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PROJECTION APPARATUS PROVIDED WITH AN ADJUSTABLE

FILTRATION SYSTEM AND METHOD THEREOF FOR ADJUSTING THE

COLOUR COMPONENTS OF A LIGHT BEAM

DESCRIPTION

The present invention relates to a projection apparatus, in particular a videoprojector,

according to the preamble of claim 1, and to a method for adjusting a light beam in a

projection system.

In known videoprojectors, a light source generates a polychromatic light beam with a wide

spectrum which is capable of reproducing most of the colours that can be perceived by the

human eye.

Since such colours are obtained as a combination of three primary colours, in order to project

the desired colours it is first necessary to extract said primary colours (typically red, green and

blue) from the light beam generated by the light source in a condition being as saturated as

possible (i.e. positioned as much as possible at the outline of the chromaticity diagram defined

by the Commission Internationale de l'Eclarage).

To this end, many systems using filters and/or prisms are available.

According to a first known solution, a colour wheel, essentially consisting of three band-pass

filters occupying three sectors of the wheel, is placed in front of the lamp. As it rotates, the

wheel sequentially lets through the components of red, green and blue light of the beam

generated by the lamp.

The light beams output by the colour wheel are focused onto one or more DMD (Digital

Micromirror Device) panels, consisting of a plurality of micromirrors (usually made of

aluminium) which rotate about a diagonal and which are adapted to reflect the coloured light

beams within a projection lens for the purpose of sending them to a screen.

The array of micromirrors is de facto the array of pixels of the image to be projected.

The colour of each pixel perceived by the human eye watching the screen will be the result of

the integration of the projected green, blue and red light components.

If, for example, a pixel must be yellow, during the transmission of the green and red light the

corresponding micromirror will be turned in order to reflect the light inside the projection

lens, whereas during the transmission of the blue light said micromirror will be turned in order



to reflect the light outside the projection lens.

The drawback of this solution is partly related to the light sources employed.

At present, high-pressure mercury-vapor lamps or xenon lamps are mostly used.

Fig. Ia schematically shows the spectrum of the light emitted by high-pressure mercury-vapor

lamps; the X axis indicates the wavelength in nm (nanometers), while the Y axis indicates

relative intensity.

Reference number 1 approximately designates the emission area of blue; reference number 2

designates the emission area of green, and reference number 3 designates the emission area of

red.

As shown, the emission is particularly critical both because of the low energy emitted in the

red range and, most of all, because of the emission peak at 575÷580nm, which corresponds to

the spurious yellow component located between green and red and designated by reference

number 4.

In these lamps, cutting the component of the secondary yellow colour in order to obtain

saturated primary colours means to lose much of the energy produced by the lamp, resulting in

a dark image.

De facto, therefore, what happens in known solutions is that the filters used in the optical

system of videoprojectors provide a response like the one shown in Fig. 2, wherein the dotted

line indicated by reference number 6 represents the response curve of the band-pass filter of

the blue colour, the dashed-dotted line 7 represents the response curve of the band-pass filter

of the green colour, and the dashed line 8 represents the response curve of the band-pass filter

of the red colour. As highlighted in Fig. 2, in order to prevent an excessive reduction in

brightness, the green and red filters used in known solutions let through a portion of the peak

of the yellow colour, so that the primary green and red colours are not saturated due to said

peak, which makes green become "pea-green" and red become "orange".

This drawback is typically overcome by adding a permanent band-cut filter along the optical

path in order to attenuate or eliminate the spurious yellow component from the light beam.

The response curve of this type of band-cut filter, also known as "notch" filter, is represented

schematically in Fig. 3 by the dotted line 9; as shown, the filter absorbs the spectral

components comprised approximately between 570 and 600 nm.

The filter flanks, designated by reference numbers 9' and 9" in Fig. 3, should be as steep as

possible, so as to block only the undesired spurious colour and to allow the other spectral



components of the beam to pass through unchanged.

The drawback of this solution is that, although the green and red colours are saturated, the

overall brightness turns out to be strongly reduced.

