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Image projection apparatus with an autofocusing system.
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The invention relates to an image projection apparatus comprising a
display system having at least a display panel for generating an image to be projected, a
projection lens system for projecting the image formed by the display system on a
projection screen, a focus-error detection system provided with an auxiliary radiation
source which supplies a focus measuring beam, and a detection unit for converting the
focus measuring beam radiation reflected by the projection screen into a focus-error
signal. |

The term image projection device is considered to have a wide meaning
and comprises a device for displaying. tor example a video image, a graphic image,
numerical information or a combination thereof. The images may be both monochrome
and color images. In the latter case the display system may comprise three chrominance
channels for, for example the primary colors red, green and blue, each accommodating
a display panel. A display panel may be constituted b)} the display screen of a cathode
ray tube but is preferably a liquid crystalline panel. In the latter case the display system
comprises an illumination unit for illuminating the panel or the panels.

In the current image projection devices which comprise one projection
lens system in the form of a zoom lens for projecting a magnified image on a projection
screen which is present at, for example several meters from the projection device, each
change of the projection distance necessitates refocusing of the image by readjusting the
zoom lens manually or possibly via a remote control unit. Moreover, optical elements
of the image projection device may be displaced with respect to each other due to, inrer
alia temperature variations, so that the projected image may be defocused. The known
image projection devices thus require an additional quantity of time, attention and
expertise of the use!_'._"lThe convenience of use of an image projection device would be
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a cat hogg invisible, infrared measuring beam to the screen and in which the radiation beam
reflected by the screen is received by a position-sensitive detector is described in the
published Japanese Patent Application (Kokai) 3-149538. The distance between the
screen and a reference plane, the plane of the radiation source and/or the detector can

10 be determined by means of this system which is referred to as triangulation system.
This information is used to displace the entire projection lens system along the optical
axis so that the distance between this system and the screen can be adapted to the focal
length of the projection lens system. This system has the drawback that the measuring
beam is optically not coupled to the projection lens systemn and the display panel so that

IS it is not ensured that the focal length of the projection lens system is always adapted to
the distance between the screen and the display panel.

It is an object of the present invention to provide a focus-error detection
30 system for an image projection apparatus which is based on a novel concept and is very
efficient and inexpensive. To this end the image projection device according to the
invention is charactérized in that the auxiliary radiation source is arranged in a plane
which, viewed from the projection lens system, effectively coincides with the plane of a
display panel, the auxiliary radiation source is imaged by the projection lens system into
25 a spot on the projection screen, an auxiliary lens system is provided for imaging the
spot into a secondary spot on the detection unit and in that this unit is a spot size
measuring unit.
This focus-error detection system detects whether the display panel is
always Sharply imaged on the projection screen, independent of the distance between the
30 projection lens system and the image projection device, so that e.g. the focal length of
the projection lens system can be adjusted if that is not the case. Moreover, the focus-

error is measured via the projection lens system. This Sheet Has Been Reﬂlaced
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5 effectively arranged in the plane of a display panel but from the main radiation source

which supplies the projection beam, which source is arranged behind the display panel.
In the known apparatus the distance between the main radiation source and the
projection screen is measured and not the distance between a display panel and the
projection screen. Moreover, in this apparatus the focus measuring beam is not focused

0 to a spot on the projection screen and for measuring a focus-error it is necessary to
move a reflector normally arranged in one the colour channels outside this channel so
that the focus measuring beam can reach a sensor positioned in the light path behind
said mirror. _

The reflected focus measuring beam is the beam formed by that part of

{5 the focus measuring beam radiation reflected by the projection screen that is captured by
the auxiliary lens system and reaches the detection unit. Since the projection screen
should spread the signal-light from the display system over a large viewer’s space, it
behaves as a diffuse reflector for the focus measuring beam. As a result ohly a part of
the focus measuring beam radiation reflected by the projection screen enters the

20 auxiliary lens system so as to be concentrated on the detection system. The intensity of
this part of the reflected focus measuring beam radiation is sufficiently large to generate
a suitable focus-error signal.

The adjustment of the focal length of the projection lens system may be
effected by moving the entire projection lens system along its optical axis under control

25 of the focus-error signal.

An image projection device in which the projection lens system is a zoom
lens is preferably further characterized in that the focus-error signal is applied to an
actuator for an adjustable lens group of the zoom lens.

The adjustable lens group is preferably the group referred to as front

30 group of the zoom lens.

It is to be noted that an image projection device in which an automatic

focus-error detection system controls the front group of a zoom projection lens system
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The image projection device may be further characterized in that the
auxiliary radiation source is present in the plane of the display panel outside this panel.
5 [t should then be ensured that the screen is larger than the largest size of
the projected image.
| This is no longer necessary in a preferred embodiment of the image
projection device which is characterized in that the auxiliary radiation source is
arranged in a plane which is the mirror image of the plane of a display panel with

10 respect to a wavelength-selective reflector extending at an acute angle to the optical axis
of the projection lens system.

This reflector is, for example, a dichroic mirror which reflects the visible
light from the display panel and passes the radiation, for example infrared radiation
from the auxiliary radiation source.

15 ~ This embodiment is preferably further characterized in that the acute angle
i= - 1 angle of 45° and in that the auxiliary radiation source is in an even line with said
optical axis.

- Then the focus-error is measured on the optical axis of the projection lens
system, which has the advantage that the focus measuring beam is perpendicularly

20 incident on the projection screen.

Also with respect to the detection unit several embodiments are possible.
A first embodiment of such unit is characterized in that it comprises a CCD-photodiode
matrix arranged at the position where the secondary spot is formed upon correct
imaging of the auxiliary radiation source on the projection screen.

25 In this embodiment the size of the secondary spot is measured by
electronic means and the number of optical elements is minimum.

In order to increase the capture range while maintaining the sensitivity,
this embodiment, and other embodiments to be described later on may be further
characterized in that a first surface of the detection unit, through which the reflected

30 focus measuring beam enters this unit, is arranged at an acute angle with the optical
axis of the auxiliary lens system,

An embodiment of the apparatus which is alternative to the embodiment
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ef fectivel y coi nci Tbe latier lentbodimenmtrmeaypbe durther characterized in that the size of the
diaphragm opening corresponds to the size of the secondary spot formed when the focus
‘measuring beam is focused on the projection screen. A focus-error signal with a large
10 signal to noise ratio can be obtained then.

Alternatively, the embodiment may be characterized in that the diaphragm
opening is a slit, the length direction of which is parallel to the direction along which
the secondary spot moves upon displacement of the projection screen along the optical
axis of the projection lens system. An increased capture range is obtained then while the

15 sensitivity is maintained.

Another embodiment, also having a large capture range, is characterized
in that the detection unit comprises in this order and viewed from the auxiliary lens
system, an anamorphotic system, a diaphragm having a slit opening with the slit-
direction substantially parallel to the direction of maximum power of the anamorphotic

20 system, and a photodetector. The anamorphotic system may comprise one or two
cylindrical lenses or prisms.

In order to detect both the magnitude and the sign of a focus-error ail of
the above embodiments are characterized in that means are provided for periodically
moving the first spot with respect to the projection screen and in that the output of the

25 detection unit is coupled to one input of a signal processing circuit, another input of
which is coupled to the said means for axially moving the first spot.

' The said means my be constituted by an actuator for periodically and
axially moving the auxiliary radiation source or by an actuator for periodically moving
the projection lens system or a movable lens group of this lens system.

30 With axial is meant along the optical axis of the projection lens system.

A further embodiment wherein the output signal of the detection unit is

indicative of the magnitude and the sign of a focus-error is characterized in that the
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and a second direction perpendicular to the first direction and in that the detection unit
comprises a number of detectors corresponding to the number of radiation emitting
5 elements.

These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter. In the drawings:
{0 Figure 1 shows the diagram of a known image projection apparatus,
Figure 2 shows an image projection apparatus with a focus servo system
according to the invention,
Figure 3 shows a projection lens system for use in this apparatus,
Figure 4 shows a first embodiment of a focus-error detection system,
{5 Figure 5 shows a detection unit for such system,
Figure 6 shows a sccond embodiment of a focus-error detection system,
Figure 7 shows the output signal from this system,
Figure 8 shows the autput signal of a focus-error detection system with an
axially moving spot,
20 Figure 9 shows a first embodiment of such system,
Figure 10 shows the operating principle of this system,
Figure 11 shows a second embodiment of a focus-error detection system
with an axially moving spot, |
Figures 12A and 12B show an embodiment of a focus-error detection
25 system with a multiple radiation source,
Figures 13A and 13B show a focus-error detection system with a slit
diaphragm,
Figures 14A and 14B show a focus-error detection system with a
Cylindrical lens and a slit diaphragm, and
Figure 15 shows why and how the detection unit should be tilted.
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example a liquid crystal display (or LCD) panel. Such a panel comprises a layer of

liquid crystalline material 4, for example of the nematic type which is enclosed between

two transparent plates 2 and 3, for example of glass. Drive electrodes 5 and 6 are

10 arranged on each plate. These electrodes may be arranged in a large number of rows
and columns,'thus defining a large number of pixels in the display panel. The different
pixels are driven by driving the matrix electrodes as is diagrammatically shown by
means of the drive terminals 7 and 8. Thus, an electric field can be applied at the
desired positions across the liquid crystalline material 4. Such an electric field causes a

15 variation of the effective refractive index of the material 4 so that the light passing
through a given pixel undergoes or does not undergo a rotation of the direction of
polarization, dependent on the absence or presence of a local electric field at the
location of the relevant pixel.

