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SUMMARY

This paper outlines the criteria for testing of vocoders at the William J. Hughes
FAA Technical Center.  This plan was originally published on the internet in
April of 1998.  It includes the evaluation plan including technical licensing
requirements.



TO: Prospective Offerors
SUBJECT: Request For Proposal (RFP) DTFA01-98-R-12345

The International Civil Aviation Organization (ICAO) intends to establish a standard vocoder algorithm for all
vocoders used in national and international air/ground Air Traffic Communications. In support of ICAO, the FAA
has agreed to evaluate technology in the area of voice coding equipment, commonly referred to as vocoders, to
determine applicability for use in national and international air/ground Air Traffic Communications.

Accordingly, you are invited to submit a proposal to the Federal Aviation Administration (FAA) for vocoder
evaluation, IAW Section L.6 of the solicitation package.  Proposals submitted will be evaluated IAW Section M of
the solicitation package.  Based upon the evaluation, the FAA will make a recommendation to ICAO for selection of
a vocoder algorithm to be used in an ICAO Standard and Recommended Practice (SARP) for vocoder use in national
and international air/ground Air Traffic Communications.

The FAA has no intention to enter into a contractual agreement based upon the responses to this solicitation,
however, based upon the FAA recommendations, ICAO may enter into a binding commitment to license patented
vocoder technology, or copyrighted subject matter, to all interested third parties for use in national and international
air/ground Air Traffic Communications.

This evaluation will be handled IAW the FAA Acquisition Management System (AMS), dated 7/2/97.  All
respondees are directed to the FAA AMS (see FAA Home Page at http://www.faa.gov OR
http://www.faa.gov/asu/asu100/acq-reform/acq_home.htm), specifically Section 3.2.2, Source Selection.

Offeror's are reminded that the FAA intends to make recommendations to ICAO based upon initial offers/proposals.
Therefore, offerors are cautioned to submit their best terms in their initial proposal/offer.  The FAA does reserve the
right to request additional information and/or additional/revised offers from the appropriate offeror(s), if deemed
necessary/appropriate.  Further, for an understanding of Communications with Offeror(s), see Section 3.2.2.3.1.2.2
of the FAA AMS.   All communications will be handled by the FAA Contracting Officer or Contract Specialist.

Under the cover of this letter, one (1) copy of the RFP is being transmitted.  All proposals shall be submitted IAW
Section L.6, Proposal Requirements, of the RFP.  For clarification purposes, offerors shall consider the terms
“solicitation”, "RFP", “RFI” and "SIR" to be interchangeable within the subject RFP.

The FAA will not pay (nor be responsible) for any costs incurred (administrative or otherwise) associated with any
response received from an offeror in response to this RFP.  Therefore, any and all costs associated with an offeror’s
response to this RFP shall be solely at the offeror’s expense.



                                                                   Page 2 of 2

Proposal/Offer submissions must be received at the addresses indicated in Section L.11 by 4:00 P.M., Eastern Time,
June 1, 1998.  Your submissions are subject to FAA AMS Clause 3.2.2.3-14, LATE SUBMISSIONS,
MODIFICATIONS, AND WITHDRAWALS OF SUBMITTALS (OCT 1996).

Proposals must be submitted IAW with FAA AMS Clauses 3.2.2.3-6, Submittals In the English Language (APR
1996) and 3.2.2.3-7, Submittals in U.S. Currency (APR 1996).

The FAA schedule for the vocoder evaluation is as follows:

FAA solicitation released 4/15/98
Offeror submittals 6/1/98
FAA evaluation completed 10/1/98
FAA recommendation to ICAO 11/1/98

Proposals/offers submitted by offerors will be evaluated IAW Section M of the RFP.  Any questions regarding the
subject RFP should be addressed to Mr. Daniel B. Lear at
(202) 493-4818.

Sincerely,

Daniel B. Lear
Contracting Officer

Enclosure



PART I - SECTION L
INSTRUCTIONS, CONDITIONS AND NOTICES TO OFFERORS

L.1 3.1-1  CLAUSES INCORPORATED BY REFERENCE (JUNE 1996)

This SIR incorporates by reference one or more provisions or clauses with the same force and effect as if they
were given in full text.  Upon request, the Contracting Officer will make the full text available, or the contractor
may obtain the full text via Internet from the Federal Aviation Administration (FAA) home page
(http://www.faa.gov).