Similarly, when xenon lamps are used (Fig. Ib), even though the emission is more uniform, at

least in the visible spectrum, than that of mercury-vapour lamps, it can be noted that in the

area around 500 nm designated by reference number 5, i.e. the area of the secondary cyan

colour, the luminous energy is high enough to affect the reproduction of the saturated blue and

green colours.

Therefore, these lamps also suffer from the same problems as the above-described solutions,

the only difference being that the component which gives the most troubles is cyan.

According to another known solution, sometimes used in videoprojectors having a single

DMD panel, to obtain more saturated primary colours, the colour wheel comprises four

sectors: blue, green, red and yellow.

Thus, the single band-pass filters of the colour wheel can be narrower, as shown in Fig. 4,

wherein reference number 12 designates the response of the band-pass filter of the yellow

sector and numbers 6, 10 and 11 designate the responses of the filters for the blue, green and

red colours, respectively.

In order to limit the decrease the brightness, the system uses information obtained by

processing the video signal electronically as detailed below.

As known, the images of a videoprojector are made up of a sequence in time of frames, each

of which contains information for controlling the status of the pixels forming the image.

Such information, before being physically sent to the panel, are stored in suitable frame

memories; in particular, information about the three primary red, green and blue components

of the video signal are stored for each pixel.

During the electronic processing of the video signal, the information relating to each frame is

checked in order to establish the chromatic contents of the image, in particular, in the case

under examination, in order to determine the fractions of pure primary colours in relation to

the secondary components which can possibly be present even in the formation of white light.

If, for example, a frame is made up mainly of saturated red and green colours, the operation of

the DMD panel during the projection of such a frame will be interrupted when the light of the

yellow sector is sent, thus preventing the primary green and red colours projected onto the

screen from being altered.



Vice versa, if the image contains mainly areas wherein the predominant component is yellow

light or can be combined with yellow light, the panel will remain always on during the

corresponding frame, thus sending to the screen all the light produced by the lamp, including

the yellow one, in order to obtain the maximum brightness.

In intermediate signal situations, the pixel adjustment time during the transition of the yellow

sector of the colour wheel will be adequately adjusted, for example, according to the user's

preferences.

However, this solution has many drawbacks as well.

First of all, the luminous energy associated with each primary colour is low both because of

the band-pass filter having a narrower passband and because of the reduction in the

transmission time of each primary colour (since the wheel has four sectors).

Also, the transition times during which the DMDs are "turned off' are longer (resulting in

known drawbacks).

The object of the present invention is to solve the problems of the videoprojector apparatus

solutions known in the art.

hi particular, the object of the present invention is to obtain primary colours being as saturated

as possible, while maximizing image brightness.

These and further objects of the present invention are achieved through a projection apparatus

and a method for adjusting a light beam in a projection system incorporating the features set

out in the appended claims, which are intended as an integral part of the present description.

hi brief, the present invention is based on the idea of attenuating the spectral components of a

light beam dynamically based on information relating to the colours of an image to be

projected. To this end, the projection apparatus according to the present invention is provided

with at least one movable band-cut filter which is capable of eliminating, within the visible

range, a variable quantity of spurious components (such as yellow or cyan colour) from the

light beam generated by the lamp.

The movability of said filter advantageously allows to obtain, depending on the images to be

projected, the best compromise between image brightness and saturation of the primary red,

green and blue colours.

Advantageously, in the case of a video signal, the filter position can therefore be updated on a

frame basis by utilizing the information supplied by the RGB signals.



Further objects and advantages of the present invention will become apparent from the

following detailed description and from the annexed drawings, which are supplied by way of

non-limiting example, wherein:

- Figs. Ia and Ib show the emission spectrum of lamps commonly used in videoprojector

appliances.

- Figs. 2 and 4 show the emission spectrum of a mercury-vapour lamp and the response curves

of band-pass filters used in known videoprojector appliances.

- Fig. 3 shows the emission spectrum of a mercury-vapour lamp and the response curve of a

band-cut filter adapted to cut yellow frequencies.

