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Abstract
First introduced in the early 1990s, 100Hz is a major Philips
innovation in high-end television, using a digital memory
technology to create flicker-free viewing. Incredible Mo-
tion ensures perfect natural movement of objects in televi-
sion screen by eliminating the juddering sometimes seen in
such sets. Nowadays, all major brands have adopted the 100
Hz Philips innovations in their high-end TV ranges.

None of the standard definition TV broadcast systems
in use around the world is perfect, with each having its own
advantages and disadvantages. For example, despite its poor
color rendering and 525-line vertical resolution, the NTSC
system uses an interlaced display that is updated at a re-
fresh rate (field rate) of 60 Hz – high enough to signifi-
cantly reduce large area flicker (70Hz is the ideal minimum
refresh rate to eliminate this effect but 60 Hz is close enough).
Although the 625-line interlaced display PAL system is bet-
ter at producing accurate colors and provides better vertical
resolution, its 50 Hz refresh rate results in a picture with
more perceptible large area flicker.

The key to reducing this large area flicker is to increase
the refresh rate from 50 Hz to 70 Hz or higher. Philips Semi-
conductors 100Hz technology simply double every ordinal
field so that the TV refresh rate raises up to 100Hz from
ordinal 50Hz rate in PAL system. The glowing and fading
phenomenon of phosphors in CRT are no longer perceived
by HVS (Human Visual System) and flickers do no longer
exist in pictures.

Based on vast experience in analog TV and world-beat-
ing picture enhancement technologies, Philips Semiconduc-
tors offers ‘Incredible Motion’ techniques to eliminate blur
and judders to provide extremely clear pictures and deliver
outstanding image quality. Our unique ‘Movie Mode’ en-
sures DVD and Video CD playback is ultra-smooth, even
during high action sequences.

Philips Semiconductors 100Hz chipsets are simple, scal-
able solutions. These chipsets are pin-to-pin compatible, so
the same design can be used for low-, mid- and high-end
sets. The 100Hz display technology removes large area
flicker from screen of current standard definition TV sys-
tem so that watching a TV becomes a relaxation of your
eyes. Philips Semiconductors has now available a number
of scan converter modules differing in range of functions
and intended application environment. The technology now
has been widely adopted and designed in major TV manu-
facturers over the world.

Simple 100Hz TV system
In a 100Hz TV set, each image field is repeated a second
time (e.g. AA-BB, with A and B being two individual fields)
simply to increase field rate from 50Hz to 100Hz by utiliz-
ing a converter that is SAA4979 in Philips Semiconductors
100Hz TV solution. The simply generated 100Hz fields in
this mode are simply compensated using median filters tech-
nology. The filter smoothen motions in these fields at a  basic
level.

Incredible motion 100Hz TV system
In a Philips 100Hz set with Incredible Motion technology,
the fields are alternated - A-B-A-B - to further eliminate
flicker and provide a totally stable picture. To eliminate any
juddering which may occur when moving objects are in the
picture, Incredible Motion uses a digital memory to
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Figure 1. Entry level 100Hz TV System
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estimate motion of objects in a field and creates new frames
to insert between existing frames with corrected motion po-
sitions of moving objects.

The new, inserted fields are computed from motion in-
formation - the position of the moving object in time - com-
ing from three fields - the current (A), the next (B) and the
previous (Z). By comparing these fields, Incredible Motion
creates a smoother movement.

When there is motion in the picture, the newly created
field will locate the moving object(s) in the correct motion
position, which makes the movement of objects appear
smooth. The power behind this process is the Philips Falconic
chip, which is capable of detecting fast-moving objects and
it can handle rapid multi-directional movements at the same
time.

Field scan rate conversion
The SAA4979 is a stand-alone IC for 4:2:2 video scan con-
version from 50/60 Hz to 100/120 Hz. The main character-
istic is that all digital functions including a 3.5 MBit field
memory are placed inside one IC.