(End of Clause)

The following FAA AMS contract clauses are hereby incorporated by reference:

CLAUSE # CLAUSE TITLE

3.2.2.3-1 False Statements in Offers (APR 1996)
3.2.2.3-2 Minimum Offer Acceptance Period (APR 1996)
3.2.2.3-3 Affiliated Offerors (APR 1996)
3.2.2.3-4 Samples (APR 1996)
3.2.2.3-5 Descriptive Literature (OCT 1996)
3.2.2.3-6 Submittals In The English Language (APR 1996)
3.2.2.3-7 Submittals in U.S. Currency (APR 1996)
3.2.2.3-8 Audits and Records (APR 1996)
3.2.2.3-9 Notice of Possible Standarization (APR 1996)
3.2.2.3-11 Unnecessarily Elaborate Submittals (APR 1996)
3.2.2.3-12 Amendments To Screening Information Requests (SIR) (APR 1996)
3.2.2.3-13 Submission Of Information, Documentation, And Offers (APR 1996)
3.2.2.3-14 Late Submissions, Modifications, And Withdrawals of Submittals (OCT 1996)
3.2.2.3-16 Restriction On Disclosure And Use of Data (APR 1996)
3.2.2.3-17 Preparation Of Offers (OCT 1996)
3.2.2.3-18 Explanation To Prospective Offerors (APR 1996)
3.2.2.3-29 Integrity Of Unit Prices (APR 1996)

L.2 Formal Communications

Information concerning this SIR or requests for clarification shall not be provided in response to offeror initiated
telephone calls.  All such requests shall be made in writing and submitted to the address provided below within
twenty-one (21) calendar days of the date of the SIR is released.  Written inquires received within this time frame
shall be answered in writing and provided to all vendors prior to SIR closing.  Written requests received by the
addressee after the time frame mentioned above may not be answered, and made available to the offerors, until
after the closing date of this SIR.  Furthermore, vendors should note that the SIR due date will not be extended
solely on the basis of questions received after the time frame mentioned above.



Formal communications such as requests for clarification and/or information concerning this SIR shall be
submitted to the address below:

Federal Aviation Administration
  ATTN: Mr. Daniel B. Lear, ASU-330
800 Independence Avenue, S.W., Room # 408
Washington, DC  20591

Note:  Inquiries shall be submitted via mail, federal express, or telefax.  Inquiries submitted via telefax shall be
followed up with a mailed copy of the inquiry.  Mr. Lear’s fax number is (202) 267-5149.  Mr. Lear’s phone
number is (202) 493-4818.

L.3 Price Data/Licensing Agreement

Price data, including licensing agreement information, of any kind shall only be included in Volume II of the
proposal.

L.4 Proprietary Data

Any data that may contain trade secrets, copyright data, and/or financial information which the offeror does not
want disclosed for any other purpose other than the evaluation of the proposal shall be marked in accordance with
FAA AMS clause 3.2.2.3-16, “Restriction on Disclosure and use of Data (APR 1996)”.

L.6  Proposal Requirements

1. General Proposal Requirements
a. Only one proposal from each offeror will be accepted.  Failure to conform to the requirements

of the RFP may form the basis to reject the proposal.
b. Each proposal shall be submitted as specified below.
c. When text other than existing commercial documentation is submitted, the pages are to be

typewritten, double spaced, no smaller than 10-pitch type, on standard 8 1/2" X 11".  Margins shall be at least one
inch on all four sides.

2. Specific Proposal Requirements
a. The proposal shall be prepared and organized in the following manner:

VOLUME I - TECHNICAL
SECTION CONTENTS PAGE LIMIT
   1 Introduction      2
   2 Technical Literature     N/A
   3 Decoder Equipment/OCT        N/A



VOLUME II - PRICING DATA
   4 Licensing Agreement     N/A

b. SECTION 1 - INTRODUCTION

This section should provide the following information concerning the company (or other business
entity): date of founding; place of incorporation (if applicable); key corporate officers (if a corporation); parent
firm (if a subsidiary); or other ownership (individual, partnership, other); location of home and field officies;
location and summary description of facilities; type of work in which the firm is engaged.

c. SECTION 2 - TECHNICAL LITERATURE

1.  Offeror’s shall provide encoder digital output and decoder digital input specifications.  (These
two points shall be necessary since it is envisioned that the coder selected as a result of this evaluation will
eventually undergo flight testing, and thus will need to be interfaced to a prototype radio at that time.)