- Fig. 5 shows the emission spectrum of a xenon lamp and the response curve of a band-cut

filter adapted to cut cyan frequencies.

- Fig. 6 schematically shows an example of a first embodiment of a projection apparatus

according to the invention.

- Fig. 7 schematically shows an example of a second embodiment of a projection apparatus

according to the invention.

For simplicity's sake, means which are identical, equivalent or adapted to perform the same

function will be hereafter referred to by using the same reference numbers.

Let us now consider, as an example of a non-limiting embodiment example, a videoprojector

apparatus like the one shown in Fig. 6, wherein the light source is a mercury-vapor lamp

(whose emission spectrum is shown in Fig. Ia) and, as already mentioned, suffers from the

drawback of a significant yellow component.

In this embodiment example, the videoprojector uses only one DMD panel designated by

reference number 20.

Illumination lamp 14 generates a light beam that is collected by aspheric condenser 15, which

focuses said light beam at the inlet of integrating bar 18 (consisting of an optical-glass

parallelepipedon), which spatially smoothes the light beam coming from the lamp.

Between aspheric condenser 15 and integrating bar 18 there is a three-sector colour wheel 16,

which sequentially outputs spectral components comprised in three bands corresponding to

the bands of the three primary red, blue and green colours.

The light output by the integrating bar is collected by a system of lenses 19, known as relay

lenses, which convey the focused light towards the DMD panel, designated by reference

number 20, through the system of prisms designated by reference numbers 2 1 and 22.



The light beam is then sent to the projection lens, designated by reference number 23, and

subsequently to a screen, not shown in Fig. 6.

According to the invention, the projection apparatus comprises a band-cut filter 17 which cuts

a band within the visible range; said filter 17 is required in order to eliminate the spurious

component (in this case yellow light), and is inserted close to the input of bar 18.

In a preferred embodiment, filter 17 may be a notch filter adapted to attenuate a certain

frequency band determined as shown in Fig. 3.

The projection apparatus also comprises moving means (not shown) adapted to

dynamically change the position of said band-cut filter relative to the optical path of

the light beam.

In the preferred solution, said moving means, which may comprise known piezoelectric or

VoiceCoil actuators, allow to translate filter 17 in a direction being orthogonal to that of light

propagation, so as to intersect the light beam dynamically and to attenuate a variable quantity

of yellow light from the light beam.

The position of filter 17 is determined by a logic control unit which controls the moving

means.

According to the invention, the position of filter 17 is determined after the image to be

projected has been processed numerically, in particular by using at least one piece of

information relating to the colours of the image to be projected.

Said at least one piece of information relating to the image colours is contained in a memory

area of said apparatus being accessible to the logic unit.

In an example of a preferred embodiment, the projection apparatus is a videoprojector, i.e. an

apparatus fitted with a video input adapted to receive a video signal and with a frame memory

adapted to store at least one frame of the video signal in order to carry out known signal

processings, such as deinterlacing, scaling etc...

As known, one component of the video signal is given by the RGB signals used for

identifying the colour components of the single pixels of the image, i.e. of a frame of the

video signal.

Therefore, the frame memory of the videoprojector contains information relating to the RGB

components of the frame pixels of the received video signal.



Based on said information relating to the image colours, in particular supplied by the RGB

signals, the processing unit first determines the quantity of yellow component being present in

the image and then determines the position of filter 17 accordingly.

Said position will depend on a choice between the desired brightness and the necessity of

obtaining (depending on the image) saturated primary colours.

Advantageously, for each frame the control unit carries out an evaluation of the quantity of

yellow being present in the frame to be projected, and subsequently re-determines the position

of the filter relative to the optical path of the light.

Although a considerable variation of yellow colour between one frame and the next is not

reasonably conceivable, the moving means should preferably be adapted to move band-cut

filter 17 from a position of full interference with the whole spot (i.e. a section being

transversal to the propagation direction) of the light beam to a non-interference position

within a time being substantially shorter than 20 ms (corresponding to the frame frequency of

a PAL video signal) or preferably shorter than 16.6 ms (corresponding to the frame frequency

of an NTSC type video signal).

