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An FFT Restoration of Noisy DV® Camcorder Captures
When restoring digitally recorded video footage, standard filtering tools provide reasonably
good results. However, some early DV camcorders add noticeable low-frequency noise and
visible 'grid' patterns which are difficult to remove without sacrificing original image details,
or introducing motion artifacts. This article demonstrates the power of Fast Fourier
Transforms at restoring video captures corrupted by regular and random noise.
Noise is an ever-present ingredient of most consumer-grade video footage. Random luminance
and chrominance noise can be reduced to a certain degree by hardware filters available in
professional stand-alone capture devices. Software filter tools can also be used with good
results at the post-processing stage.
Regular and irregular image noise
However, regular noise patterns in the video image are more challenging to deal with. Common
types of low-frequency regular noise are hum bars, running up, down, diagonally or sideways
across the screen. High-frequency noise patterns are seen as stripes or 'grids' on the image. The
stripes usually originate in camera CCD imager, or its subsequent A/D converter circuit.
For our restoration experiment, we chose a particularly troubled DV footage from the early
1990s. The original recording, being digitally stored, does not have any video jitter or other
dynamic errors. However, the image has several other types of flaws. The most obvious one is the
color imbalance, as a result of wrong white balance setting in the camera. It has lead to a very low
blue channel registration which, due to DV format’s lossy data reduction scheme (DCT) of each
video frame, gives rise to a blocky low-frequency chrominance noise.
This video sample is also impaired by high level of 'salt and pepper' type random noise. But most
notably, it has an annoying vertical stripe pattern. These types of errors can usually be sourced to
faulty camera CCD image sensor.
Stripe removal via spatial transform
We will first attempt to remove the vertical noise stripes from the caption by using Fast-Fourier
Transforms, or FFT. An appreciation of the full potential available with FFT manipulations
requires some grasp of mathematics. Fortunately, a relatively straightforward practical FFT
tools have been made available for image FFT filtering. Once the sequence of video frames are
transformed into spatial images, a simple graphical modifications can be applied to erase the
stripe pattern from the image.

FFT transforms separate the original image content from the stripe noise so that the latter can
be removed from the transform at minimal loss to the desired high-frequency image content.
The FFT image algorithms are called spatial frequency analyzers, or filters, because they display
the image as a function of their frequency distribution. By means of FFT transform, any
regularly appearing occurrence can be located and modeled. The FFT operations can be
confined to individual video frames with no reference or effect to the previous or subsequent
frames.
As far as FFT filtering is concerned, the key word is regularity. Fig.1, shows a 720x576-pixel DV
frame and its Fourier transform. The transform arranges the original high-frequency content of
the image or 'energy' in the center, while the low-frequency content are spread further out
toward the transform’s edges.

Figure 1. A single 720x576-pixel camcorder frame and its FFT transform (right) displays the noise stripe components
as two distinct spots on the horizontal axis.

The stripe signals are now shown as two bright spots on the FFT’s horizontal axis. The random
noise masks the regular noise components (stripes) when the FFT image of a single video frame is
displayed. In order to reveal the regular noise components more clearly, a batch of successive FFT
transform were stacked. Stacking will average the random noise revealing the regular noise
components (Fig.2).

Figure 2. Staking a batch of FFT transformed video frames. The stripe
vertical noise of the video frames is shown as 6 horizontally aligned spots.

Filtering by 'painting' the transforms
Stacking shows that there are indeed six major, and over 20 minor regular noise components in
the video frames. This time, we are concerned only with the ones on the horizontal axis that
make up the vertical stripes in our sample video. Spatial filtering is basically a form of image
manipulation where the undesired noise concentrations are 'painted' black or zero-padded. The
virtue of FFT transforms is that only noise the concentrations can be removed while leaving the
desired image details intact.

Figure 3. Zero-padding the stripe noise components of the FFT transform, and subsequent inverse FFT returns the
original video frame content, without stripes.

Fig. 3 shows our 6-point horizontal zero-padding edit. The result is shown on the right, after a
subsequent inverse FFT transform. The differences between original and filtered frames are
minimal, only the stripe pattern has vanished.

Figure 4. FFT transform, zero-padding and inverse FFT remove the stripe pattern with very little loss of the
original image content.

Fig. 4. shows the frame before and after the FFT—zero-padding—inverse FFT process. The
bottom right shows the difference frame, or residual image removed from the original frame.
The power of FFT filtering is demonstrated in even more detail in Fig. 5. The original image
details are preserved while the stripe structure is gone. Regular noise patterns can, of course,
be reduced by ordinary video filters, but the image details will vanish as well.

Figure 5. FFT-filtering removes vertical stripes but preserves details of the original
image. As can be seen, a regular (Gaussian) blur filter removes both indiscriminately.

Reducing low-frequency color noise
The restoration is not yet complete; the color imbalance in our sample DV footage causes the
unnaturally orange-yellowish color rendition. The RGB component separation of the Frame 1
shows that the blue channel image was severely noise-infested already at the recording stage;
most likely due to incorrect camera white balance setting. Fig. 6 confirms that the blue channel
signal is considerably noisier than the red and green channel signals.

Figure 6. Separation of the RGB channels shows that the LF noise is predominantly in the blue channel signal.

Figure 6. Comparison of the original and restored DV frames after an FFT filtering, RGB noise reduction and colorcorrection.
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