2.  Offeror’s shall provide complete operating manuals.

d. SECTION 3 - DECODER EQUIPMENT/OCT

   Offeror’s shall submit 2 complete sets of their proposed decoder equipment for an Operational
Capability Test (OCT) no later than the date specified in section L.11 of the SIR.  The OCT will be conducted by
the FAA at the FAA Technical Center (FAATC), located at the address listed below.

FAA Technical Center
Atlantic City International Airport
  Attn: Mr. Jim Eck, ACT-300
Atlantic City, NJ  08045

The delivered decoder equipment have the following characteristics:
1. Equipment provided must interface with the WJHTC’s standardized test bed set up (see Attachment 1

(testbed.doc)).
2. The encoder and decoder shall be two separate units: RS422 in and out of the encoder, RS422 in and

out of the decoder.  (The test bed interfaces to be used are based on the US Department of Defense Digital Voice
Processing Consortium Test Fixture used in the DDVPCV 2400 bps vocoder trials).

3. Each unit shall be able to accept audio input and produce audio output on its own.

Offerors are cautioned that only the decoder equipment delivered to the OCT by the closing date of this SIR will
be evaluated by the FAA.  The FAA will not accept any decoder equipment after the SIR closing date.



e. SECTION 4 - LICENSING AGREEMENT

   Each offeror shall provide a proposed Licensing Agreement, as appropriate, for FAA
evaluation and ICAO consideration.

1.  If an offeror proposes reference decoder algorithm implementation data which includes the use of
patented technology or that requires the use of copyrighted subject matter, the offeror shall submit one of the
following:

a)  assurance, in the form of a general disclaimer, to the effect that a putative rights holder does not
hold and does not anticipate holding any patent that claims technology that is included in the reference decoder
algorithm implementation data or, if applicable, that the putative rights holder does not own any copyright of the
subject matter, the use of which would be required in using the reference decoder algorithm implementaion data in
national and international air/ground Ait Traffic Communications;

b)  a binding commitment that a license will be made available without compensation to any
person to copy, publish, distribute, transmit digitally, or adapt the copyrighted reference decoder algorithm
implementation data, for use in national and international air/ground Air Traffic Communications; or

c)   a binding commitment to license the reference decoder algorithm implementation data, in form
and substance acceptable to ICAO, to all interested parties for use in national and international air/ground Air Traffic
Communications under terms and conditions that are demonstrably free of any unfair discrimination or limitation of
access.

Any commitment under b) and c) above shall expressly be made for the third party benefit of any party
interested in a license for the decoder algorithm for use in national and international air/ground communications and
shall be enforceable by any such party.

2.  Each offeror shall provide a high-level algorithmic description that provides an overview of the
algorithm.

3.  Each offeror shall agree to execute standard license agreements with interested parties that will
provide (1) the rights to use the voice coder technology  in air/ground Air Traffic Communications applications,
and (2) a detailed algorithmic description of the voice coding algorithm.  This detailed algorithmic description shall
allow fully interoperable independent voice coder implementation to be produced by the interested parties.

4.  Each offeror shall submit a standard license agreement which includes all proposed terms, including
license costs (including any initial payments, and any per-unit royalty).



L.7 Operation Capability Test

L.7.1 Nature and Scope of the OCT

1.  The Operational Capabilities Test (OCT) is designed to verify the offeror’s decoder capability to
satisfy the following ICAO desired operational requirements:

a.  A maximum of 4800 bits per second (bps) operation (including all Forward Error Correction)
b.  80 millisecond  end to end processing delay
c.  An integer number of vocoder frames shall be equal to 120 milliseconds

 d.  Voice Quality

2.  The 4800 bits per second (bps) requirement will be verified by virtue of the proposed units ability to
interface with the FAA test bed.

3. The 80 millisecond end to end processing delay will be evaluated by playing an audio sample into the
unit under test, and capturing both the input and output signals on an oscilloscope.  The resulting waveform display
will indicate the delay through the vocoder.  The end-to-end processing delay will be measured from analog input
of the test bed to analog output of the test bed.  The inherent measured test bed delay will be subtracted from the
total processing delay.