Preferably, filter 17 should be so inserted that the light beam is not distorted; this means that

the reduction of yellow must be homogeneous in the beam, without being limited to the beam

portion intercepted by the filter.

For this purpose, the filter may for example be placed along the optical path upstream of the

inlet of the beam into the integrating bar. Thus, thanks to the action performed by the bar, the

yellow component will be reduced evenly over the whole output beam, even if at the bar inlet

only a portion of the light beam is deprived of yellow.

The advantages of the proposed system are apparent from the above description.

Firstly, it is possible to keep the passbands of the red and green filters as wide as possible, for

example like those shown in Fig. 2, while ensuring, whenever necessary, the saturation of the

primary colours by mechanically inserting filter 17 in the optical path of the light beam in

order to remove the yellow light component from the beam.

Also, as far as high-pressure mercury-vapor lamps are concerned, the projection apparatus

according to the invention allows to obtain a white not having an excessive colour

temperature (i.e. cold) without having to reduce the quantity of green and blue too much.

hi these lamps, in fact, the produced light has a high colour temperature due to a low

percentage of radiation emitted in the spectral region of red, as clearly shown in Fig. Ia.



Furthermore, as mentioned above, according to the prior art the saturation of said red colour is

ensured by further reducing the range of the wavelengths used, and consequently the energy

associated with said colour.

It follows that, in known solutions, obtaining a white not having an excessive colour

temperature (i.e. cold) requires a reduction in the energy of the green and blue components,

resulting in a considerable reduction in brightness.

Although the above-described preferred embodiment example relates to a videoprojector

having a single DMD panel and a light source being of the high-pressure mercury-vapor type,

it is clear that the invention is not limited to said embodiment example and that many changes

may be made thereto by the man skilled in the art without departing from the spirit of the

invention resulting from the present description and from the appended claims.

In fact, the projection apparatus may be of a type utilizing one or three panels of different

kinds: DMD, LCD (Liquid Crystal Display) or LCoS (Liquid Crystal on Silicon).

Likewise, different solutions may be adopted for conveying and guiding the radiation emitted

by the light source. By way of example, the aspheric condenser and the integrating bar may be

replaced, in a per se known way, an array of suitably arranged lenses (also known as "fly's-eye

lenses").

Also, the light source may be of a different type from the one described above: instead of a

mercury-vapor lamp, it is possible to use a xenon lamp. In this case, due to the emission

spectrum of the lamp, it is preferable to eliminate the cyan colour component from the emitted

radiation, and therefore filter 17 shall be adapted to cut those beam components having a

wavelength approximately between 490 nm and 520 nm. An example of such a filter is shown

in Fig. 5, wherein the continuous line represents the emission spectrum of a xenon lamp and

the dashed line represents the band absorbed by filter 17.

Of course, the present invention is not limited to the band of frequencies cut by band-cut filter

17 (which, however, for image or video projection applications should preferably be within

the visible range) nor to the number of band-cut filters in use.

Depending on the light sources employed and on the degree of complexity allowed by the

system, it is in fact possible to use one or more dynamic band-cut filters, i.e. driven through

actuators controlled by a control unit based on information relating to the colours of the image

to be projected.



It is also apparent that band-cut filter 17 may be placed in different locations of the video-

projection apparatus.

For example, filter 17 may be positioned near (preferably inside) a stop located along the

optical path of the light beam.

In the projection apparatus schematized in Fig. 7, two possible positions of a stop located

along the optical path of the light beam are provided: reference number 24 designates the stop

of the system of relay lenses 19, whereas reference number 25 designates the stop of the

projection lens 23.

Usually it turns out to be easier and more advantageous to insert the band-cut filter inside the

stop of the system of relay lenses 19; nevertheless said band-cut filter may also, in addition or

as an alternative, be inserted inside the stop of the projection lens, if allowed by the

mechanical configuration of the lens.

It is also clear that many variations are possible by changing the optical and mechanical

elements which define the optical path of the light beam inside the projection apparatus

according to the invention.