Instead of this passive-drive image display panel, an active-drive panel

20 may be used. In the last-mentioned display panel one of the supporting plates comprises
an electrode while the other plate is provided with the semiconductor drive electronics.
Each pixel is now driven by its own active drive element such as, for example a thin-
film transistor. Both types of direct-drive display panels are described in, for example
European Patent Application no. 0 266 184.

25 The beam incident on the display panel 1 should be polarized, preferably
linearly polarized. However, the illumination system A produces unpolarized light. A
linearly polarized component having the desired direction of polarization is selected
from this light by means of a polarizer 10. An analyzer 11 whose direction of
polarization is, for example effectively parallel to that of the polarizer 10 is arranged in

30 the path of the light passed by the dispiay panel. Consequently, the light from those
Pixels which are energized and which do not change the direction of polarization of the
beam is passed by the analyzer towards a projection lens system C. The light from the
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the lamp. This condensor system may be implemented as described in US Patent

5,046,837 and has not only a large light-collection power but also a low throughput so
10 that the numerical aperture and cross-section of further optical elements in the
projection device, such as the projection lens C, may remain limited, which has a
favourable effect on the cost price of the device.
The illumination system is preferably implemented as described in EP
Patent Application no. 0 395 156 and comprises two lens plates as extra elements. It is
15 thereby achieved that the cross-section of the illumination beam at the area of a display
panel corresponds to the surface area of this panel to be illuminated and that this beam
has a uniform intensity distribution. The available light is then used to an optimum
extent and the image on the projection screen has a uniform brightness. |
An illumination system which has optimum properties as far as the use of
20 light is concemned and which is preferably used in the image projection device is
described in European Patent Application no. 0 467 447. This illumination system
comprises a special polarization-sensitive beam splitter and a polarization rotator. The
beam splitter splits the incident illumination beam into two sub-beams having different
directions of polarization, one of which is directly suitable for modulation by the display
25 panel. The polarization rotator converts the second sub-beam into a beam having the
same direction of polarization as the first sub-beam. The sub-beams exiting from the
combination of beam splitter and polarization rotator jointly constitute one beam which
passes through the display system with the suitable direction of polarization.
Said embodiments of the illumination system have been found very useful
30 in practice, because they yield a large light intensity per surface unit on the projection
screen, in spite of the fact that a liquid crystalline display panel has a low transmission
and, moreover, is imaged in a magnified form.
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projection device may be further characterized in that the auxiliary
radi ati on source i Whenetherimage projectiomdeviod deseeibed sabowy ipoperated ithei der t hi s
panel . will first have to focus the projected image on the projection screen manually, i.e. he
will have to adapt the focusing of the projection lens to the distance between the plane
of a display panel and the screen. During use, this distance may change due to, for
5 example temperature variations within the projection device, or movements of the
projection screen. Then the user must focus again. Moreover, the projection lens may
be in the form of a zoom lens for adjusting the size of the projected image or a part of
this image. For a conventional image projection device such a zoom lens will not only
have to comprise a main lens group, a front lens group and a variator lens group with
t0 which the image size is adjusted, but also a compensator lens group with which the
focus variation due to the movement of the variator group is compensated. By providing
the image projection device with an automatic focus servo system according to the
invention, not only the manual focus setting may be dispensed with but it is also
sufficient to use a zoom lens comprising the three first-mentioned lens groups only. In
{5 fact, a focus-error caused by zooming is now detected by means of the focus servo
system and eliminated by moving the front lens group. A zoom lens having three lens
groups can be made at lower cost than a zoom lens having four lens groups, which is
important, particularly for consumer apparatuses.
Figure 2 shows the principle of the image projection device according to
20 the invention by way of an example of a color television projection device. This device
again comprises the three main portions: the illumination system A, the display system
B and the projection lens system C in the form of a zoom lens. The principal axis OO’
of the illumination system is in alignment with the optical axis DD’ of the apparatus
which in the embodiment shown is first divided into three sub-axes, which sub-axes are
25 later combined to one optical axis which may coincide with the optical axis EE" of the
projection lens system. To obtain an optimum image contrast, the axis EE’ may
effectively extend at an acute angle to said sub-axes. Effectively is understood to mean:
apart from possible angles of 90° caused by reflectors, as occur in Figure 2.
The beam from illumination system A is incident on a color-selective
30 reflector 20, for example & dichroic mirror which reflects, for example the blue color
component b, and passes the rest of the beam. This beam portion meets a second color-
selective reflector 21 which reflects the green color component bg and passes the
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with the blue information reaches the projection lens system C via a color-selective
reflector 24, which passes the blue beam and reflects the green beam, and a further
color-selective reflector 25 which reflects the blue beam. The green beam bg traverses a
10 second display panel 27 where it is modulated with the green image component and is
then successively reflected towards the projection lens system C by the color-selective
reflectors 24 and 25. The red beam by traverses a third display panel 28 where it is
modulated with the red image component and subsequently reaches the projection lens
system C via the reflector 22 and the color-selective reflector 25.
15 The blue, red and green beams are superimposed at the input of this lens
systém so that a color image which is magnified by this system on a projection screen
not shown in Figure 2 is produced at this input.
The optical path lengths between the output of the illumination system A
and each of the display panels 26, 27 and 28 are preferably equal so that the cross-
20 sections of the beams by, b and by are equal at the area of their display panels.
Moreover, the optical path lengths between the display panels 26, 27 and 28 and the
entrance aperture of the projection lens system are equal so that all the differently
colored scenes are satisfactorily focused on the projection screen.
Lenses 40, 41 and 42 may be arranged in front of each one of the display
25 panels 26, 27 and 28, which lenses jointly ensure that all radiation from the exit plane
of the illumination system is concentrated in the entrance pupil of the projection lens
system C. Such lenses 40, 41, 42 may alternatively be arranged behind the display
panels instead of in front of them. It is alternatively possible to have the function of
each lens fulfilled by two lenses. one of which is arranged in front of each display panel
30 and the other is arranged behind each display panel.
Instead of the transmissive display panels shown in Figure 2 the image

Projection device may comprise reflective display panels. Such device may be
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only one display panel, viz. a composite-or-color panel. This color panel then comprises

5 a number of pixels which is, for example three times as large as the number of pixels of

a monochrome panel. The pixels of the color panel are arranged in accordance with
three groups with which a red, a green and a blue sub-image is generated. One pixel of
each group is associated with a single pixel on the projection screen. For example, a
separate color filter is arranged in front of each pixel, which color filter only passes the

10 color desired for the relevant pixel. This color panel may also be a transmissive panel
or a reflective panel.

The three chrominance channels of the color image projection device may
alternatively be accommodated in separate units each comprising their own illumination
system and a display panel. The red, green and blue beams supplied by these units and

15 modulated with image tnformation are combined by, for example dichroic mirrors and
subsequently reach the projection lens. Such an embodiment of the image projection
device is shown in Figure 29 ot EP Application no. 0 467 447.

The focus servo system comprises a radiation source 50, a radiation-

sensitive detection system 60, an ¢lectronic amplifier-and-control circuit CA and a

20 motor M. The source 50 emits invisible radiation, and is for example a light-emitting
diode or a semiconductor laser emitting an infrared radiation beam b. The reflectors 22
and 25 are formed in such a way that they pass this beam. The beam b subsequently
traverses the projection lens C and forms a radiation spot (S) on the projection screen
(D). This radiation spot is the image of the source S0 formed by the projection lens.

25 The projection screen reflects a part of the radiation of the beam b towards the detection
system 60 which comprises a lens 61 and a detector 62. The lens 61 re-images the spot
S into a secondary spot S’ on the detector 62. The detector 62 supplies an output signal,
or focus-error signal, S; which is dependent on the extent to which the source S0 is
sharply imaged on this screen, as will be described hereinafter. Since the plane of the

30 source 50 is the mirror image with respect to the reflector 22, the reflector 25 and the

reflectors 24 and 25 of the plane of the display panels 28, 26 and 27, respectively, the

signal S, is also indicative of the extent to which these panels are focused on the screen.
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5 To this end the signal S, is applied to the electronic amplifier and control circuit CA
which supplies a control signal S, for the motor M. For example, the focusing group of
the projection lens can be moved with respect to the other lens group of the lens by
means of this motor.

Figure 3 shows an embodiment of a projection zoom lens. This lens has

10 three lens groups G,, G, and G, each comprising a plurality of lens elements. G, is the
main lens group which supplies the greater part of the lens power. G, is the focusing
lens group, or the front lens group which faces the display system and with which the
focus can be set by moving it by means of the motor M and the symbolically shown
rack (55) and pinion (56) gearing. A variator group G, is arranged between the groups

15 G, and G;. This group may be moved in the space between the groups G, and G; by a
further motor (not shown) so that the focal length can be adjusted. Such a movement
causes a change of the image plane of the projection lens, which change must be
compensated for. However, since this change is detected by the focus-error detection
system, it can be compensated by moving the front group G,. The image sharpness or

20 definition on the projection screen could also be controlled by means of a fourth,
movable lens group referred to as compensator group whose movement is coupled to
that of the variator group so as to be able to compensate for the change in image plane
due to movement of the variator group. Such a fourth lens group renders the projection
lens more complex and expensive.