4.  The integer number of vocoder frames shall be equal to 120 milliseconds, and shall be verified on the
FAA testbed.

5.  The voice quality shall be tested as follows:
A Panel of Air Traffic Controllers will participate in this portion of the testing.  These controllers will be

asked to record material in an audiometric (soundproof) booth.  While the Controller’s voice is being recorded,
there will be various aircraft background noise samples playing (see table 1).  The voice quality of these samples
(after being processed through each of the candidate vocoders) will be evaluated utilizing the Diagnostic
Acceptability Measure (DAM) and Diagnostic Rhyme Test (DRT).  See Attachment 2 (drtand~1.doc) for a brief
description of these tests.

Noise Type Level (dB/A) BER Data Rate (bps) Language
1 Turbo Prop 89 10^-3 4800 English
2 Jet 79 10^-3 4800 English
3 Helo 93 10^-3 4800 English
4 C-130 97 10^-3 4800 English
5 Turbo Prop 89 2x10^-2 4800 English
6 Jet 79 2x10^-2 4800 English
7 Helo 93 2x10^-2 4800 English
8 C-130 97 2x10^-2 4800 English
9 Turbo Prop 89 10^-3 4800 Japanese Accented English

10 Turbo Prop 79 10^-3 4800 Spanish Accented English
11 Turbo Prop 93 10^-3 4800 French Accented English *
12 Turbo Prop 97 10^-3 4800 Tunisian Accented English *
13 Turbo Prop 89 10^-3 4800 Japanese
14 Turbo Prop 89 10^-3 4000 English

Table 1. Noise Conditions for voice quality testing

*The accented English portions will include Spanish and Japanese accents and may be extended
to include French and Tunisian accents.



It is currently not planned to utilize the DRT in scoring accented English speech samples, test cases #9-
12.  As can be seen in the description of voice quality tests (Appendix A), the DRT consists of rhyming words that
differ only in their initial consonant with no surrounding contextual information.  It has been observed in listening
to the accented tapes provided to date, that this test is difficult to perform on such samples, even prior to the
speech sample has being processed through a vocoder.  For this reason, only a DAM scoring of the accented
English tapes is planned.

Also, test case  #13, Japanese language, is planned to be evaluated by using tapes submitted from JCAB
(Japan Civil Aviation Bureau).   The WJHTC will process these tapes in the vocoder test bed and return processed
material to JCAB for evaluation.

In the last test case (#14), the effective rate of the system will be 4000 bps. This will be accomplished
utilizing one of the following 2 methods: 1) by repeating one frame out of every six (this will reduce the bit rate by
1/6  or 4800 to 4000; or 2) by slowing down the test fixture clock to which the candidate vocoder syncs.

The WJHTC currently has a vocoder that has been through extensive Human Factors testing as well as
flight-testing.  The results of this previous testing will be used to establish a reference baseline against which all
vocoders will be evaluated.

Digital Audio Tapes (DAT’s) of three male and three female speakers using ATC phrases will be
recorded in the above conditions.  These tapes will be presented to each competing vocoder through the test
fixture, and the audio out of the test fixture will be recorded on digital tape.  The resulting tape will be sent out for
voice quality scoring.  Scores for each candidate will be compared to the reference baseline as well as all others
under test.

The FAA reserves the right to perform detailed examination of all decoder equipment delivered to the FAATC.

The FAA will provide a secure lab and storage facility suitable for objective testing and storage of the offeror’s
equipment.  The OCT will be conducted by FAA personnel and/or designated support contractors.

L.7.2 Offerors Responsibility at OCT

Offerors shall deliver 2 complete vocoder equipment sets to the aforementioned address (see section L.6) no later
than the closing date for this SIR which is specified in section L.11.  The FAA will provide a secure storage area
for offeror’s equipment.  Should unique set-up test equipment be required, it shall be supplied by the offeror.  



L.7.3 Offeror’s Equipment Risk at OCT

Offeror’s submission of their vocoder equipment for OCT is at the vendor’s risk and expense.  The FAA will not
pay for shipment, hardware/software, labor, or any other cost of the vendor associated with the offeror’s
submission of their system for OCT testing.  Offeror’s should understand that the OCT may result in distruction or
damage of their vocoder equipment, and shall accept this as their own risk.

L.7.4 Return of OCT Equipment

At the completion of OCT testing, the FAA will make the offerors’ OCT decoder equipment available for pick-up.
If offerors do not make arrangements to pick-up their equipment, the FAA will dispose of the equipment as it sees
fit.

