portals.
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13. The system of Claim 8, wherein the microcomputer includes:

a Darkice software module for streaming program content to a streaming server.

14. The system of Claim 1, wherein the user command center comprises:

a work station computer including operating system software, display, keyboard and

mouse, and a graphical user interface;

an automation program software for managing and coordinating program content

segment distribution;
an audio or video decompression and processing means; and

a system security firewall administrator.

15. The system of Claim 14, wherein the satellite broadcast network interface

CoMmprises:
a point-to-point VolP Codec encoder; and

a serial output port and interface for coupling to a satellite uplink provider.
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16. The system of Claim 14, wherein the third party network interface comprises:
a browser,;
a software-based streaming processor; and

a communications interface coupled to the global network.

17. The system of Claim 1, wherein:

the multicast transmit unit and the host muilticast receiver/server unit are identical as to
the combination of hardware components and differ only with respect to whether custom
software is configured for operation in a transmit or receive mode and whether program

content processing is configured for record or playback;

installation and operation of the multicast transmit unit requires only connections to an

audio or video source, the global network, and a power supply; and

installation and operation of the multicast receiver/server unit requires only connections

to the global network, the GLN command center, and a power supply.
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