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Method and Apparatus for watermarking an audio signal

Technical field

The invention relates to a method and to an apparatus for
watermarking an audio signal taking also into account sur-

rounding noise.

Background

Audio watermarking is the process of embedding in an in-
audible way information into an audio signal. The embedding
is performed by changing the audio signal for example by
adding pseudo-random noise or echoes. To make the embedding
in-audible, the strength of the embedding is controlled by a
psycho-acoustical analysis of the signal. At receiver side,
the watermark can be detected by performing correlation with

a pseudo-random noise bit sequence.

Summary of invention

The main challenge of current audio watermarking systems is
the robustness against microphone pickup. Especially if
there is surrounding noise, it is very difficult to detect
the watermark in a watermarked signal that is played back

via loudspeaker.

A problem to be solved by the invention is to provide im-

proved watermark detection capabilities for microphone audio
signals picked-up in the presence of surrounding noise. This
problem is solved by the method disclosed in claim 1. An ap-

paratus that utilises this method is disclosed in claim 7.
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The inventive improvement of watermark detection in water-
marked microphone audio signals picked up in the presence of
surrounding noise is achieved by using at encoder side not
only the originally received signal for the calculation of
the masking threshold and the watermarking strength, but by
also taking into account the level of the surrounding noise.
This enables an adaptation of the watermarking strength to
the current sound pressure level (SPL) of the surrounding
noise. If the SPL of the surrounding noise is increased, the
watermarking strength will be increased accordingly. The re-
sulting advantage is a significantly improved audio water-

mark detection in the presence of surrounding noise.

In principle, the inventive method is suited for watermark-
ing an audio signal, including the steps:

- receiving an audio signal and receiving surrounding noise
signal or data about a surrounding noise signal;

- calculating a masking threshold for said audio signal,
wherein said masking threshold is to be used for embedding
watermark payload data and related error correction data,
and wherein for calculating said masking threshold the char-
acteristics of said audio signal as well as the characteris-
tics of said surrounding noise are taken into account;

- embedding said watermark payload data and said error cor-
rection data into said audio signal and providing the corre-

spondingly watermarked audio signal.

In principle the inventive apparatus is suited for water-
marking an audio signal, said apparatus including:

- means being adapted for receiving an audio signal and for
receiving surrounding noise signal or data about a surround-
ing noise signal;

- means being adapted for calculating a masking threshold

for said audio signal, wherein said masking threshold is to
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be used for embedding watermark payload data and related er-
ror correction data, and wherein for calculating said mask-
ing threshold the characteristics of said audio signal as
well as the characteristics of said surrounding noise are
taken into account;

- means being adapted for embedding said watermark payload
data and said error correction data into said audio signal
and for providing the correspondingly watermarked audio sig-

nal.

Advantageous additional embodiments of the invention are

disclosed in the respective dependent claims.

Brief description of drawings

Exemplary embodiments of the invention are described with
reference to the accompanying drawings, which show in:
Fig. 1 Different masking regions;

Fig. 2 Block diagram of the inventive processing;

Fig. 3 Example application.

Description of embodiments

Even if not explicitly described, the following embodiments

may be employed in any combination or sub-combination.

For the inventive processing the following application is

assumed:

*+ The watermark information embedding into an original au-
dio signal is carried out in real-time in a device con-
nected to a loudspeaker, or a device generating water-

marked audio signals intended for a presentation by a
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loudspeaker or loudspeakers;

+ The corresponding watermarked audio signal is played back
by that loudspeaker or loudspeakers;

*+ A geparate device picks up the sound and detects the em-
bedded watermark information, which watermark information
is used for example for second-screen applications syn-

chronisation.

Such application happens for example if 2nd screen water-
marking embedding is performed in a set-top box or a TV re-
ceiver (or any other device emitting sound). The original
audio signal to be watermarked is the non-watermarked audio
signal received. A listener watching the TV program has a
device including a screen (e.g. a tablet computer or a smart
phone), which device receives the watermarked acoustic waves
from the loudspeaker of the TV receiver.

In a store, a shopper has a mobile device which receives wa-
termarked acoustic waves from one or more loudspeakers ar-
ranged nearby his current position within the store, and the
watermarked acoustic waves are used for video merchandising
or advertising products presented at his current position

within that store (like IZ*ON in the USA).

Usually the audio signal is analysed at watermark encoder
side and the strength of the embedding is selected based on
such analysis, such that the watermark is not audible. This
works quite well if there is no surrounding noise. However,
if there is surrounding noise (at a listener position), the
ratio between watermark amplitude and disturbing noise am-
plitude (i.e. signal to noise ratio SNR) gets smaller, which
means that the correct-detection rate of the watermark de-
tector will decrease.