L.8 Exceptions and Deviations

The offeror shall provide a full discussion and detailed explanation of any exceptions or deviations taken or
conditional assumptions made to any part of this SIR.  Any exceptions or deviations taken must contain sufficient
amplification and justification to permit evaluation by the FAA.  Exceptions or deviations will not, of themselves,
automatically cause a proposal to be termed unacceptable.

L.9 Pre-Recommendation Survey

The FAA may conduct a Pre-Recommendation Survey.  The following conditions shall apply to this Pre-
Recommendation Survey:

(a)  The offeror shall provide the necessary personnel, documentation and facilities to support, at no cost
to the FAA, a Pre-Recommendation Survey.

(b)  The Pre-Recommendation Survey, if required, will be conducted consistent with the factors outlined
in Section M of the RFP.

(c)   If required, the surveys will be conducted prior to the FAA recommendation to ICAO.  Normally
one (1) day for each offeror will be sufficient.  Detailed itineraries will be developed and distributed to the offeror
no later than two (2) weeks prior to the start of the Pre-Recommendation Survey.



L.10 Evaluation Personnel

The offerors are advised that the FAA may use non-Governmental personnel to assist, as advisors, in the
evaluation of proposals.  In particular, the FAA may use non-Governmental personnel to assist in the evaluation of
the Technical Equipment/OCT proposal.  These non-Governmental personnel will not have access to any licensing
information.  These companies are specifically excluded from participating as offerors under this SIR or any
extension of this SIR.  All of these companies have agreed to safeguard any sensitive information they may receive
as part of their evaluation of proposals.  The exclusive responsibility for recommendations to ICAO remains with
the FAA.

The following companies may be used as advisors in evaluation of the proposals:

CIE
600 Maryland Ave., SW
Suite 740
Washington, DC  20024

DYNASTAT Inc.
2704 Rio Grande, Suite 4
Austin, TX  78705

In order to assure that proposals (whether bearing a restrictive notice or not) are propery handled, the following
FAA notice will be placed on the cover sheet upon their receipt.

GOVERNMENT NOTICE FOR HANDLING PROPOSALS

This proposal shall be used and disclosed for evaluation purposes only, and a copy of the
Government notice shall be applied to any reproduction or abstract thereof.  Any authorized
restrictive notices which the submitter places on this proposal shall also be strictly complied with.
Disclosure of this proposal outside the Government for evaluation purposes shall be made only to
the extent authorized by the FAA Contracting Officer.

L.11 Time, Date, and Place for Submission of Proposals

(a)  Proposal Address:  The Technical Proposal (including Technical Literature and
Decoder/OCT equipment) shall be delivered to the address stated in section L.6, paragraph 2.d, of
the SIR.  The License Agreement  Proposal shall be delivered to the address stated in section L.2 of
the SIR.

(b)  Time and Date:  The Technical Proposal (including OCT Equipment), and the Price
Proposal must be received no later than 4:00 P.M. EST, on JUNE 1, 1998.



PART II - SECTION M
EVALUATION FACTORS FOR AWARD

M.1 General
1. Proposals will be evaluated against the criteria set forth below.  It is the offeror's responsibility to

provide information, evidence or exhibits that clearly demonstrate its ability to satisfactorily respond to the Section
L proposal requirements and the criteria listed below.

2. This evaluation will utilize the Best Value Approach for making a recommendation to ICAO.  The Best
Value Approach is a method of recommending the proposal that the FAA believes represents the greatest value to
ICAO, based on the evaluation of the license agreement and other criteria specified in the SIR.  This approach
provides the opportunity for trade-offs between the established criteria and does not require that the award be made
to either the offeror submitting the highest rated technical proposal or the offeror submitting the most favorable
licensing agreement, although the ultimate award decision may be either of these vendors.   Risks associated with a
offerors’ proposal will be considered in the final Best Value determination.

3. Communications with potential offerors may take place throughout the evaluation process, as required,
at the discretion of the FAA and/or ICAO.  All communication will be coordinated by the FAA CO.  The purpose
of communications is to ensure there are mutual understandings between the FAA and the offerors on all aspects of
the SIR, including the offerors' submittal/proposal.  Communications with one offeror shall not necessitate
communications with other offerors since communications will be offeror specific.  Communications shall not
require the FAA to request revised proposals (see FAA AMS Section 3.2.2.3.1.2.2).  Furthermore, the FAA does
not envision requesting revised proposals, though it does reserve the right to do so.