In a further variation, for example, the band-cut filter may be fixed, while a system of

movable mirrors may be used for modifying the optical path of the light beam so as to change

the position of said band-cut filter relative to the optical path of the light beam.



CLAIMS

1. Projection apparatus comprising:

- a light source adapted to generate a visible light beam comprising a plurality of

spectral components,

- optical means adapted to define an optical path of said light beam between said light

source and at least one projection lens, and

- at least one band-cut filter (17) adapted to attenuate a spectral band of said light

beam, and interposed between said light source and said projection lens,

characterized by comprising moving means adapted to change the position of said at

least one band-cut filter (17) dynamically relative to said optical path based on one or

more pieces of information relating to the colours of at least one image to be

projected.

2 . Projection apparatus according to claim 1, characterized in that said moving means

are adapted to move, in particular to translate, said at least one band-cut filter (17).

3. Apparatus according to any of the preceding claims, characterized in that said

moving means are adapted to move said at least one band-cut filter (17) from a

position of interference with the whole spot of said light beam to a non-interference

position within a time being substantially shorter than 20 ms or 16.6 ms.

4. Apparatus according to any of the preceding claims, characterized in that said

moving means comprise piezoelectric actuators.

5. Apparatus according to any of the preceding claims, characterized in that said

moving means comprise VoiceCoil type actuators.

6. Apparatus according to any of the preceding claims, characterized in that said at

least one band-cut filter (17) is fixed, and that said moving means are adapted to

modify the optical path of the light beam.

7. Projection apparatus according to any of the preceding claims, characterized by

comprising a logic control unit adapted to control said moving means.

8. Projection apparatus according to claim 7, characterized by comprising a memory

area adapted to contain at least one piece of information relating to the colours of an

image to be projected, said logic unit being operationally connected to said memory

area and being adapted to control said moving means based on said at least one piece

of information relating to the colours of said image to be projected.



9. Projection apparatus according to claim 8, characterized by comprising at least one

video input adapted to receive a video signal.

10. Projection apparatus according to claim 9, characterized in that said at least one

piece of information relating to the colours of said image is supplied by the RGB

signals of said video signal.

11. Projection apparatus according to claim 10, characterized in that said image

corresponds to a frame of said video signal.

12. Projection apparatus according to any of claims 9 to 11, characterized in that said

control unit is adapted to control said moving means at least at every new frame of

said video signal.

13. Projection apparatus according to any of the preceding claims, characterized in

that said band-cut filter (17) is located between said light source and the inlet of an

integrating bar (18) arranged along the optical path of said light beam.

14. Projection apparatus according to any of the preceding claims, characterized in

that said band-cut filter (17) is located near, preferably inside, a stop (24, 25)

arranged along the optical path of said light beam.

15. Projection apparatus according to claim 14, characterized in that said stop (24) is

located in the system of relay lenses (19).

16. Projection apparatus according to claim 14, characterized in that said stop (25) is

located in the projection lens (23).

17. Projection apparatus according to any of the preceding claims, wherein said band-

cut filter (17) is adapted to attenuate radiations having a wavelength between 570 and

600 nm.

18. Projection apparatus according to any of the preceding claims, wherein said band-

cut filter (17) is adapted to attenuate radiations having a wavelength between 490 and

520 nm.

19. Projection apparatus according to any of the preceding claims, characterized by

comprising at least two band-cut filters (17) adapted to attenuate distinct frequency

bands.

20. Projection apparatus according to any of the preceding claims, characterized in

that said at least one band-cut filter (17) is a notch filter.



21. Method for adjusting a light beam in a projection system in which a light source

generates a visible light beam comprising a plurality of spectral components,

characterized by performing, through a band-cut filter, a dynamic attenuation of at

least one spectral band of said light beam based on one or more pieces of information

relating to the colours of at least one image to be projected.

22. Method according to claim 21, characterized in that said dynamic attenuation is

obtained by changing the position of said band-cut filter (17) dynamically relative to

an optical path of said light beam.

23. Method according to claim 2 1 or 22, characterized by performing said attenuation

as a function of the RGB components of a video signal received by said projection

system.
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