3 Figure 4 shows schematically a first embodiment of the focus-error
detection system. The element corresponding to those of Figure 2 are indicated by the
same reference numerals. Since the projection screen D is a diffusing screen part of the
radiation of the focus measuring beam b is diffusely reflected, so that the spot S can be
considered as a secondary radiation source. Part of the reflected radiation, i.e. the

30 reflected focus measuring beam, is incident on lens 61. This lens images the secondary

radiation source S into a spot S’ on the detector 62. Preferably the lens 61 has a large

depth of focus so that the image is formed at a constant distance f* from this lens
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located. Instead of a two-dimensional array also a linear array of photodiodes can be
10 used. The photodiodes can be read out viu line and/or column electrodes which are
i coupled to an electronic circuit for processing the diode signals and wherein the number
of illuminated diodes is counted.
In Figure 6 a second embodiment of the focus-error detection system is
depicted. This embodiment comprises a diaphragm 70 at the location where the image
IS S of the spot S is formed when the focus measuring beam is sharply focused on the
projection screen D, and a photodetector 72 arranged behind this diaphragm. The
opening 71 of the diaphragm corresponds to the size the spot S’ has if the spot S is a
sharp image of the radiation source 50. In the optimum focus condition, i.e. when the
focal length of the projection lens C is adapted to the mutual distance of the source 50
20 and the screen D, the signal §; is maximum. When this mutual distance changes the
signal S; decreases.
The signal S; as a function of the focus condition 2 of this embodiment
and that of the embodiment of Figures 4 and 5 is shown in Figure 7. This signal has
only one polarity so that it can only be determined that there is a deviation from the
35 optimum focus condition Z,, but not the sign of such deviation. To determined also this
sign, the focus-error should have a shape as shown in Figure 8. Such signal can be
obtained by providing the system with means which provoke a periodic movement of
the spot S along the optical axis ZZ' of the projection lens. This periodic moment can
be obtained by periodically moving the radiation source SO along the ZZ' axis. As is
30 shown in Figure 9, the radiation source may to this end be arranged on a piezoelectric
element 80 which is energized by a periodical voltage V,, from a source 81 so that the
radiation source is periodically displaced with a small amplitude along the optical axis
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char acterized in that the radiation source corrprl ses at | east two radiation
emtting elenents displaced fromone
of the projection lens system C. The image S of the diode laser 50 formed by this

system is then displaced periodically along the ZZ' axis so that the amplitude of the
detector signal S, varies periodically.
Figure 10 illustrates the operation of the focus-error detection system in
5 accordance with Figure 9 with reference to five diagrams. The first diagram, indicated
by S, shows the variation of the amplitude Am of the detector signal as a function of
the position Z of the projection screen D if the voltage source 81 is switched off. The
amplitude is maximal, A, if the screen is at the position of the image S of the
radiation source 50, i.e. if the focus measuring beam b is focused on the screen. The
10 amplitude will be smaller upon defocusing and assumes the values A,, |, A,,, if the
’ scieen is shifted towards the position Z,, Z,, respectively, at one side of the image S.
When shifting the screen towards the position -Z,, -Z,, at the other side of the image S,
the amplitude of the detector signal wiil be A,, |, A, respectively.
The lower part of Figure 10 shows, as a function of time t, the variation
15 of the voltage V|, of the radiation source with which the actuator 80 is energized. This
voltage has a period T. Dependent on the position of the screen, the periodical
displacement of the image S caused by the voltage V, will have a different effect on the
detector signal. As is shown in Figure 9, this signal is applied to a filter 82 which
passes the AC component only. The right-hand part of Figure 10 shows the ﬁltered
20 detector signal Sy, which is obtained if the focus measuring beam b is focused on the
\ projection screen. The periodical position modulation of the image S results in that the
beam initially focused on the screen is first defocused, subsequently focused again, then
defocused again, and so forth, The filtered detector signal S,, thereby has a period T/2,
hence a frequency which is twice that of the voltage Vy. If the screen is at the position
35 Z,, the voltage Vj, results in the defocusing becoming alternately smaller and larger.
The filtered output signal S,; which is then obtained has a frequency which is equal to
that of the voltage V,, and an amplitude which is dependent on the position Z,. If the
screen is in the position -Z,, i.e. the defocusing is equally large but opposite to that
with the screen in the position Z,, a filtered detector signal Sy is obtained which has
30 the same frequency and amplitude as the signal So;, but which is shifted 180° in phase.

The filtered detector signal is compared with the signal V, in a
synchronous detection circuit 83, Figure 9. If both signals have a different frequency,
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error signal supplied by the synchronous detection circuit.

Under normal circumstances it suffices that the projection apparatus sets
its focus automatically before starting a program or in the interval between two
successive programs. A periodically varying, or dynamic, focus-error signal can be

10 obtained alternatively, namely be small periodic movement during the focus-setting

. R

stage of the lens means, which are used for focus correction, i.e. by periodic movement |
of the whole projection lens system C or of the front group of this system. This
possibility is illustrated in Figure 11. The embodiment of this Figure comprises the
same components as that of Figure 9, with the exception that the periodic voltage V,, of

15 the source 81 now drives an actuator 85 for moving the projection lens C or part
thereof. The focus-error signal S, obtained from the detection circuit 83 can be supplied
to the same actuator when the latter is constructed such as to perform both small fast
movements and large movéments. After the description of the embodiment of Figures 9
and 10 the embodiment of Figure 11 needs no further explanation.

20 Figures 12A and 12B shows an embodiment of a focus-error detection

' system that supplies a focus-error signal indicating both the magnitude and sense of a
focus-error without using a periodically moving element. For clearness sake this system
is represented in two figures; Figure 12A shows the radiation paths from the radiation
sources onto the screen D and Figure 12B the radiation paths from this screen onto the

25 detectors. Two stationary radiation sources 90, 91, LED’s or diodelasers, are used
which are displaced in both the Z- and X-directions, with respect to a point 58 which
may represent the centre of display panel 28 (Figure 1) and is imaged into spot S on the
screen. When the focal length of the projection lens system C is such that said panel is
sharply imaged on the screen D, the focus measuring beams b, and b, of the radiation

30 sources 90 and 91 are focused respectively in a point 90" behind the screen and in a
point 91° in front of the screen. The beams b, and b, thus form spot S; and S, onto the

screen, which spots constitute secondary radiation sources. These sources have the same
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from the spots S, and S, are captured by the lens 61, which forms images S," and S,' on

(¥ )

a diaphragm 93. This diaphragm is located in the plane where spot S is imaged when
point 38 is sharply imaged on screen D and has two openings 94 and 95. Behind each
of these openings a detector 96, 97 is arranged. The outputs of these detectors are
coupled to the input of a differential amplifier 98,

In the in-focus conditions the sizes of spots S, and S, are equal and

10 consequently also those of spots S," and S,". The detectors 96 and 97 then receive the
same amount of radiation and the focus-error signal is then for example zero. When the
screen D moves to the right with respect to the projection lens C, the spots S, and S;°
become smaller and the spots S; and S," larger. Consequently less radiation of beam b,

reaches detector 97 and more radiation of beam b, , reaches detector 96. The focus-error

S am e . o o a0

15 signal is then positive. When the screen D moves to the left the size of the spots S, and
S, increases and that of the spots §. and S,’ decreases and the focus-error signal
becomes negative.

Instead of the combination of the diaphragm 93 and the two detectors 96
and 97, in the embodiment of Figures {2A and 12B two CCD-sensor may be used,

20 which sensors should be located in the plane of diaphragm 93. The two sensors may be

’ replaced by a single CCD-sensor being provided with the possibility to measure
separately the size of two spots. '

In the embodiments described above each combination of a diaphragm slit
and a detector may be replaced by a detector having a radiation surface corresponding

25 to the size the image spot (S'; S,": S,") has when the source (50; 90; 91) is focused on
the screen D.

In all embodiments described so far the size of the diaphragm opening, or
of the radiation-sensitive surface of the detector is preferably of the same order as the
size the image spot S’ has when the radiation source is focused on the projection screen

30 in order to have maximum sensitivity for focus-errors.

When. the screen D moves over longer distances to the right or to the left
in Figures 4, 6, 9, 11 or 12 not only the size of the image spot S" will increase, but
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also the direction of the chief ray of the reflected focus measuring beam b, captured by

lens 61 will change, so that the image spot will move downwards or upwards in the
plane of drawing of said Figures. If, for high sensitivity, the diaphragm opening or the
sensing surface of the detector is small, it could happen that the image spot walks off
5 from these element so that the focus-error signal gets lost.
This is prevented in the embodiment shown in Figure 13A wherein a
diaphragm 100 with a slit-shaped opening 10l is arranged in front of a detector 102.
Figure 13B shows a view along line AA’ of Figure 13A of the slit 101 in solid lines.
and of the underlying detector 102, The slit extends in a direction in the plane of _
* 10 drawings of Figure 13A and perpendicular to the optical axis of lens 61. In the in-focus
condition the image spot will have the position and size of spot S® so that the detector
will receive a maximum amount of radiation. When defocusing occurs the image spot
will become larger and will move for example to the right as indicated by spot S". The

detector will receive then less radiation and it will continue to receive radiation because

I5 the diaphragm slit and detector are sufticient long.

