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Abstract--This paper proposes a new noise suppression method
to reduce zoom noise generated when audio signals are recorded
with a digital camera. The proposed method is based on multi-
band spectral subtraction that can suppress spectral components
of noise related to reference zoom-noise in the modified discrete
cosine transform domain. In particular, in the proposed method,
each frame is classified as either a noise frame or a non-noise
frame, and depending on this classification, the reference zoom-
noise is updated and the degree of suppression is controlled. It is
shown from performance evaluation that noise due to a zooming
operation of digital cameras is successfully suppressed while
maintaining audio quality.

I. INTRODUCTION

Today’s digital cameras are increasingly used to record vid-
eo and audio, diminishing the use of camcorders. One draw-
back to audio recorded by digital cameras is in that a signifi-
cant level of mechanical noise is introduced by the camera’s
zoom operations. One intuitive solution is to limit the speed of
the zoom motor [1]. However, such a solution decreases the
zooming speed of digital cameras, making it difficult to cap-
ture fast moving objects. Therefore, additional effort should be
needed to overcome the trade-off between the zoom speed and
the noise level.

As an alternative to reducing the zoom-noise level without
decreasing the zoom speed, a mechanical noise suppressor for
digital cameras was proposed by adapting reference noise [1].
Zoom-noise reduction in this approach was carried out by as-
suming that a priori information on the intervals of zoom mo-
tor operation was precisely known and that only zoom noise
existed during those intervals to update the reference noise.
However, it is difficult to measure the exact timing of the
zoom operation owing to unexpected time delay and/or jitter-
ing between the zoom-motor movement and its activation time.
Moreover, audio signals and zoom noise are commonly mixed
during the zoom-noise intervals. These factors cause perfor-
mance degradation of zoom-noise reduction.

In order to address the aforementioned issues, we propose a
zoom-noise suppression method by incorporating a zoom-
noise detection algorithm. By doing this, information pertain-
ing to zoom-noise operation is unnecessary. The proposed
method is based on multi-band spectral subtraction (MBSS),
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which suppresses the spectral components of noise related to
reference zoom-noise in the modified discrete cosine transform
(MDCT) domain [2]. Moreover, for a given audio frame, the
zoom-noise detection algorithm first estimates the sub-band
signal-to-noise ratios (SNRs). Then, it controls the degree of
suppression in the MBSS and determines whether the audio
frame is a zoom-noise frame or not, according to the distribu-
tion of the sub-band SNRs over frequency. In other words, the
reference zoom-noise is updated only if this audio frame is
declared as a zoom-noise frame.

II. PROPOSED ZOOM-NOISE SUPPRESSION METHOD

Fig. 1 shows a flowchart of the proposed zoom-noise sup-
pression method that operates in the MDCT domain because
of higher performance of energy compaction and spectral reso-
lution than in the Fourier transform domain [3]. First, the pro-
posed method segments audio signals into a frame whose
number of samples is 1024, corresponding to 32 ms at a sam-
pling rate of 32 kHz. Next, it applies an MDCT to audio sig-
nals deteriorated by zoom noise and divides the MDCT coeffi-
cients into 49 sub-bands whose bandwidths are identical to
those in MPEG advanced audio coding (AAC) [4]. After that,
for a given /-th frame, the proposed method estimates SNR of
the sub-bands, i.e., SNR(L,k), k =0,---,48, by comparing the
sub-band power of the audio signal and that of the reference
zoom-noise. Note here that the reference zoom-noise is the
zoom-noise signal recorded by a digital camera in a quiet envi-
ronment. The estimated SNR for each sub-band is then used
for zoom-noise detection. According to the result of zoom-
noise detection, the reference zoom-noise is updated and the
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Fig. 1. Flowchart of the proposed zoom-noise suppression method.



degree of noise suppression is controlled for MBSS-based
noise suppression. Finally, an inverse MDCT (IMDCT) is ap-
plied to obtain a zoom-noise suppressed version of the record-
ed audio signal.