Usually, the strength of watermark information embedding is

controlled by a masking threshold which quantitatively
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measures the effect of masking. The maskee depicted in Fig.
1 is the tone which masks out other sound, whereas the test
sound is the sound which will be masked (i.e. the watermark
signal) .

However, in general, two different situations can be distin-
guished regarding the time relation At between the masker
and the test sound:

* Simultaneous masking as depicted in region II of Fig. 1;
+ Non-simultaneous masking as depicted in regions I and III
of Fig. 1: pre-masking in region I and post-masking in

region IIT.
The masking threshold of the original signal is derived from
the simultaneous masking region, since the original audio
signal is available at the time of embedding, whereby the
analysis is carried out in blocks having a time resolution

of about 10-20ms.

According to the invention, the embedding device evaluates
the signal of a microphone which picks up the surrounding
noise. For the calculation of the embedding strength not on-
ly (the level of) the audio content itself is used, but also
(the level of) the surrounding noise. Since the surrounding
noise has the effect of an additional psycho-acoustical
masker, the watermark strength can be increased without be-
coming audible.

Since the surrounding noise has to be recorded or stored be-
fore the analysis of the corresponding noise masking thresh-
old can be derived, it naturally fits into the non-simultaneous
post-masking region, i.e. into region III in Fig. 1. Alt-
hough there will be a decay of the post-masking threshold in
comparison to the masking threshold within the simultaneous

masking region, that decay is limited for At <50 ms.

If there is no surrounding noise, the embedding strength is
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the same as in the prior art. If there is surrounding noise,
the embedding strength will be increased, which means that
the watermark robustness will be higher and the detection
rate of the audio watermark detector will be better. I.e.,
the more surrounding noise the higher the embedding strength,
which mitigates the above-mentioned surrounding noise prior

art problems.

In Fig. 2 a step or stage 21 generate payload data for a wa-
termarking to be carried out, followed by a corresponding
error correction data calculation step or stage 22.

A signal reader step or stage 23, which can be a device in-
cluding a microphone, receives an audio signal AS to be wa-
termarked. Further, an environment or surrounding or ambient
noise recorder 24 receives the related environment noise EN.
Recorder 24 can be included in the device with the micro-
phone. A psycho-acoustical model calculating step or stage
25 calculates for each section of the audio signal AS a com-
bined masking threshold for watermark signal insertion,
thereby taking into account the current audio signal magni-
tude level as well as the corresponding surrounding noise
level. Following masking threshold calculation, in a water-
mark embedding step or stage 26 the payload data including
the error correction data are embedded into the audio signal
with a strength according to the combined masking threshold.
The correspondingly watermarked audio signal is thereafter
played out by a device 27, e.g. an amplifier and a loud-
speaker.

Normally the masker is frequency dependent, and the frequen-
cy distribution of the original audio microphone signal and

of the ambient noise microphone signal is taken into account.

There are several ways for taking the ambient noise into ac-

count. If the microphone is located at the same position as
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the listener (for example, a microphone included in a TV re-
mote control or a tablet computer or a smart phone), the
psycho-acoustical model can be calculated based on the -
possibly weighted - sum of the original signal and the ambi-
ent noise signal. The current characteristics of the ambient
noise are transferred to the watermark embedder. The mobile
device (e.g. the remote control) can send e.g. via infrared
signal or via electromagnetic waves like Bluetooth or WLAN
or via ultrasound (i.e. any kind of transmission except
acoustic waves in the human audible range) data about the
current ambient noise characteristics to the TV receiver or
to the set top box, i.e. to the device that emits the water-
marked sound signal or acoustic waves. The remote control
includes an IR command transmitter and a microphone, which
microphone receives an audio signal (i.e. the surrounding
noise), and the microphone-received audio signal or data
about that audio signal can be transmitted via the IR com-
mand transmitter.

Another solution is to calculate for both signals one psycho-
acoustical model and to calculate the final masking thresh-

old by adding - possibly weighted - both masking thresholds.

If it is important to keep low the complexity of the calcu-
lation, it is also possible to calculate the full psycho-
acoustical model only for the original audio microphone sig-
nal and to calculate a scalar value for the ambient noise
microphone signal, for example the - possibly frequency
weighted (for example A-weighted) - sound pressure level.
The final masking threshold is then the masking threshold of
the original audio microphone signal shifted by the scalar

value derived from the ambient noise microphone signal.