.Another possibility to increase the capture range of the focus-error
detection system while maintaining the sensitivity resides in arranging a cylindrical lens
in the path of the reflected focus-measuring beam and to use a slit diaphragm. These
elements 111 and 112 respectively are shown in Figure 14A arranged one behind the

20 other along the Z'-direction, i.e. the direction the chief ray of the reflected focus-error

’ beam has in the in-focus condition. Figure 14B shows in a perspective view the
radiation path of the reflected beam b, from an imaging lens 110 onto the detector 114,
The elements of Figure 14B are rotated over 90° about the chief-ray of beam b, with
respect to those of Figure 14A. In Figure 14A the cylinder axis of the lens 111 is

25 perpendicular to the plane of the drawing. This lens together with the lens 110 images
the spot S into an elongated spot ES on the diaphragm 112 having a slit 113 extending
in the plane of drawing of Figure 14A and located on the chief-ray of the beam b.. The
radiation passing through this slit is converted into an electrical signal by the detector
114,

30 In the in-focus condition the elongated spot ES has a minimum size, so

that the amount of radiation passing through the diaphragm slit and received by the
detector 114 is maximum. In this embodiment only part of the radiation of beam b, can
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Instead of with a single cylindrical lens the elongated spot ES can be

10 obtained with a combination of two such lenses having parallel cylinder-axes, or with
one or {wo prisms, or in general with a so-called anamorphotic system, i.e. a system
which has in a first direction an optical power considerably different from the optical
power in a second direction perpendicular to the first direction.

The embodiments of Figures 13A-14B having slit diaphragms and wherein

15 only part of radiation of the focus measuring beam is utilized will function satistactorily
if this beam has sufficient intensity.

An embodiment of the focus-error detection system wherein a focus
measuring beam having a lower intensity can be used, while stilt having.a high
sensitivity and a large capture range has the detector, or detector-diaphragm unit

20 arranged at an angle smaller than 90° with the optical axis of the iens 61, such that the

* image spot will always be formed on the detector. The principle of this embodiment is

depicted in Figure 15. For clearness sake type the dimensions in the Y-direction are
exaggerated relative to those in the X-direction. The auxiliary radiation source 50 is
arranged at a distance Y from the optical axis OO’ of the projection lens system and at

25 a distance X from this lens system. The position P, of the screen D is the in-focus
position. In this position the radiation source is imaged into a spot S, of minimum size
on the screen. This spot is re-imaged by the lens 61 into a spot S’ at a distance Y’
from the optical axis BB’ of the lens 6! and at a distance Xy’ from this lens. When the
screen is displaced towards the right into the position P;, a spot §, is formed on the

30 screen. The lens 61 re-images this spot into a spot S;’, located at a distance Y,', which
is smaller than Y,, from the optical axis BB’ and at a distance X,’, which is smaller
than X,* from the lens 61, When the screen is displaced towards the left in the position
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stJncgn}kz Mhich is larger than X', from the lens. So, upon larger displacements of
the screen the re-imaged spot moves along the line 120 through the locations of spots

5 S, Sy and S,". When the detector, or detector-diaphragm unit, is oriented in this
direction the capture range of the focus-error detection system is larger, for example
from 2 meters to 15 meters and the sensitivity is still high. In general it is the first
surface of the detection unit, through which surface the reflected focus measuring beam
enters this unit, that should have the orientation of line 120.

10 It is remarked that the angle ¢ between the line 120 and the optical axis is
exaggerated, due to the exaggeration of the Y-dimensions. In practice this angle ¢ will
be determined by the distances in the X- and Y-directions between the elements of the

system. From Figure 15 it will be clear that:

y Y

X X
1S wherein Y is the distance between spot S, and the optical axis OO’ and X, is the
distance between the projection lens system and the screen.

On the other hand for the position of the image spot S,’ holds:

Yo/ _ Y, d-ys
* X/ X
wherein Y, is the distance between the optical axes OO’ and BB’. This can be written

20 as:

In the preferred case that the source 50 is located at the optical axis OO’, so for Y = 0,
holds: '

Yd
Yu/ = xu/ 'Z

25 In practice it may be required that the distance X, can be varied between 2 and 15
meters and that the resulting movement of the image spot over the detector should be
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panel corresponds to the surface area of this panel to be illum nated and L/{
that this beamhas a uniformintensity distribution. The available light is
then used ?Re@g“ mum extent and the inmage on the projection screen has a
uni form b?&"g\l}t : ' An illurdlnation system which has 1885i 9%
properties as far as the use of light is concerned and which is preferably
used in the inage projection device is described in European Patent

Applicati Qlaims: 0 467 447. This illum nati on system conprises a speci al

pol ari zati on-sensitive beamsplitter and a polarization rotator. The beam
splitter splits the incident illumnation beaminto t Wit ied g
different directions of polarization, one of which is d H le for
nodul ati on by the display panel. The pol arization rotat i e
second sub-beaminto a beam having the sane direction of polarization as
the first sub-beam The sub-beans exiting fromthe conbinati on of beam
splitter and polarization rotator jointly constitute one beam whi ch passes
t hrough the di spl ayu?\ stemw.th the suitable direction of polarization.

Sai d emboti ments of ° W‘EﬁWHa‘%HP&FFS‘E%?@H‘ﬁ%é been found very useful in

practice,. b g Vi ; | I [ f QL t, on
Phe prof et onage diiplaysySict Ral@Baf A She ol tsplayfinck r Akt on
di spl ay panghageato be poyjettedinsni ssi on and, noreover, is inmaged in a

magni fied form, . . . .
- a projection lens system for projecting the image from the display system on a

. 5 projection screen, and

P - a focus error detection system having an auxiliary radiation source delivering a focus
measuring beam and a detection unit for converting the focus-measuring beam
reflected by the screen in a focus-error signal,

characterized in that
10 - the auxiliary radiation source is arranged in a plane which, viewed from the
:! projection lens system, effectively coincides with the plane of an image display
panel,
- the auxiliary radiation source v :maged by the projection lens system into a spot on

the projection screen,

15 - an auxiliary lens system is provided for imaging the spot into a secondary spot on the
detection unit, |
- and in that this unit is a spot-size measuring unit.
2. Image projection apparatus as claimed in Claim 1, wherein the projection
lens system is a zoomlens, characterized in that the focus-error signal is applied to an
20 actuator of a movable lens group of the zoomlens.
3. Image projection apparatus as claimed in Claim | or 2, characterized in
that the auxiliary radiation source is arranged in the plane of the display panel outside

this panel.

4. Image projection apparatus as claimed in Claim 1 or 2, characterized in

)
h

that the auxiliary radiation source is arranged in a plane which is the mirror image of
the plane of a display panel with respect to a wavelength-selective reflector which is

arranged at an acute angle to the optical axis of the projection lens system. o

| AR




9 When the i mage projection device descrlbed above is

operated, the user will first have to f ocudhis ®¢rage on the
projectig manual Iy, i.e. he will hav focusi ng of the
proj ectl%('g @%ﬁso the di stance bet vveen“?-he pl ay phheB. a8d

the screen. During use, this distance may change due to for exanple
tenperature variations within the projection device, novenents of the
5. [mage projection apparatus as claimed in Claim 4, characterized in that

the acute angle is an angle of 45° and in that the auxiliary radiation source is arranged
in an even line with the said optical axis.

6. Image projection apparatus as claimed in Claim 1, 2, 3, 4 or 5,

Lh

characterized in that the detection unit comprises a CCD photodiode matrix arranged at
the position where the secondary spot is formed upon correct imaging of the auxiliary
radiation source onto the projection screen.
7. Image projection apparatus as claimed in Claim 1, 2, 3, 4, 5 or 6.
characterized in that a first surface of the detection unit through which the reflected
10 focus measuring beam enters this unit is arranged at an acute angle with the optical axis
of the auxiliary lens system.
8. Image projection apparatus as claimed in Claim 1, 2, 3, 4 or §5,
characterized in that the detection unit comprises:
- a diaphragm arranged at the position where the secondary spot is formed upon sharp
15 imaging of the aux,iliafy source onto the projection screen; and
- a photodetector arranged behind the diaphragm opening.
9. Image projection apparatus as claimed in Claim 8, characterized in that
the size of the diaphragm opening corresponds to the size of the secondary spot formed
when the focus measuring beam is focused on the projection screen.
20 10. Image projection apparatus as claimed in Claim 8, characterized in that
. the diaphragm opening is a slit, the length direction of which is parallel to the direction
' along which the secondary spot moves upon displacement of the projection screen along
i the optical axis of the projection lens system,
1. Image projection apparatus as claimed in Claim 8, characterized in that
25 the detection unit comprises, in this order and viewed from the auxiliary lens system, an
anamorphotic system, a diaphragm having a slit opening with the slit direction.
substantially parallel to the direction of maximum optical power of the anamorphotic
system, and a photodetector.
12. Image projection apparatus as claimed in any one of Claims 1 to i1,
30 characterized in that means are provided for axially moving the first spot with respect to
the projection screen and in that the output of the detection unit is coupled to one input

of a signal processing circuit, another input of which is coupled to the said means for
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projection screen. Then the user nust focus again. Mreover, the projection

| ens maydbe in the form of ? zcﬁomlens for adgklds I n tl?e s;%eﬁgf t he
proj ected | r.,a part of this inmage. Eqr ge
proj ect i oné%f%glguch a zoomlens will n@g onl m;m@&mn se &9.08i1993
| ens group, a front |lens group and a variator | ] whi ch the

I mge size is adjusted, but also a conpensator |ens group with which the

f ocus var i atalbn mibweng thet fisst spotenent of the variator group is conpensated.
By providing the inmage projection device with an automatic focus servo
system accb’gdi ng to {TAES PRAISCHIOBRPPATAUDAY glaimed Hakilsm 1 harastarizedgnrthgt be

di d wit te ity i : | ising th
Chroe r1 r e e ok axtaliyFndagdhé ik hor e HRuRuEP BY o Rl B oca by
zoom ng i sperivdicklyeaideakiblly Mty te abaliigCruAiBion\Wur%st em and el i m nat ed

by noving the front Iens group. A zoomlens having three |ens groups can be
made atJl oMer cost tHadgeaprRinsHonApparsng ayclrbned ireflaigr bupharaoterizediis that

[ t ant, ti | > t ' 2
Shove. ¢ ne' PP o Gk anoREINE i BRT R HiBRhued by gnchptorfarfe

shovs ¢ he 'Ar (HEA'BI'E" & f rREeLRE At Poldhe
Thi & devi 4 S Do RO e B of Bt R TPt | o

system A, Ihe di spl almagesprejecHoarmppatatupavflairhédin apnensyf tienClims It foel f,or m

of a zoom | ens. The principal .axis OO . . ..
characterized in that the radiation source comprises at least two radiation emitting

' 10 elements displaced from one another in both a first direction parallel to the optical axis
of the projection lens system and a second direction perpendicular to the first direction
and in that the detection unit comprises a number of detectors corresponding to the

number of radiation emitting elements.