M.3  Recommendation Considerations
1. The FAA intends to make a recommendation to ICAO which recommends that responsible offeror

whose proposal is considered most likely to satisfy the requirements of ICAO and to be in the best interest of
ICAO, licensing agreement and other criteria considered.  ICAO reserves the right to determine which proposal
demonstrates the required competence for providing the reference decoder algorithm implementation data
described herein and offers the Best Value to ICAO.

2. There is no relative order of importance between the criteria listed below.  All the criteria listed below
are important and will be considered in the Best Value award decision.  Therefore, offerors are cautioned not to
minimize the importance of a detailed, adequate response to any criteria area.

3. Licensing agreement considerations may become increasingly more important as the difference in
technical ratings decrease.

4. Offerors are advised that the FAA intends to make a recommendation on the basis of initial proposal
submittals.  Therefore, offerors are advised to offer their most favorable terms and conditions in their initial
proposal.  Vendors are encouraged to submit questions concerning, or request clarification of, any aspect of the
SIR at the earliest opportunity prior to submission of proposals.

5. Information disclosed as a result of oral or written communication with an offeror may be considered
in the evaluation of an offeror’s submittal/proposal.

6. The FAA may use other information available to the FAA, to verify information provided within an
offerors' proposal.

7. Prior to the FAA recommendation to ICAO, the FAA reserves the right to conduct a pre-
recommendation survey of any offeror, if deemed necessary by the FAA Contracting Officer.  If a pre-
recommendation survey is conducted, it does not necessarily mean a offeror has been recommended to ICAO.

M.4 Evaluation Criteria
1. Technical Capability

a.  A maximum of 4800 bits per second (bps) operation (including all Forward Error
Correction).

b.  80 millisecond  end to end processing delay.
c.  An integer number of vocoder frames shall be equal to 120 milliseconds

 d.  Voice Quality
2. Licensing Agreement

a. Terms and conditions
b.  Payments/Royalties



M.5 Vocoder Requirements

It is expected that the FAA vocoder recommendation to ICAO will be for a vocoder that meets or exceeds all of
the technical parameters established in Section M.5.  However, ICAO reserves the right to waive (and/or
appropriately alter) any of these technical parameters, if it is determined to be the ICAO’s best interest to do so.
The FAA/ICAO shall have no obligation to notify other offerors of any offeror specific waivers, exceptions or
deviations.  See Clause L.8., Exceptions and Deviations.



Attachment #1: Vocoder Test bed interface documentation

NOTE:  FAA Vocoder Testbed electrical interface is equivalent to that defined below, with the
exception that the FAA implementation is intended for use with a 4800-bps vocoder not a
2400-bps vocoder

Appendix A to “Factors for Selection”:
Consortium Test Fixture for 2400-bps Coder

Testing

USAF Rome Laboratory

February 28, 1995

Introduction: The Consortium Test Fixture (CTF) is the sole device through which a candidate vocoder is connected
to the host laboratory testing and recording facility.  The fixture

1. passes 16-bit linear, 8kHz sampled speech into and out of the coder,
2. passes 2400-bps coded speech into and out of the coder,
3. allows the host laboratory’s channel simulator to introduce bit errors, frame errors and delay into the coded

speech stream,
4. provides A/D and D/A conversion, for use in real time communicability testing and in other cases where the

input material is in analog or DAT form,
5. allows the host laboratory to introduce 8-kHz sampled speech stored in digital form, and to record the digital

speech output from the coder directly to disk, and
6. allows operation with a 4800-bps reference coder (CELP)

The test fixture consists of a single box to which a real-time full duplex candidate coder is connected, forming one
end of a bidirectional speech communication link.  The physical connection between the candidate and the test
fixture is a single 25-pin connector.  A Consortium-supplied channel simulator connects the Consortium Text
Fixtures at the two ends of a conversation, as in Figure 1; each CTF is connected to one of the two real-time full
duplex coders provided by the coder developer.  For informal checkout without any channel simulation, a direct
loopback connection can bypass the channel simulator as in Figure2.



