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THE AES/EBU DIGITAL AUDIO SIGNAL DISTRIBUTION STANDARD

BY MICHAEL ROBIN

The Audio Engineering Society (AES), together with the European Broadcasting  Un-
ion (EBU), developed a digital audio transmission standard known as the AES/EBU
standard as well as AES-1992, ANSI S.40-1992 or IEC-958. The transmission medium
is wire, which has a wide bandwidth capability and allows for the bit-serial transmission
of the digital audio data. The interface is primarily designed to carry monophonic or
stereophonic signals in a studio environment at a 48kHz sampling frequency and with a
resolution of 20 or 24 bits per sample. The bit-parallel data words are serialized by
sending the least significant bits (LSB) first. Word clock data is added to the bit stream
to identify the start of each sample in the decoding process.

The bit-serial data stream uses the non-return-to-zero (NRZ) coding. This means that a
low voltage indicates binary zero (0) and a high voltage indicates binary one (1). NRZ
results in the signal voltage remaining constant and not returning to zero between each
data bit. As a consequence, information about signal polarity needs to be transmitted to
correctly interpret the message. Because a single NRZ serial data stream contains no
information about the signal polarity, another coding format is required. The format

chosen is the Bi-phase Mark Code (BPM).
General structure of the AES/EBU interface protocol

The AES/EBU digital audio interface is designed to transmit two channels of digital au-
dio, each using between 16 and 24 bits per sample on an electrical wire. The original
AES/EBU standard specified the use of a twisted/shielded wire. A more recent version
specifies the use of 75Q2 coaxial cable.
The AES/EBU signal format has a structure shown in Figure 1.
The signal is transmitted as a succession audio blocks. Each block is made up of
192 frames numbered 0 to 191. Each frame is made up of two subframes, subframe A
and subframe B. Each of the subframes is divided into 32 time slots numbered 0 to 31
and combines sample data from one audio source or channel, auxiliary data, sync data
and associated data.
Time slots 0 to 3: These time slots carry one of the sync words denoted as X, Y or Z.
Sync word Z: This bit sequence indicates the start of the first frame of an audio
block.
Sync word X: This bit sequence indicates the start of all remaining frames.
Sync word Y: This bit sequence indicates the start of every B subframe.
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Figure 1. The AES/EBU digital audio data structure
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Figure 2. Conceptual block diagram of an AES/EBU
channel ncoder
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Figure 3. Formation of a bi-phase mark encoded
signal
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Figure 4. Spectrum of an AES/EBU digital audio signal

/' \ ) NAZ specoem
/ X / \ - P ey
\ s
.‘, ‘\ '
p \
/ / \
\
\ \
{ X X ¥ . - 'y
G AW N AN AR NS NN

Figure 5. Conceptual block diagram of an AES/EBU
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The sync words are not BPM encoded.
Their structure minimizes the DC
component on the transmission line
and facilitates clock recovery and sub-
frame identification as they are unique
in the data stream.
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EL PASO,TX CHAPTER 38 MEETING MINUTE
DATE 1/10/2012 LOCATION: COMO’S, El Paso

MEETING CALLED TO ORDER: 12:20 PM, BY ANTONIO CASTRO,
THERE WERE 13 MEMBERS..

REPORT OF THE SECRETARY: MINUTES ACCEPTED BY OWEN
SMITH, 2nd BY DON BOHRER

REPORT OF THE TREASURER: CURRENT BALANCE OF § 6,116.80
ACCEPTED BY GLENN LEFFLER, 2nd BY WARREN REEVES

REPORT OF THE CERTIFICATION COMMITTEE: NO OTHER THAN
GLENN LEFFLER HAS TO HAVE THE RE-CERTIFICATION TEST

REPORT OF THE MEMBERSHIP COMMITTEE: REQUESTED HELP
FROM ALL THE MEMBERS IN ORDER TO BRING NEW MEMBERS

REPORT OF THE FREQUENCY COORDINATOR COMMITTEE:
WARREN SHOWED THE LIST OF FREQUENCIES THAT CBS SENT FOR
THE SUNBOWL. HECTOR DELGADO TO GIVE FQCYS TO OWEN.

REPORT OF THE SCHOLARSHIP COMMITTEE: NO REPORT

REPORT OF THE WEB SITE COMMITTEE 928 HITS. IMPROVING THE
LOOK

REPORT OF THE EAS CHAIRMAN : TO CALL A MEETING FOR MOBILE
DEVICES AND A MEETING WITH RON HANEY

REPORT OF THE PROGRAM COMMITTEE: CHAIRMAN SET A GOAL
OF SIX PRESENTATIONS FOR 2012

UNFINISHED BUSINESS: T-MOBILE FQCYS FOR BAS, ONLY KVIA
AFECTED

NEW BUSINESS OR ANY ITEMS FOR THE CHAPTER INTERES:
MEMBERS APROVED THE INCREASE OF 5 USD FOR ENNES WORK-
SHOP FEES

NEXT MEETING DATE AND LOCATION: FEBRUARY 14,2012 @ KSCE
INSTALLATIONS AT NOON. LOOKING FOR A PRESENTATION ALONG.