Fig. 3 shows a person watching a TV 31 and a tablet display

or device 32. Nearby the person a remote control 33 is lo-
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cated which includes a microphone receiving surrounding
noise and which sends a corresponding surrounding noise data
signal to a receiving unit 34 of the TV 31. The received
signal is evaluated in a block 35 which may comprise the
processing blocks shown in Fig. 2. The TV 31 produces corre-
spondingly watermarked sound that is received in device 32

and can be used for 2nd screen applications.

The described processing (in device 31) can be carried out
by a single processor or electronic circuit, or by several
processors or electronic circuits operating in parallel
and/or operating on different parts of the complete pro-
cessing.

The instructions for operating the processor or the proces-
sors according to the described processing can be stored in
one or more memories. The at least one processor is config-

ured to carry out these instructions.
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Claims

1. Method for watermarking an audio signal, including:

- receiving (23) an audio signal (AS) and receiving (24) a
surrounding noise signal (EN);

- calculating (25) a masking threshold for said audio sig-
nal, wherein said masking threshold is used for embedding
(26) watermark payload data (21), and wherein for calcu-
lating (25) said masking threshold the characteristics of
said audio signal as well as the characteristics of said
surrounding noise (EN) are taken into account;

- embedding (26) said watermark payload data into said au-
dio signal and providing (27) the correspondingly water-

marked audio signal.

2. Method according to claim 1, further including:
using said masking threshold also for embedding error
correction data (22) for said watermark payload data into

said audio signal.

3. Method according to claim 1 or 2, further including:
recording or storing said surrounding noise signal, cor-
responding to a post-masking region, before said masking

threshold calculation.

4. Method according to one of claims 1 to 3, further includ-
ing:
using said watermark payload data for second-screen ap-

plications synchronisation.

5. Method according to one of claims 1 to 4, wherein the
masking threshold is frequency dependent, and the fre-
quency distribution of said audio signal and of said sur-

rounding noise signal are taken into account for deter-
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mining the watermarking strength to be applied.

Method according to one of claims 1 to 5, wherein a mi-

crophone is included in a mobile device - e.g. a remote
control - and said mobile device sends - e.g. via infra-
red signal - surrounding noise signal data, which can

represent data about the current ambient noise character-
istics, to a device which performs said audio signal wa-

termarking, e.g. to a TV receiver or to a set top box.

Apparatus for watermarking an audio signal, said appa-
ratus including:

means (23, 24) adapted for receiving an audio signal (AS)
and for receiving a surrounding noise signal (EN);

means (25) adapted for calculating a masking threshold
for said audio signal, wherein said masking threshold is
used for embedding watermark payload data, and wherein
for calculating said masking threshold characteristics of
said audio signal as well as characteristics of said sur-
rounding noise are taken into account;

means (26, 27) adapted for embedding said watermark pay-
load data into said audio signal and for providing the

correspondingly watermarked audio signal.

Apparatus according to claim 7, wherein said masking
threshold is also used in said embedding means (26, 27)
for embedding error correction data (22) for said water-

mark payload data into said audio signal.

Apparatus according to claim 7 or 8, wherein said sur-
rounding noise signal is recorded or stored before said
masking threshold calculation and corresponds to a post-

masking region.



10

15

20

25

30

35

WO 2015/086360 PCT/EP2014/076108

10.

11.

12.

13.

11

Apparatus according to one of claims 7 to 9, wherein
said watermark payload data is used for second-screen

applications synchronisation.

Apparatus according to one of claims 7 to 10, wherein
the masking threshold is frequency dependent, and the
frequency distribution of said audio signal and of said
surrounding noise signal are taken into account for de-

termining the watermarking strength to be applied.

Apparatus according to one of claims 7 to 11, which re-
ceives said data about surrounding noise from non-
acoustic waves emitted from a mobile device with a mi-
crophone, which surrounding noise signal data can repre-
sent data about the current ambient noise characteris-

tics.

An apparatus for watermarking an audio signal, compris-
ing:

a memory that stores data which control operation of a
processor;

said processor, which executes a procedure comprising:
receiving (23) an audio signal (AS) and receiving (24) a
surrounding noise signal (EN);

calculating (25) a masking threshold for said audio sig-
nal, wherein said masking threshold is used for embed-
ding (26) watermark payload data (21) and related error
correction data (22), and wherein for calculating (25)
said masking threshold the characteristics of said audio
signal as well as the characteristics of said surround-
ing noise (EN) are taken into account;

embedding (26) said watermark payload data and said er-
ror correction data into said audio signal and providing

(27) the correspondingly watermarked audio signal.
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