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Overview

The Interactive VOice eXchange (IVOX) software application provides real-time interactive voice communication over computer data networks.  IVOX uses advanced voice compression techniques to maintain very low data rates.  This allows useful voice communication over existing computer network connections without a significant impact on other data communications (i.e. email, file transfer, etc).  IVOX provides a simple graphical user interface for call setup and management.  IVOX allows for cross platform interoperability with versions for Windows 95/NT, Linux, Sun SPARCStation, Silicon Graphics, and Hewlett Packard workstations.  Support for Digital Equipment Corporation (DEC) and Apple MacOS platforms is in development.

Theory of OPeration

IVOX currently operates over Internet Protocol (IP) packet switched data networks.  As with other IP services (email, file transfer, world-wide web), this allows for operation over networks supporting a large variety of connection types (e.g. Ethernet, FDDI, dial-up connections, etc) such as the global Internet, the military’s Secret Internet Protocol Router Network (SIPRNET), etc.  IVOX’s low data rate operation makes real-time interactive voice communication possible across almost any type of network connectivity.

IVOX digitizes voice using the computer’s built-in audio hardware and then compresses the audio data using speech compression to continuous data rates as low as 600 bits-per-second (BPS).  Additionally, IVOX employs a silence detection technique to reduce the average data rate to even lower rates.  For example, IVOX uses the Federal Standard 1015 Linear Predictive Coding (LPC) speech compression to achieve a data rate of 2400 BPS.  With silence detection removing the gaps between words or during pauses in speech, the typical measured data rate during active portions of conversational speech is reduced to approximately 1300 BPS.  Longer pauses and exchanges in conversation make the longer term average data rate much lower than this (Note:  Some additional data capacity must be allocated to allow for network protocol overhead).

The compressed voice data is packaged into User Datagram Protocol (UDP) packets and transmitted over the network.  In most current IP networks, IVOX voice data packets are treated no differently than any other data in the network.  However, IVOX supports operation with the newly emerging Resource Reservation Protocol (RSVP) which will become widely supported in hosts and routers, and allow IVOX to request guaranteed bandwidth from the network to retain good voice quality with minimal delay on highly loaded networks.  IVOX employs adaptive buffering and packet re-sequencing to minimize end-to-end delay while maintaining good voice quality on current IP networks which provide unpredictable packet ordering and data delivery delays.  

IVOX adaptively adjusts its buffering and voice playback to overcome significant jitter in network data delivery.  Additionally, IVOX supports a non-real-time communication mode which allows for limited interactive voice exchange in cases where network connectivity does not support even the modest data rate requirements of IVOX.  In this mode, each speaker is given a turn of up to 30 seconds.  IVOX delays the voice playback until the complete speech segment is received.  Normally, the adaptive real-time communication mode is sufficient, but the non-real-time mode is provided for extreme cases where it is known a priori that the network will provide insufficient throughput to support IVOX real-time voice communication.

IVOX has been demonstrated using operational Navy satellite communication (SATCOM) links which support other IP data traffic for ship-to-shore communication.  IVOX has also been demonstrated at the Naval Research Laboratory simultaneously providing real-time voice communication along with other IP data services such as email, world-wide web, and file transfer over a mobile High Frequency (HF) radio network which supported resource reservation capabilities.  IVOX is currently being demonstrated providing workstation-to-workstation voice communication over the various network connections that are part of the Joint Warrior Interoperability Demonstration (JWID) 1995.

FEATURES

Graphical User Interface

IVOX features a simple, easy-to-use graphical user interface for call setup and management.  The main window of IVOX is illustrated in Figure 1.  To place a call to a remote IVOX terminal, the user types in the name of the remote host (or dotted decimal IP address) and clicks on the “CALL” button.  The remote user is notified of the pending call with a ringing sound, and is given the option of accepting or rejecting the call.  The IVOX user interface roughly follows the paradigm of placing a normal telephone call.  If the remote IVOX terminal is busy, the caller is notified.  “Caller ID” is provided in the hostname display for incoming calls.  Other telephone-like features such as “call waiting” and “voice mail” are planned for future versions of IVOX.
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Fig. 1 - IVOX Graphical User Interface Main Window

As an integral part of the user’s workstation environment, IVOX can potentially offer many features beyond that of a simple telephone service.  This includes voice messaging integrated with other electronic mail services, and cooperation and direct synchronization with other teleconferencing tools such as video, white boarding, and other collaborative software.  