Figure 1: DoDDVPC Test Configuration

In addition to separating the analog interface from the coders, the Consortium Test Fixture is intended to simplify the
task of coder developers in two ways.  First it acts as a unified clock source for A/D and D/A conversions and for the
communication channel, freeing the coder developer from the necessity of adjusting for drift between different
clocks.  This adjustment is necessary in real coders, but we do not consider it significant in this coder evaluation.
Second, it provides frame-level synchronization information to the coders, freeing the coder developer from the
necessity of extracting the synchronization information from the coded bit stream.

Description of serial signals: The connection between a candidate coder and the Consortium Test Fixture (CTF)
uses 12 balanced RS-422 signals, arranged in groups of 3 (Table 1).  They all appear on one male DB25 connector
on the CTF; pin assignments are shown in Table 3, and Figure 4 shows the electrical interface used for all signals
through this connector between the test fixture and the coder.

Each group of three signals provides an independent one-way serial data stream.  On all these serial streams, data
will be passed in 16-bit units, defined by the “framing” signal remaining high for 16 successive bit times (Figure 3).
In each case, serial data is valid on the falling edge of its clock.  Transitions for the data signal and the framing signal
occur at the rising edge of the clock.  The high-order bit is always transmitted first.

On the A/D and D/A streams, the framing signal is an 8-kHz pulse train with a pulse width of 16 bit times.  On the
communication channel streams, the framing signal is a 400-Hz pulse train, again with a width of 16 bit times.  The
400-Hz rate accommodates any coder frame size that is a multiple of 2.5 ms. The A/D and D/A data streams contain
nothing but actual data, 16-bit linear samples 8000 times a second.  The communication channel data stream, by
contrast, consist of 16-bit packets (400 times a second) containing both 6 bits of coded speech data and 10 bits of
control information; see table 2.  In other words, the 2400 bits per second of coded speech are to be passed in and
out of the coders 6 bits at a time, 400 times per second.
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Signal Name Source Description

CPCM_XF
CPCM_XC
CPCM_XD

Test Fixture
Test fixture
Coder

Framing signal for D/A data
Clock for D/A data (@ 500kHz)
PCM linear D/A data from coder to CTF

CPCM_RF
CPCM_RC
CPCM_RD

Test Fixture
Test Fixture
Test Fixture

Framing signal for A/D data
Clock for A/D data (@500 kHz
PCM linear A/D data from CTF to coder

CDR_XF
CDR_XC
CDR_XD

Test Fixture
Test fixture
Coder

Framing signal for coder-to channel data
Clock for coder-to channel data (@500 kHz)
Coder to channel data from coder to CTF

CDR_RF
CDR_RC
CDR_RD

Test Fixture
Test Fixture
Test Fixture

Framing signal for channel –to-coder data
Clock for channel-to-coder data (@500 kHz)
Channel-to-coder data from CTF to coder

Table 1: Signals Between Candidate Coder and Test Fixture

Of the 10 control bits, the first is used to mark the “beginning of frame,” and the second is a “burst error” flag for the
associated 6 coded speech bits.  The other 8 bits are reserved for future Consortium use, and should be set to 0 by the
candidate coder.  The “beginning of frame” bit allows the channel simulator to identify frame boundaries, and will be
passed on the receiving coder to identify the beginning of each coded speech frame.  However, the candidate coder
will still be required to reserve a synchronization bit in the data stream as demanded by the Terms of Reference; for
uniformity, this bit will be the first bit in each frame, i.e., the high-order bit among the first 6 coded speech bits in the
frame.  The channel simulator will zero this bit to guarantee that it is not being used to carry information.  The “burst
error” bit is used for block error testing; it is set by the channel simulator to indicate that the corresponding 6 data
bits have been corrupted with a 50% error rate, i.e., they contain no information.  (For information about the block
error conditions that will be tested see the main body of the DDVPC “Factors for Selection” document.)  Table 2
shows a sample data stream for a coder operating with a frame size of 17.5 ms (42 bits per frame).

16-bit datum Notes

1e00 0000 00sd dddd

0e00 0000 00dd dddd

0e00 0000 00dd dddd
0e00 0000 00dd dddd
0e00 0000 00dd dddd
0e00 0000 00dd dddd
0e00 0000 00dd dddd

s = Bit reserved for synchronization,
dddd = Remainder of first 6 bits of frame,
e = burst error flag for these 6 bits
dddddd = Second 6 bits of frame,
e = burst error flag for these 6 bits
dddddd = Third 6 bits of frame
dddddd = Fourth 6 bits of frame
dddddd = Fifth 6 bits of frame
dddddd = Sixth 6 bits of frame
dddddd = Seventh 6 bits of frame

1e00 0000 00sd dddd
0e00 0000 00dd dddd
. . .

sddddd = First 6 bits of second frame
dddddd = Second 6 bits of second frame
. . .