-
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of the illum nation systemis in alignment with:the optical axis DD of the S
apparatus which in the enbodi nent shown is first divided into three

sub- axes, MHNcM 4yB- axes are | ater conbingg to one optical axis which may
coincide with the optical axis EE of the“projection |ens system [B0Ihoain

an optimuminmage contrast, the axis EE may effectively extend at an acute
angle to S&ﬁ_ﬁi_\ﬁj{b' axes. Effectively is understood to nean: apart from

possi bl e angles of 90 caused by reflectors, as occur in Figure 2.

The beam flmageigrbjeciiom apgatafi S} i.s.d.ncident on a col or-selective
reflector 20, for exarrpFe aﬁlgi c‘??%‘.%\él‘ﬁ%‘?%fﬂwsam-r efl ects, for exanple the

bl ue col or conponent b[err] and passes the rest of the beam This beam
portion neets a second color- selective reflector 21 which reflects the
green col or conponent b[err] and passes the

An image projection device comprising at least one display panel (26, 27
28), a projection lens system (C) and a focus-error detection system is described The
focus-error detection system comprises an auxiliary.radiation source

. (50) delivering a
' focus measuring beam (b),

5 an auxiliary lens (61) for capturing radiation (b,) diffusely
reflected by a projection screen (D), and a detection unit (60) for measuring the size of
a spot (S) formed on the screen by the beam (b).

(Figure 2.)
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refl ects the red beam towards the proj ection Ienghs
reflector or a reflector which |

may be a neutral

The blue beamis reflected towards a dis Iay panel
liquid crystalline panel

23. This panel

nodul ated wit h t

via a color- seﬁ@ctlve refl ect o 24, which
-sel ective refl ector

by neans of a

Is electronically drlvenl
conponent of the inmage to be projected appears on this panel.
he blue information reaches the projection lens s

the green beam and a furt

tral

or

remai ning red col or conponent b[err] towards a reflector 22 which

ﬁ%%BI reflector 22
ebﬁ “ ed 1ight.
n1of a

e refl ector

known manner so that t he bl ue

The beam

renlc
sses the blue beam an eflects
25 which rdflects

t he bl ue beam The green be r] traverses a second di splay parngl 27
where it i with i rage conponent and is then
successively reflect 0 rojfectionjl ens system C by the
color-s e—fref-getors ! The redjfbeam b[err] traverseg|a third
di spl ay pahel 28 wher IJt . - . o
b
02433y
—
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J
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nodul ated with the red i mage conponent and subsequently reaches the
projection | ens systen1C via the reflector 22 and the col or-sel ective

reflector 25. The blue, red and green beans are superinposed
at the input of this |lens systemso that a col or inmge mhqﬁ@smgnpa n|f|ed
by this systemon a projection screen qz( hown in Figure j laged
this input. The optical pa | engt hs bet ween "Eﬂ

the illum nation systemA a%? eagh of the display panels 2 e
preferably equal so that t sections ofﬁghe beans b[err], bf[err]
and b[err] are equal at t rea of their display panels. Mreover, the
optical path | engths betwe e—ctsplay panel s 26, 27 and 28 and the
entrance aperture of the p et | ens syste equal so that all the

differently col ored scenes e] Hay] sf act ori [JpYf on the projection
screen. Le 411 and 42 b nged in front of each
one of the display panels [24, d 28, whi —~+oei ntly ensure that
all radiation fromthe exiftiipl eA\pf the ildE?' systemis
concentrated in the entr uprt of the p | ens system C. Such

| enses 40, 41, 42 may alt iirdBy be arranged nd the display panels
instead of in front of t is alternatively possible to have the
function of each | ens b | enses, one of which is arranged in
front of each display pan | ﬁM F'G 3

63 FIG.5
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and the other is arranged behind each display panel. | nst ead
of the transm ssive display panels shown in Fi gur &hi2 Shebtdas &eplaced ect i on
trevi ce may conprise reflective display panels. Suc ' _

i npl emented as shown in Figure 28 of opean Pate no. 0 467
447 . : I nstead of a disﬁﬁzs system having three nonochrone
panel s, the color c

»

FIG.7

P o oo e e sres e st

W\ /T FI68

FIGY
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ifmage projection device nmay alternatively be provided with a display system
haV|ng only one display panel, viz. a conposite-or-color_panel. This color
panel then conprises a number of pixels which is, for ex

as |arge as the nunber of pixels of anochrone panel. T
col or panel are arranged in accordanéé/ t hree groups

a green and a blue sub-image is generated. One pixel of each group is
associated with singl e pixel on the projection screen. For exanple, a
separate color figter is arrangecﬂmr@ front of each pixel, which color
filter only passgs the col o§gges; ed for t tplxel This col or”’
panel may al so bg a transni ssi @ el Nective pane

The three chrom ol 0 nzgg proj ection devi ce nay
alternatively be ung t ach conprising their own
illumnpnation sy - and bl ue beans

e
d, -

supplied by thesdq unit i nformati on are conbi ned
by, for exanple icbroiE ! l'y reach the projection
lens. Such an enfjodi mpnt_of A hk i kﬁﬂf on device is shown in Figure

29 of EP Appli catfi on ng 671447. | The focus servo system
conprises a radidtion sourcéﬁSb 3 rah|dt|on- sensitive detection system
60, an electronic anplifiefzpy- copt ray Z?I rcuit CA and'z .z}

e "
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®
metor M The source 50 emts invisible radiation, and is for exanmple a

light-enmitting diode or a semiconductor |aser em,gctﬂeag;a%ﬁm faidged

r&di ati on beamb. The reflectors 22 and 25 are f way t hat

t hey pass this beam The beam b subsequently tra w%m ection |lens
C and forns a radiation spot (S) on tg} érOJectl This

radi ati on spot is the inmage of the urce 50 fornmed by the prOJectlon | ens.

The projection screen reflects a pa
towards the detection system 60_uh
62. The l¥ns 61 5 [ '
detector $2. Thed¥
si gnal , err]
sharply i magge
pl ane of the ur¥ i
22, the refl edlord25 ante
di spl ay panels 28, 26 and N
i ndi cative of the extent to whi ch™

of the radi ati on of the beamb
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» e — e - -
2 I f the display panel appears to be defocused on the screen, for

exanmpl e because the screen has been noved al od§s laged s or because
tthe focal length of the projection | ens has be i EE f ocusi ng of
the projection | ens can be adapted by&ﬁns- of rr] in such a

way that a sharp image is again forne the screen. To this end the
signal S[err] is applied to the el ectrctnic anplifier and control ciy-tEit CA
ih

whi ch supplies a control signal S[err] sfor the notor M For exanple,] I he
focusing group of the projection |er TBe _noved,wi th respect to t
4L, Hipgure 3

br

c i}
4 l
50 {
P i
K 1
~ X | |
I
' | | +¥s
| |
52
~o |
| __'_,,}Vs}
= i
e {
P2 Po . P

Ea'ﬁ.15 ,,".-j Y I
é.!.' lt e ;

6VT-PHN H413. -



three lens groups Jerr], Gerr] and Gerr] each conprising a pl ur‘”é'f"fsfgy”’df
lens elenments. Jerr] is the main | ens group which supplies the greater
part of the lens power. Jerr] is the focusing |l ens group, or the front
| ens group which faces the display systemand with which the focus can be
set by noving i.t by means of the notor Mand the synbolically shown rack
(55) and pinion (56) gearing. A variatorigroup & is arranged between the
groups Jerr] and Gerr]. This group may be noved in the space between the
groups Gerr] and Gerr] by a further notor (not shown) so that the focal
| engt h can be adjusted. Such a novenent causes a change of the inage plane
of the projection | ens, which change nust be conpensated for. However,
si nce t hi &mageaprpection dpparatuedvithyan hetofasosisg system. det ecti on system it can
be conpensated by noving the front group derrl. The inmage sharpness or
definition on the projection|screevledldalsd & cosGrol lied by neans of a
fourth, novable | ens group ref@ripedifanas;coipensaizged @.oyp whose novenent -
is coupled to that of the vali@tari-grpup: se:@a.to Peedbhi e |to conpensate for
t he change in i mge plane dug [Q(Q'z.r_my@r(rgnftp;-,gﬁdW_Q()%&@@mr group. Such a
fourth |l ens group renders the @f.Gj.ectd on Aaé%.m&%@ml.ex and expensi ve.
Figure 4 shows schematically}a first enbodinent of the foqus-error
detection system The el enent ¢corresponding.i.o e of Fijgure 2 are
i ndi cated by the F ' )E) *‘_:';%:::W-"-#-'-- """"""

The invention relates to an image projection apparatus comprising a

display system having at least a display panel for generating an image to be projected, a
projection lens system for projeé}ing the image formed by the display system on a
projection screen, a focus-error detection system provided with an auxiliary radiation
source which supplies a focus measuring beam, and a detection unit for converting the
focus measuring beam radiation reflected by the projection screen into a focus-error
signal.