As described above, the performance of the proposed meth-
od is highly dependent on that of the zoom-noise detection
algorithm. The detection algorithm first counts the number of
sub-bands whose SNR is below a predefined threshold,

SNR,,,... That is,
N(l) = SI(SNR(,K), SNRy,) (1)
49 k=0
where I(x,y)=1 if x <y, otherwise 7/(x,y)=0. The [-th
frame is declared as a zoom-noise frame if N(/)> N, In
this paper, the parameters are set as SNR,.. =0 and

Njes = 0.7 from the exhaustive preliminary experiments.

If the current frame is a zoom-noise frame, the recorded au-
dio signal is averaged with the reference zoom-noise. Subse-
quently, this averaged reference zoom-noise is used for the
MBSS-based noise reduction. The degree of noise suppression
in MBSS is controlled depending on whether the current frame
is a zoom-noise frame or not. In other words, the suppression
factor is increased for a zoom-noise frame, but deceased oth-
erwise.

Finally, the MBSS-based noise suppression is performed us-
ing sub-band SNRs, a suppression factor, and updated refer-
ence zoom-noise. By taking an IMDCT, we obtain a zoom-
noise suppressed version of the recorded audio signal, as
shown in Fig. 1.

III. PERFORMANCE EVALUATION

In order to evaluate the performance of the proposed meth-
od, the method was implemented using a commercially availa-
ble compact digital camera with a zoom function. The camera
was equipped with two electret condenser microphones for
audio recording. The initial reference zoom-noise was ob-
tained by averaging the zoom noise recorded using five differ-
ent cameras of the same model. Test audio signals were rec-
orded in an office environment while performing zoom opera-
tions. Even though the method was applied to audio signals,
the proposed method had short latency enough not to cause
video and audio synchronization problem. In other words, the
latency was 36.94 ms in total, which summed up an algorith-
mic delay of 32 ms by the MDCT/IMDCT operation and the
processing delay of 4.94 ms measured in the digital camera.

Fig. 2 shows a comparison of the spectrograms of zoom
noise recorded in a quiet environment, audio signals recorded
without any zoom operation, audio signals recorded during a
zoom operation and zoom-noise suppressed audio signals by
the conventional method [1] and by the proposed method, re-
spectively. Compared to the spectral components shown in Fig.
2(c), the spectral components of zoom noise shown in Fig. 2(e)
were clearly suppressed while the other spectral components
were preserved. Moreover, the performance of the proposed

Frequency (kHz)

L Time
11 (sec)

o
o
wH
a1

Frequency (kHz)

Time
11 (sec)

Frequency (kHz)
o o 3> @
—t——+

Y Time
11 (sec)

Frequency (kHz)
o 3 &
f———+—+

1 Time
11 (sec)

°
o]
wH]
-
o]
~
®

©

3

Frequency (kHz)

Time
T T T T T T T T T T T

10 11 (sec)
(e)

Fig. 2. Spectrogram comparison: (a) zoom noise, (b) audio signal without
zoom-noise, (¢) audio signal recorded during a zoom operation, (d) zoom-
noise suppressed audio signal by the conventional method, and (e) zoom-
noise suppressed audio signal by the proposed method.

method was more preferred than the conventional method, in
terms of spectral similarity with audio signal without zoom-
noise, as shown in Fig. 2(b).

IV. CONCLUSION

In this paper, a zoom-noise suppression method was pro-
posed to reduce the mechanical noise generated by the zoom
operation of digital cameras. The proposed method was per-
formed by detecting zoom noise frames using sub-band SNRs,
followed by updating the reference zoom-noise and controlling
the degree of suppression. After applying the proposed method
to audio signals recorded on a commercially available digital
camera, it was shown that the proposed method could success-
fully reduce the zoom noise, resulting in better audio quality.
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