Table 2: How Coded Speech Data is Packed (example for 17.5-ms frame)

A/D and D/A characteristics: Both A/D and D/A converters are 16-bit linear.  The A/D converter1 is a delta-sigma
converter with 64X oversampling followed by digital filtering.  The lowpass filter’s frequency response (see Figure
5) is 3 dB down at 3670 Hz and 18 dB down at 4000 Hz.  The D/A converter2 has an 8X oversampling filter

                                                          
1 Crystal Semiconductor CS5336
2 Crystal Semiconductor CS4328



followed by a 64X oversampled one-bit delta-sigma modulator; the filters’s response (see Figure 6 is 3 dB down at
3920 Hz and 12 dB down at 4100 Hz.  Neitrher the A/D nor the D/A channel has a highpass filter.

Restart capability: For communicability testing, it will be necessary to switch coders without an undue waiting
period to start up a different coder.  Therefore each coder will be required to have some sort of quick-restart
capability; a “reset” button would be ideal, but a keyboard command would be an acceptable alternative.  It should
not be necessary to turn off power to a host computer just to restart the coder.



Figure 2: Informal Checkout Setup, One Coder, No
Channel Simulation

Figure 3: Serial signal timing (both sampled and coded speech)
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Signal Source + Pin - Pin

CPCM_XF
CPCM_XC
CPCM_XD

Test Fixture
Test Fixture

Coder

1
2
3

14
15
16

CPCM_RF
CPCM_RC
CPCM_RD

Test Fixture
Test Fixture
Test Fixture

5
6
7

18
19
20

CDR_XF
CDR_XC
CDR_XD

Test Fixture
Test Fixture

Coder

4
8
9

17
21
22

CDR_RF
CDR_RC
CDR_RD

Test Fixture
Test Fixture
Test Fixture

10
11
12

23
24
25

Table 3: Pin Assignments on Test Fixtures Connector to Coder

Figure 4: Example RS-422 Interface Circuits and Terminations Between Fixture and Coder
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Figure 5: A/D Converter Lowpass Filter, Transition Band

M
ag

ni
tu

de
 (

dB
)

0

-10

-20

-30

-50

-40

-60

-70

-80

-90

-100

-110

Frequency (kHz)

4.0 4.5 5.0

Figure 6: D/A Converter Lowpass Filter, Transition Band



Attachment #2: Description of voice quality tests

Diagnostic Rhyme Test (DRT)

The DRT is one of the ANSI standards for measuring the intelligibility of speech over communication systems
(ANSI S3.2-1989). The test materials consist of 96 rhyming monosyllable word pairs (i.e. veal-feel) that were
selected to differ in only their initial consonant. These differences are categorized into six distinctive features and
scores in each of these categories provide information on diagnosing system deficiencies. These six scores are
averaged together to provide an overall measure of system intelligibility. The listener's task is to respond to the
stimulus by indicating which of the two rhyming words presented before him was spoken.

Diagnostic Acceptability Measure (DAM)

The DAM is a method for measuring the subjective quality or acceptability of voice communications systems or
links. It incorporates a number of unique features. First it combines both a direct (isometric) and an indirect
(parametric) approach to speech quality evaluation. Thus, the listener has an opportunity to indicate directly not only
how acceptable a speech sample is, but to independently indicate to what extent various perceived qualities are
present in the sample without regard to how they may affect his evaluation of acceptability. Though two listeners
may disagree on their overall acceptability rating of a speech sample with background noise, they would be more
likely to agree on how much noise was present in the speech sample.
A second feature is that the DAM requires the listener to make separate ratings of the speech signal itself, the
background, and the total effect. A listener makes a total of 21 ratings during the course of a speech sample. Ten
ratings are concerned with perceptual qualities of the signal, eight ratings are concerned with the perceptual qualities
of the background, and three items are concerned with perceived intelligibility, pleasantness, and overall
acceptability. These 21 ratings are combined to produce a CAE for reporting purposes.