The IC supports two digital ITU-656 video input data
streams to allow picture-in-picture processing. It provides
picture improvement features and non-linear horizontal pic-
ture compression or expansion and has analog YUV out-
puts for a display. The on-chip memory is used for scan
conversion as well as for field-based noise reduction. The
SAA4979 is designed especially for an economy 100 Hz
applications and allows one-chip 100Hz conversion. For
mid- and high-end applications it also offers an expansion
port for vector based motion estimation and compensation
ICs like the SAA4993/4 (FALCONIC).

Field memory

The SAA4979 has a built-in scan conversion memory. The
write address pointer is reset by the RSTW pulse which is
derived from the 50 Hz vertical sync pulse V656_1, the read
address pointer is reset by the RSTR pulse which occurs in
the vicinity of the vertical 100 Hz sync pulse VD. Whenever

WE is active, data is written to the memory, and whenever
RE is active, data is read from the memory. WE and RE are
generated by the acquisition control part within the SAA4979.
Fig. 4 shows the basic timing of the scan conversion memory.
(RSTW, V656_1, WE and RE are chip internal signals).

Digital noise reduction
The dynamic noise reduction circuit in the SAA4979 is based
on a recursive signal filtering in which an actual and a pre-
vious (field delayed) signal are mixed. The level of the noise
reduction is dynamically controlled depending on move-
ment, i. e. depending on differences between pictures. The
circuit therefore is closely related to the IC’s field memory.
This memory has two output ports: one is used for double
scan rate and the second one is a 50/60 Hz output and is
used for the noise reduction loop. Fig. 5 shows the block
diagram of the noise reduction circuit.

Problems in motion portrayal with picture rate conversion
The simplest approach to double the scan rate is to display
each field twice. This eliminates large area flicker effec-
tively but still has the problem of blurring or contouring of
moving edges. This artifact is depicted in Fig. 6. For a mov-
ing object it can be seen that its position is incorrectly rep-
resented in every second field. If the viewer tracks the ob-
ject it is perceived double, as its location in every second
field is not at the expected position.

Much worse is the display of movie film on a TV set or
even in cinema, because motion comes in a rate of only 25
pictures per second. On a 50 Hz TV each motion phase is
displayed twice resulting in annoying jerky motion due to a
lower picture update rate and therefore a larger position er-
ror between expected and displayed object position. In cur-
rent 100 Hz TV each movie picture is repeated four times
which still increases the jerkiness of the motion.

Figure 2. Mid-end motion enhanced 100Hz TV System solution

Figure 3. Incredible Motion- Complete 100Hz TV System solution with motion
compensation and picture-in-picture features

Figure 4. Basic timing of the scan conversion memory

Figure 5. Basic block diagram of the DNR circuit
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Motion estimation and compensation for luminance
In order to overcome above-described problems a motion
estimation technique is needed, objects in the interpolated
image can then be placed at the position expected by hu-
man vision. The technique implemented in the SAA4993/4
is based on a 3-D recursive search block-matching algo-
rithm. Fig. 7 demonstrates the block matching principle.

Motion estimation is performed in the luminance chan-
nel only. Motion compensated upconversion is done in the
luminance channel while for the chrominance signal
upconversion is done by a median filter. The vector range is
vertically ± 12 lines, horizontally ± 31.75 pixels (sub-pixel
accuracy). The general architecture of the motion estimator
and compensator in luminance can be referred to data sheets
of SAA4993/4.

Motion estimator
The motion estimator calculates the motion vector of objects
within an incoming video field by comparing the field itself
with a previous frame. It reads pixel data from the current
field and the previous frame via the local caches or multi port
RAMs. Prediction vectors of the current and neighboring
blocks that were estimated in the previous field period and
stored in the Temporal Prediction Memory (TPM) are used
as a basis for new estimations. From this information, it gen-
erates a new motion vector, which is again forwarded to the
TPM, leading to a temporally recursive motion estimation.

The motion estimator works on a picture block size of 4
lines x 16 pixels, while a motion vector is assigned to a block

size of 4 lines x 8 pixels in a checker board pattern (quincunx
block subsampling), this means a subsampling of factor two,
only every second block a motion vector is assigned to. For
the other blocks the motion vector is interpolated. Fig. 8 shows
the principle. The main basis for finding the movement vec-
tor of a block is the vectors of the neighboring blocks (spatial
pre-diction vectors) and the vectors of the current and neigh-
boring blocks of the previous field (temporal prediction vec-
tors). This situation is depicted in Fig. 9.