The term image projection device is considered to have-a wide meaning
and comprises a device for displaying, for example a video image, a graphic image,
numerical information or a combination thereof. The images may be both monochrome
and color images. In the latter case the display system may comprise three chrominance
channels for, for example the primary colors red, green and blue, each accommodating
a display panel. A display panel may be constituted by the display screen of a cathode
ray tube but is preferably a liquid crystalline panel. In the latter case the display system

comprises an Hlumination unit for illuminating the panel or the panels.

In the current image projection devices which com;irise one projection
lens system in the form of a zoom lens for projecting a magnified image on a projection
screen which is present at, for example several meters from the projection device, each
change of the projection distance necessitates refocusing of the image by readjusting the
zoom lens manually or possibly viz a remote control unit. Moreover, optical elements
of the image projection device may be displaced with respect to each other due to, inter
alia temperature variations, so that the projected image may be defocused. The known

image projection devices thus require an additional quagtity of time, attention and
e - "o 8*;1} o} This is the replacement sheet
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_same reference nunerals. Since the projection screen Dis a diffusing
‘screen part of the radiation of the focus neasuring beamb is diffusely
reflected, so that the spot S can be considered as a secondary radiation
source. Part of. the reflected radiation, i.e. the reflected focus nmeasuring
beam is incident on lens 61. This lens inmages the secondary radiation
source Sinto a spot S on the detector 62. Preferably the lens 61 has a

| arge depth of focus so that the image is formed at a constant distance f'
fromt héxspelrt?sgsof the user. The convenience of use of an image projection device would be 13
enhanced considerably if it were provided with an autofocus system, i.e. a system with
which the distance between a display panel and the projection screen is measured and
the focus of the projection lens system is automatically adjusted with reference to said
measurement.

An image projection device in which an auxiliary radiation source emits
an invisible, infrared measuring beam to the screen and in which the radiation.beam
reflected by the screen is received by a position-sensitive detector is described in the
published Japanese Patent Application (Kokai} 3-149538. The distance between the
screen and a reference plane, the plane of the radiation source and/or the detector can
be determined by means of this system which is referred to as triangulation system.
This information is used to displace the entire projection lens system along the optical
axis so that the distance between this system and the screen can be adapted to the focal
length of the projection lens system, This system has the drawback that the measuring
beam is optically not coupled to the projection lens system and the display panel so that
it is not ensured that the focal length of the projection lens system is always adapted to

the distance between the screen and the display panel.

It is an object of the present invention to provide a focus-error detection
system for an image projection apparatus which is based on a novel concept and is very
efficient and irexpensive. To this end the image projection device according to the
invention is characterized in that the auxiliary radiation source is arranged in a plarie
which, viewed from the projection lens system, effectively coincides with the plane of a
display panel, the auxiliary radiation source is imaged by the projection lens system into
a spot on the projection screen, an auxiliary lens system is provided for imaging the
spot into a secondary spot on the detection unit and in that this unit is a spot size
measuring unit.

This focus-error detection system detects whether the display panel is
always sharply imaged on the projection screen, independent of the distance between the
projection lens system and the image projection device, so that e.g. the focal length of
the projection lens system can be adjusted if that is not the case. Moreover, the focus-

' This is the replacernent sheet
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irrespective of the focus condition of the projection lens with respect to
the projection screen. This focus condition does determ ne the size of the
spot S and consequently that of the secondary spot S |f the auxiliary
source 50 is sharply imaged on the screen D the spot S has the m ninmum

si ze. : The size of spot S Ry be determ ned by an array of
phot odi odes, for exanple a so-called CCDarray, which diodes are read out
separately. Figure 5 shows sone of the photodiodes 63 of such array 62. By
determ ning the nunber, of photodiodes that are illumnated, i.e. covered by
the spot SETTOR |Smedsygedyyia the projgssion dens YéteMbcat ed. | nstead of a

t wo- di mensi onal arr Sp. The
phot odi odes can be ?%é%l-ou E?/dl %Fﬂ%eﬂg%%}%rgféﬁgﬂ%gd%%t @?@§§€9ﬂ$2§9%§
coupl ed t olaixhopsgnetot ptduhcanspebnmn tixsélosesrnnommlptgjetﬁm dppadstus wgihad 5oc@§1€rror

wh the n nber of Ium d di odes i s count
Fi Slrj?lan6 a0 H& éﬁ?ﬁb& trﬁeermfclaéﬂ%%sv@fi \a@tt@ecmoaﬁ?ugyéwmyp@m

d t ed. 7 t n vvher e
tho i mage LOWSYEHE R hes m@ bEA (£ nbl SRBAVBY A Allalf i Gt
sharply f oeffectistely mrtdngeqb 1D ;l&cplamﬂoﬁs dizplayDanahblutafromfahe delie %di’ino?lzso@fdea” ged

behi nd thi Shg as B;gl?e%n]'ne pro;ecuon beam, which source is arranged behind the display panel.

In the known apparatus the distance between the main radiation source and the
projection screen is measured and not the distance between a display panel and the
projection screen. Moreover, in this apparatus the focus measuring beam is not focused
to a spot on the projection screen and for measuring a focus-error it is necessary to
move a reflector normally arranged in one the colour channels outside this channel so
that the focus measuring beam can reach a sensor positioned in the light path behind
said mirror. .

The reflected focus measuring beam is the beam formed by that part of
the focus measuring beam radiation reflected by the projection screen that is captured by
the auxiliary lens system and reaches the detection unit. Since the projection screen
should spread the signal-light from the display system over a large viewer’s space, it
behaves as a diffuse reflector for the focus measuring beam. As a result only a part of
the focus measuring beam radiation reflected by the projection screen enters the
auxiliary lens system so as to be concentrated on the detection system. The intensity of
this part of the reflected focus measuring beam radiation is sufficiently large to generate
a suitable focus-error signal.

The adjustment of the focal length’ of the projection lens system may be
effected by moving the entire projection lens system along its optical axis under control
of the focus-error signal. .

An image projection device in which the projection lens system is a zoom
lens is preferably further characterized in that the focus-error signal is applied to an
actuator for an adjustable lens group of the zoom lens.

The adjustable lens group is preferably the group referred to as front
group of the zoom lens. '

It is to be noted that an image projection device in which an automatic

This is the replacement sheet
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opening 71 of the diaphragm corresponds to the size the spot S has if the
'spot S is a sharp inmage of the radiation source 50. In the optinum focus
condition, i.e. when the focal length of the projection |lens Cis adapted
to the nutual distance of the source 50 and the screen D, the signal S[err]
i s maxi num Wen this nutual distance ghanges the signal S[err] decreases.
The signal S[err] as a function of the focus condition 2 of this enbodi nent
and that of the enbodinment of Figures 4 and 5 is shown in Figure 7. This
signal has onl ne.polarity so that it can on Fe determ ned that there
s deviREPEST PR RSt ekt B rons P BhY B8 oG s SPftms gn- o
such devjsafeb@ibed IR tHebEBIhAE apah&@ taidnt AppliRatidh EKAROUR18138. Huwkdl have a
shape as shown in Figure 8. Such signal can be obtained by providing the
syst em wihishPatentnApplisation doasviok shew om thei focusoareoncsignadfis gereratpdt S al ong t he
optical axis ZZ t.he proj.ection lLens. Thi.s periodic nonent can be

obt ai ned by perio 'h(?dmaﬁgr% F‘?ﬂj’“.t f‘iﬁafai‘%{’?cﬁwﬂg%&h&@%e&?ﬁg‘hﬂmf ZZ' axi s.
As s shulidr{ ridistideschred f&gn'é@?l_t af hRplARUSTCHe WpldyOpdnd] SuSiad thig par&anged
on a piezoelectric element 80 which is energized by a periodical voltage
V[err] from a soudtshagid thentbiezansured thaidheiséreen ssolarges than therlangdstcsidel of

di spl ace&evgréjgctgd %rgggle! anplitude along the optical axis

This is no longer necessary in a preferred embodiment of the image
projection device which is characterized in that the auxiliary radiation source is
arranged in a plane which is the mirror image of the plane of a display panel with
respect to a wavelength-selective reflector extending at an acute angle to the optical axis
of the projection lens system.

This reflector is, for example, a dichroic mirror which reflects the visible
light from the display panel and passes the radiation, for example infrared radiation
from the auxiliary radiation source. )

This embodiment is preferably further characterized in that the acute angle
is an angle of 45° and in that the auxiliary radiation source is in an even line with said
optical axis.

Then the focus-error is measured on the optical axis of the projection lens
system, which has the advantage that the focus measuring beam is perpendicularly
incident on the projection screen.

Alse with respect to the detection unit several embodiments are possible.
A first embodiment of such unit is characterized in that it comprises a CCD-photodiode
matrix arranged at the position where the secondary spot is formed upon correct
imaging of the auxiliary radiation source on the projection screen.

In this embodiment the size of the secondary spot is measured by
electronic means and the number of optical elements is minimum.

In order to increase the capture range while maintaining the sensitivity,
this embodiment, and other embodiments to be described later on may be further
characterized in that a first surface of the detection unit, through which the reflected
focus measuring beam enters this unit, is arranged at an acute angle with the optical

axis of the auxiliary lens system. o
This is tha replacement sheet
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14 of the projection |lens system C. The image S of the diode | aser 50
formed by this systemis then displaced periodically along the ZZ' axis so
that the anplitude of the detector signal S[err] varies periodically.
Figure 10 illustrates the operation of the focus-error detection systemin
accordance with Figure 9 with reference to five diagrans. The first
diagram indicated by S err], shows thevariation of the anpl i tude Am of
the detector signal as a function of

An embodiment of the apparatus which is alternative to the embodiment
with the photodiode matrix, is characterized in that the detection unit comprises a
diaphragm arranged at the position where the secondary spot is formed when the
auxiliary source is sharply imaged on the projection screen and a photodetector arranged
behind the diaphragm opening.