MEETING ADJOURNED: AT 13:03 PM

Ross Dahman

President

say hello: 915.225.2499

need help?: 915.832.0100 x3
write: ross.dahman@huntleigh.net

Chase Bank Tower - Downtown
201 E. Main, Suite 100
El Paso, TX 79901

NOTES FROM THE EDITOR:

QAP (what is this?)....well, apparently
this is from the old Q-CODE used in ra-
dio telegraphy, and means:

STAND-BY, wait for me, don’t move,
hold it right there, aguanta !!!!
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Time slots 4 to 7: These time slots can carry auxiliary information such as a low-quality auxiliary audio
channel for producer talkback or studio-to-studio communication. Alternately, they can be used to augment
the audio word-length to 24 bits.

Time slots 8 to 27: These time slots carry 20 bits of audio information starting with LSB and ending with
MSB. If the source provides fewer than 20 bits, the unused LSBs will be set to the logical “0.”

Time slots 28 to 31: These time slots carry associated bits as follows:

Validity bit (V): The V bit is set to zero if the audio sample word data are correct and suitable for D/A
conversion. Otherwise, the receiving equipment is instructed to mute its output during the presence of
defective samples. This capability has not been implemented by all manufacturers, and some equip-
ment may not generate or verify the sample word validity.

User bit (U): The U bit in each subframe is sent to a memory array. The AES18-1992 recommended
practice specifies the format of the user data channel of the interface.

Channel status bit (C): The C bit carries, in a fixed format, information associated with each audio chan-
nel that is decodable by any interface user. Examples of information to be carried are length of audio
sample words, pre-emphasis, sampling frequency and time codes.

Parity bit (P): A parity bit is provided to permit the detection of an odd number of errors resulting from
malfunctions in the interface. The P bit is always set to indicate an even parity.

Figure 2 shows a conceptual block diagram of an AES/EBU encoder. Figure 3 shows how the BPM-encoded
signal waveform is obtained from an NRZ data stream. The NRZ is characterized by “ones” having a deter-
mined high value and “zeros” having a determined low value. This means that long strings of zeros and ones
have no transitions and result in difficult clock recovery in the receiver. BPM alleviates this condition by in-
troducing transitions in the middle of each “one” bit interval. At a 48kHz sampling rate, the total data rate is
32 x 2 x 48000 = 3.072Mb/s. The BPM encoding doubles the data stream rate to 6.144Mb/s. Figure 4 shows
the respective spectra. Figure 5 on page 28 shows a conceptual block diagram of an AES/EBU decoder.

Interface characteristics

Table 1 lists the characteristics of two types of interfaces: balanced and unbalanced. The original AES3-1985
standard defined the distribution of AES/EBU signals through a twisted-pair shielded audio cable. It speci-
fied a transmitter source impedance of 110Q and a receiver input impedance of 2502, and it stipulated that
up to four receivers could be connected in parallel across the audio cable. However, it gave no guidance on
precautions needed to be taken by the user or systems integrator. This resulted in difficulties with reflections
and standing waves, as the performance of the distribution link was unpredictable and depended on the wide
variety of installation conditions encountered in practice. The unpredictability is compounded by the loose
specification of the output signal amplitude, which puts an additional stress on the receiver. The standard
was revised and reissued as AES3-1992. This second version specifies a receiver input impedance of 1102
and warns against the use of more than one receiver across the feeding cable. The AES3id-1996 standard de-
fines the unbalanced 75Q impedance interface. This version recognizes the need to narrowly specify imped-
ance tolerances in terms of “return loss” and transmitter output signal levels and, if properly implemented,
results in a more predictable performance as it is based on well-known SDTV video signal distribution con-
cepts. However, most digital audio equipment is equipped with XLR connectors and conversion to BNC con-
nectors, including the use of 100Q2-to-75Q balun transformers and signal amplitude normalizers, must be
considered.

Michael Robin, a fellow of the SMPTE and former engineer with the Canadian Broadcasting Corp.'s engi-
neering headquarters, is an independent broadcast consultant located in Montreal, Canada. He is co-author
of Digital Television Fundamentals, published by McGraw-Hill and translated into Chinese and Japanese.
Send questions and comments to: michael robin@primediabusiness.com
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