Point-to-Point and Conference Calls

IVOX supports unicast (point-to-point) and multicast (conferencing) IP communications.  Point-to-point calls are accomplished with a telephone-like paradigm.  Ivox allows multiple, simultaneous point-to-point calls (and multicast conferences) to be active at one time.  

IP multicast routing allows conferences with potentially hundreds (or more) participants receiving network traffic while making efficient use of communication resources (i.e. network traffic is duplicated only when absolutely necessary).  To create an IP multicast conference in IVOX, the participants need to agree on an IP multicast address (e.g. 224.x.x.x) in advance.  The participants then join the conference by entering the IP multicast group address into IVOX’s “Remote Host” text field and click on the “CALL” button.  Participants may join and leave the conference any time at will.  The host workstations and routers take care of the rest.  

IVOX can also operate with the commonly used “Session Directory” (sdr) application which is used for establishing and advertising IP multicast conferences on the Internet multicast backbone (MBONE).  IVOX may be launched by sdr with command line options specifying the IP group address, packet time-to-live (ttl), and voice compression parameters for the conference session.  Internet world-wide web servers and browsers such as Netscape™ and NCSA Mosaic are also beginning to include support for initiating IP multicast conferences.  Routers in the path(s) between conference participants must support IP multicast forwarding and group management.  Major commercial router vendors are now including support for IP multicast as a standard router feature.

Multiple Voice Compression Rates and Communication Modes

IVOX supports voice compression algorithms which operate at 2400, 1200, 800, and 600 BPS.  IVOX is also capable of operating with external voice compression hardware.  For general purpose use, the 2400 BPS algorithm is the best choice.  This provides intelligible speech with modest throughput requirements.  The lower throughput, lower quality algorithms are provided for situations where the lowest data rate possible is necessary.  And, as mentioned previously, IVOX provides a non-real-time mode to allow for limited interactive voice communication when the network is not capable of supporting real-time voice at any data rate.  Future versions of IVOX will support higher data rate, higher quality voice coding techniques for operation on high throughput network connections.

Full-duplex and half-duplex communication modes are supported.  With full-duplex operation, any party may speak at any time.  A mode which enforces a half-duplex discipline on the users is provided for point-to-point operation.  This half-duplex discipline facilitates productive conversations over long-delay network connections.

Hardware Requirements

The current version of the IVOX software (Version 2.3.2b) is available for Windows 95/NT and Linux Intel-based PCs, Sun SPARCStation (SunOS 4.1.x and Solaris 2.x), Silicon Graphics, and Hewlett Packard computer workstations.  No additional hardware is required.  IVOX uses these workstations’ built-in audio hardware.  However, improved speech quality can be attained with the use of a higher quality microphone than what is typically provided by the workstation manufacturer.  Additionally, use of headphones or an external speaker system allows for improved sound quality over the workstations’ built-in speakers.

IVOX also supports operation with external voice compression hardware.  This reduces the load on the workstation CPU during voice communication.  The prototype hardware currently used connects to the computer via the serial port.  It is envisioned that the hardware compression circuitry could be packaged as a plug-in bus card (e.g. EISA, PCI, PCMCIA, etc)  depending on the workstation requirement.  Use of the voice compression hardware has allowed IVOX to operate on platforms with no built-in audio capability (e.g. the TAMPS ACE VME).

NEWLINK Global Engineering is currently completing a version of IVOX to run on Apple Computer, Inc. MacOS compatible platforms.
For More Information

IVOX is based on software originally developed by Brian Adamson and Joe Macker at the Naval Research Laboratory (NRL) as an experimental application for voice communication on research data networks comprised of wireless, radio frequency (RF) connectivity.  This was done for the Office of Naval Research (ONR) for the NATO Communication Systems Network Interoperabilty (CSNI) project and NRL’s Data/ Voice Integration Advanced Technology Demonstration.  Portions of the protocol IVOX employs were developed in cooperation with other NATO participants as part of the CSNI research project.  Ivox has also been used in demonstrations (and in some cases operationally) for the  Tactical Aircraft Mission Planning System (TAMPS) program, the Joint Deployable Intelligence Support System (JDISS) program, and the Synthetic Theater of Warfare 1997 (STOW 97) ACTD.  NEWLINK Global Engineering Corporation has further enhanced IVOX and is supporting it as a commercial product for widespread demonstration and use.  
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