The size of the secondary spot is measured then by detecting the amount
of radiation passing through the diaphragm opening.

The latter embodiment may be further characterized in that the size of the
diaphragm opening corresponds to the size of the secondary spot formed when the focus
measuring beam is focused on the projection screen. A focus-error signal with a large
signal to noise ratio can be obtained then.

Alternatively, the embodiment may be characterized in that the diaphragm
opening is a slit, the length direction of which is parallel to the direction along which
the secondary spot moves upon displacement of the projection screen along the optical
axis of the projection lens system. An increased capture range is obtained then while the
sehsitivity is maintained. _

Another embodiment, also having a large capture range, is characterized
in that the detection unit comprises in this order and viewed from the auxiliary lens
system, an anamorphotic system, a diaphragm having a slit opening with the slit-
direction substantially parallel to the direction of maximum power of the anamorphotic
system, and a photodetector. The anamorphotic system may comprise one or two
cylindrical lenses-or prisms.

In order to detect both the magnitude and the sign of a focus-error all of
the above embodiments are characterized in that means are provided for periodically
moving the first spot with respect to the projection screen and in that the output of the
detection unit is coupled to one input of a signal processing circuit, another input of
which is coupled to the said means for axially moving the first spot.

The said means my be constituted by an actuator for periodically and
axially moving the auxiliary radiation source or by an actuator for periodically moving
the projection lens system or a movable lens group of this lens system.

With axial is meant along the optical axis of the projection lens system.

A further embodiment wherein the output signal of the detection unit is
This & the replacement sheet
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the position Z of the projection screen Dif the voltage source 81 is
5witched off. The anplitude is maximal, Alerr], if the screen is at the
position of the image S of the radiation source 50, i.e. if the focus
measuring beamb is focused on the screen. The anplitude will be snaller
upon defocusing and assunes the values fjlerr], Alerr] if the screen is
shifted towards the position Z[err], Z err], respectively, at one side of
the image S. When shifting the screen towards the position -Zerr],
-Z[err], at,the her side , of e i.m t he anpl i tude .of t he detector
si gnal  wi ‘F‘ftilcﬁtéveA%)fteﬁhF |PagRkude ]'mé B@S%%BFeipsp_s-emrmg charactenzedTert?]% r part.
of Fi gur e,4{ati6M eyirce REmPribdd A ERD 1pd rddidfor emithiey ¥RMeAlsl Bipisded ithin WAL t age
VD of the radiation source with which the actuator 80 is energized. This

vol t age heothgr pebpboa first Dirsetiereparaliel torhe ppi¢al iasis affthe ipeojectioadans system

i odi cal ,displ t of the.i d t he.val VD W I  h
BTt or encendid o RFBfHorsperhelfiguBBA he FRHCETeRYn IF in ok A qelecgih upieg = © @
signal i soaiise£d number bf H&t@ém&zcdfﬂsﬁ& 75 86 the! AiEnRe RGN EmARhY - The
right-hand part of Figure 10 shows the filtered detector signal Serr]

whi ch is abdrenthed if the focus neasuring beamb is focused on the
projection screen. The periodical position nodulation of the imge S
results in that the beaminitially focused on the screen is first
def ocused, subsequently focused again, then defocused again, and so forth.
The filtered detector signal S[err] thereby has a period T/2,

These and other aspects of the invention will be apparent from and

elucidated with reference to the embodiments described hereinafter. In the drawings:
Figure 1 shows the diagram of a known image projection apparatus,
Figure 2 shows an image projection apparatus with a focus servo system
according to the invention,
* Figure 3 shows a projection lens system for use in this apparatus,
Figure 4 shows a first embodiment of a focus-error detgction system,
Figure 5 shows a detection unit for such system,
Figure 6 shows a second embodiment of a focus-error detection system,
Figure 7 shows the output signal from this system,
Figure 8 shows the output signal of a focus-error detection system with an
axially moving spot,
Figure 9 shows a first embodiment of such system,
Figare 10 shows the operating principle of this system,
Figure 11 shows a second embodiment of a focus-error detection system
with an axially moving spot,
Figures 12A and 12B show an embodiment of a focus-error detection
system with 2 multiple radiation source,
Figures 13A and 13B show a focus-error detection system with a slit
diaphragm,
Figures 14A and 14B show a focus-error detection system with a
cylindrical lens and a slit diaphragm, and
Figure 15 shows why and how the detection unit should be tilted.

This is the replacement sheet
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hence a frequency which is twice that of the voltage V[err]. If the screen
is at the position Z[err], the voltage V[err] results in the defocusing
becom ng alternately snmaller and larger. The filtered output signal S err]
whi ch is then obtained has a frequency which is equal to that of the
voltage V[err] "and an anplitude which i-s dependent on the position Z[err].
If the screen is in the position -Z[err], i.e. the defocusing is equally

| arge but opposite to that with the screen in the position Zerr], a
filtered detector signal S[err] is obtained which has the same frequency
and anplitude as the signal S[err], but which is shifted 180[err] in phase.
The filtered detector signal is conpared with the signal V[err] in a
synchronous detection circuit 83, Figure 9. If both signals have a

di fferent frequendg Figure 1 the block A denotes an illumination system emitting a light

beam b whose chief ray coincides with the optical axis OO’ of the image projection
apparatus. This beam is incident on the image display system B which, in the case of
projecting a monochromatic image, comprises one display panel 1. This panel is, for
example a liquid crystal display (or LCD) panel. Such a panel comprises a layer of
liquid crystalline material 4, for example of the nematic type which is enclosed between
two transparent plates 2 and 3, for example of glass. Drive electrodes 5 and 6 are
arranged on each platé. These electrodes may be arranged in a large number of rows
and columns, thus defining a large number of pixels in the display panel. The different
pixels are driven by driving the matrix electrodes as is diagrammatically shown by
means of the drive terminals 7 and 8. Thus, an electric field can be applied at the
desired positions across the liquid crystalline material 4. Such an electric field causes a
variation of the effective refractive index of the material 4 so that the light passing
through a given pixel undergoes or does not undergo a rotation of the direction of
polarization, dependent on the absence or presence of a local electric field at the
location of the relevant pixel.

Instead of this passive-drive image display panel, an active-drive panel
may be used. In the last-mentioned display panel one of the supporting plates comprises
an electrode while the other plate is provided §vith the semiconductor drive electronics.
Each pixel is fiow driven by its own active drive element such as, for example a thin-
film transistor. Both types of direct-drive display panels are described in,. for example
European Patent Application no. 0 266 184.

The beam incident on the display panel 1 should be polarized, preferably
linearly polarized. However, the illumination system A produces unpolarized light. A
linearly polarized component having the desired direction of polarization is selected
from this light by means of a polarizer 10. An analyzer 11 whose direction of
polarization is, for example effectively parallel to that of the polarizer 10 is arranged in
the path of the light passed by the display panel. Consequently, the light from those
pixels which are energized and which do not change the direction of polarization of the
beam is passed by the analyzer towards a projection lens system C. The light from the
This is thse replacernant sheet
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15 there will be no focus-error. If the frequencies are equal, defocusing
wi Il occur whose sign is deternm ned by conparison of the phase of the
filtered detector signal (S[err] or Serr]) with that of the signal VD and
whose value is given by the anplitude of the signal S[err] or Serr].

The projection | ens systemcan be correcged again by neans of the focus-
error signal supplied by the synchronous detection circuit.

Under nornal circunstances it suffices that the projection apparatus sets

its focus v&?oﬂsug%&i Iaé/ké‘ls R Hratb i!ﬁet hf?&tign fcq%'iﬁ'ma%n of tﬁehl?eagp r{lg{gh}/@l 90°,

bet ween t e prograns. varyi ng,

f ocus- er r g§ brickethby clamaﬂwyzfeht'ﬁhmﬂiil)&iet ﬂrmaionv&ltsytherpﬁmimub@ nfdmlaltioﬁ%f i odi ¢
novenent durjng the faqcus-setting stage of . the |l ens nmeans, which are used
for focus thePFaRinigan lmeeﬂ%yloskélﬁn%. RFPISFEAR Lo SySem R diralegis dhe émagsn

sy S S 0 oS b TRl BA b
by a viewer W.

The illumination system may comprise a high-power lamp, a reflector
arranged at one side of the lamp and a condensor system arranged at the other side of
the lamp. This condensor system may be implemented as described in US Patent
5,046,837 and has not only a large light-collection power but also a low throughput so
that the numerical aperture and cross-section of further optical elements in the
projection device, such as the projection lens C, may remain limited, which has a
favourable effect on the cost price of the device.

The illumination system is preferably implemented as described in EP
Patent Application no. 0 395 156 and comprises two lens plates as extra elements. It is
thereby achieved that the cross-section of the illumination beam at the area of a display
panel corresponds to the surface area of this panel to be illuminated énd that this beam
has a uniform intensity distribution. The available light is then used to an optimum
extent and the image on the projection screen has a uniform brightness.