For each picture block four candidates will be selected
as candidate vectors. The selection of the vectors is pro-
grammable; an algorithm example is depicted in Fig. 10. It
represents a random update vector that can be applied to
any prediction vector.

Cmax defines the maximum candidate within a certain
area around the current block B. It is found of scanning 5
vectors around B as shown in Fig.11. This maximum vector
changes from block to block. So every time Cmax is a can-
didate the 5 motion vectors are evaluated. This maximum
candidate enables fast convergence of motion vectors.

Cp is a programmable vector. This candidate is possibly
selected when camera panning or zooming is detect-ed. For
every input field motion estimation is done twice, but for
different candidate sets. The first motion estimation is called
left (L), the second is called the right (R), which is the

Figure 6. 100Hz field repetition causes blurring at moving edges

Figure 7. Bloack matching principle

Figure 8. Motion estimator block subsampling

Figure 9. Position of the spatial and temperal prediction vectors in relation to the
current processed block

Figure  10. Recursive search trying to find a better vector
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column estimator. In hardware only one motion estimator
is used, which is multiplexed in time.

The vector candidates define a translation from field t to
t-T. If the intermediate field is the point of reference, the dis-
placement is equivalent to half the motion vector in both di-
rections. Therefore the candidates are split in two parts. In
order to prevent that the vectors point to information that is
not available (due to interlace or subpixel accuracy), they are
‘rounded’ to the nearest original data. These split vectors are
used to address the pixel data in the current field and in the
previous field. The relevant lines of these fields are located in
the multi port RAMs (MPR). For every candidate the Sum of
Absolute Differences (SAD) is stored in an error memory
(ESM). The candidate that delivers the smallest SAD could
be considered as the best fitting candidate, and therefore, the
best motion vector. But however, in some cases some candi-
dates might be preferred above others. Therefore a (program-
mable) penalty can be added to each vector. Finally the least
error is calculated and the associating vector index (least er-
ror index) is determined. The least error index controls that
vector will be put forward, via an additional temporal filter,
to the temporal prediction memory (TPM).:

Block erosion
In a first step the motion vector block is split into 4 quad-
rants. The four corresponding motion vectors D00, D01,
D10 and D11 are found by median filtering of the block
itself and the horizontally and vertically adjacent blocks,
this yields a vector for each block of 2 lines by 4 pixels. In
a second step the process is repeated further resulting in a
block size of 2 (horizontal) pixels, see Fig. 12. Upconverter

The upconverter converts the incoming field frequency to
the selected output field frequency, it acts as field and frame rate
converter. The quality of field rate conversion improves signifi-
cantly with motion-compensation techniques. It becomes pos-
sible to interpolate new fields at their correct temporal and spa-
tial position. This results in smooth motion portrayal without
loss of temporal resolution. However, as motion vectors are not
always valid for every pixel or object non-linear filtering is used
in order to minimize visible artifacts. The algorithm generally

consists of two steps. First the displacement of objects with-in
successive fields of an image sequence must be determined; a
motion estimator is needed for this. Secondly, the resulting mo-
tion vectors of the first step are used to interpolate new image
fields in between existing ones, this is done in the upconverter.
Fig. 13 shows the block diagram of the upconverter. The vector
splitter gets a motion vector from the temporal prediction memory
(TPM), processes it and applies it to the left and right cache
(multi port RAM, MPR). The MPR returns the actual pixels as
well as the delayed pixels of the requested positions as an array
of pixels. These pixels are interpolated with a non-linear filter
(cascaded median filter) to form the pixels of a lower and an
upper (de-interlaced) line which are output to the zoom circuit.
A circuit called “egg-slicer” is used to verify motion detection.
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Figure 11. Selection of cmax

Figure 12. Block erosion

Figure 13. Upconverter block diagram