. An illumination system which has optimum properties as far as the use of
light is concerned and which is preferably used in the image projection device is
described in European Patent Application no. 0 467 447, This illuminatior{ system
comprises a special polarization-sensitive beam splitter and a polarization rotator. The
beam splitter splits the incident illumination beam into two sub-beams having different
directions of polarization, one of which is direétly suitable for modulation by the display
panel. The polarization rotator converts the second sub-beam into a beam having the
same direction of polarizatioﬁ as the first sub-beam. The sub-beams exiting from the
combination of beam splitter and polarization rotator jointly constitute one beam which
passes through the display system with the suitable direction of polarization.

Said embodiments of the illumination system have been found very useful
in practice, because they yield a large light intensity per surface unit on the projection
screen, in spite of the fact that a liquid crystalline display panel has a low transmission

and, moreover, is imaged in a magnified form.
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same conponents as that of Figure 9, with the exception that the periodic
voltage V[err] of the source 81 now drives an actuator 85 for noving the
projection lens C or part thereof. The focus-error signal S[err] obtained
fromthe detection circuit 83 can be supplied to the sanme actuator when the
| atter is constructed such as to perfogm both small fast novenents and

| arge novenents. After the description”of the enbodi nent of Figures 9 and
10 the enbodi nent of Figure 11 needs no further explanation.

Figures 12A and 1 Ws_an_enho err,or de%g i on _system

of
that supplies a f FHB‘P%PE,%%“OP&E% ggtqeﬁﬂi%gl?ﬂmtvp‘és REgFATAuHE YRY sense

of a f OGS st SiveV‘fotf'%Qbﬁ th@sprﬂﬁcédﬁﬁ’:hg@% Qﬂ’é bibj é@ibh%r&h%ﬂbﬂyfpé Kid earness
sake this systemis represented in two figureS; Figure 12A shows the

radi ati amllpimvnso fadaph thé: foquaiaigafi the pwemmslemwtmtmehbstsmeetmuwanawhd plingur e 12B
t he radi aths.fr this screen ontq .t he detector Two stationary
Fadi at | ot SUIRLLaaR) ang the serpert Ttk (Fe s Hiseitc e e ffoe RO aios

di spl acegainplebe; &@efamezrmaa&x%ﬁhmﬁé g%]écndﬂ' devides PR Afdvehtends Gfohat 58 whi ch
may represent the centre of di.splay p 28 (Figlre 1) and is inaged into

spot S cpropﬁmrswmn Thehehe ubsr mm&tatbcuseaggtm Mbretoher, ghe projedtion lemsmagyst em C
is such that i s sh

ed the f
reasur | i BeaEonE BF R Eogmciey B rAHg RS Faoh MR LU BAE8 O ARrbe, a o
focused RIRGEL.I M & codveRtibRil Hnadd prop@iion YeVte 8K 8%R0ANRné Wil not only

have to comprise a main lens group, a front lens group and a variator lens group with

which the image size is adjusted, but also a compensator lens group with which the
focus variation due to the movement of the variator group is compensated. By providing
the image projection device with an automatic focus servo system according to the
invention, not only the manual focus setting may be dispensed with but it is also
sufficient to use a zoom lens comprising the three first-mentioned lens groups only. In
fact, a focus-error caused 'by zooming is now detected by means of th(? focus servo
system and eliminated by moving the front lens group. A zoom lens having three lens
groups can be made at lower cost than a zoom lens having four lens groups, which is
important, particularly for consumer apparatuses.

Figure 2 shows the principle of the image projection device according to
the invention by way of an example of a color television projection device. This device
again comprises the three main portions: the illumination system A, the display system
B and the projection lens system C in the form of a zoom lens. The principal axis OO’
of the illumination system is in alignment with the optical axis DD’ of the apparatus
which in the embodiment shown is first divided into three sub-axes, which sub-axes are
later combined to one optical axis which may coincide with the optical axis EE’ of the
projection lens system. To obtain an optimum image contrast, the axis EE’ may
effectively extend at an acute angle to said sub-axes. Effectively is understood to mean:
apart from possible angles of 90° caused by reflectors, as occur in Figure 2.

The beam from illumination system A is incident on a color-selective
reflector 20, for example a dichroic mirror which reflects, for example the blue color
Component b, and passes the rest of the beam. This beam portion meets a second color-

selective reflector 21 which reflects the green color component bg and passes the
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point 91' in front of the screen. The beans b[err] and b[err] thus form
'spot S[err] and S[err] onto the screen, which spots constitute secondary
radi ati on sources. These sources have the sane

16 si ze when the di stance between point 58 and the screen is adapted to
the focal length of lens systemC, i.e. .when point 58 is inmaged into a
point inmage S on screen D. 10 "As shown in Figure 12B the
reflected focus neasuring beans b[err] and b[err]

remaining red color component by, towards a reflector 22 which reflects the red beam
towards the projection lens system. The reflector 22 may be a neutral reflector or a
reflector which is optimized for red light. The blue beam is reflected towards a display
panel 26 in the form of a liquid crystalline panel by means of a neutral or blue-selective
reflector 23. This panel is electronically driven in known manner so that the blue
component of the image to be projected appears on this panel. The beam modulated
with the blue information reaches the projection lens system C vig a color-selective
reflector 24, which passes the blue beam and reflects the green beam, and a further
color-selective reflector 25 which reflects the blue beam. The green beam bg traverses a
second display panel 27 where it is modulated with the green image component and is
then successively reflected towards the projection lens system C by the color-selective
reflectors 24 and 25. The red beam b, traverses a third display panel 28 where it is
modulated with the red image component and subsequently reaches the projection lens
system C via the reflector 22 and the color-selective reflector 25.

The blue, red and green beams are superimposed at the input of this lens
system so that a color image which is magnified by this system on a projection screen
not shown in Figure 2 is produced at this input; _

The optical path lengths between the output of the illumination system A
and each of the display panels 26, 27 and 28 are preferably equal so that the cross-
sections of the beams by, by and by are equal at the area of their display panels.
Moreover, the optical path lengths between the display panels 26, 27 and 28 and the
entfance aperture of the projection lens system are eqﬁal so that all the differently
colored scenes are satisfactorily focused on the projection screen.

Lenses 40, 41 and 42 may be arranged in front of each one of the display
panels 26, 27 and 28, which lenses jointly ensure that all radiation from the exit plane
of the illumination system is concentrated in the entrance pupil of the projection lens
system C. Such lenses 40, 41, 42 may alternatively be arranged behind the display
panels instead of in front of them. It is alternatively possible to have the function of
each lens fulfilled by two lenses, one of which is arranged in front of each dispiay panel
and the other is arranged behind each display panel.

Instead of the transmissive display panels shown in Figure 2 the image
Projection device may comprise reflective display panels. Such device may be
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fromthe spots S[err] and S[err] are captured by the lens 61, which forns

rmages S[err]' and S[err]' on a diaphragm 93. This diaphragmis located in
t he plane where spot S is inmaged when point 58 is sharply i mged on screen
D and has two openings 94 and 95. Behind each of these openings a detector
96, 97 is arranged. The outputs of these detectors are coupled to the input

of a differential anplifier 98. [ In the in-focus conditions
the sizes of spots S[err] and S[err] are equal and consequently al so those
of spots S[err]' and S[err]'. The detectors 96 and 97 then receive the sane

anmount of implementédas showvrt ineFigumud8 of EgropsargrPatent applieationano. &dipddy. zer o. .
When t he screenD vest the r t thr ect tq the ection lens C
t he spots S[err] t%a[de? d‘SB@éf&aé‘e‘é‘ t mpﬂg&g sppa%%é'r& R’c‘]
Slerr]' |afger € fproj E&ib%e&lé'&?&t llan LRSSati Ry B& @vxgéd Rean @i[sglay ]sgﬁaﬁ%eﬁwdet ector

97 and rmre ation of beamb[err] Teaches detector ocuS-error
si gnal i sodlpene pmplaylpaacl e a Qqu:cmtc-eenolbr penels This ¢dier pankt theh eosipzisesof

L, A B b, BTSSR ek e 4
07, n 1 e RS e q‘éﬁ%ﬁ%ﬂei‘%‘ﬁ?ﬁa‘?’%‘gﬁo o N ced,
which s enuhme$relhp$uWUh tyducloaacda,da green lasd @l kine sui-indagepisrgzgenatd. Ohieepitalmf
Sensors rrayh group is associated with a single pixel on the projection screen. For example, a

separate color filter is arranged in front of each pixel, which color filter only passes the

color desired for the relevant pixel. This color panel may also be a transmissive panel

or a reflective panel.

The three chrominance channels of the color image projection device may
alternatively be accommodated in separate units each comprising their own illumination
system and a display panél. The red, green and blue beams supplied by these units and
modulated with image information are combined by, for example dichroic mirrors and
subsequently reach the projection lens. Such an embodiment of the image projection
device is shown in Figure 29 of EP Application no. 0 467 447.

The focus servo system comprises a radiation source 50, a radiation-
sensitive detection system 60, an electronic amplifier-and-control circuit CA and a
motor M. The source 50 emits invisible radiation, and is for example a light-emitting
diode or a semiconductor laser emitting an infrared radiation beam b. The reflectors 22
and 25 are formed in such a way that they pass this beam. The beam b subsequently
traverses the projection lens C and forms a radiation spot (S) on the projection screen
(D). This radiation spot is the image of the source 50 formed by the projection lens.
The projection screen reflects a part of thé radiation of the beam b towards the detection
system 60 which comprises a lens 61 and a detector 62. The lens 61 re-images the spot
S into a secondary spot S’ on the detector 62. The detector 62 supplies an output signal,
or focus-error signal, S; which is dependent on the extent to which the source 50 is
sharply imaged on this screen, as will be described hereinafter. Since the plane of the
source 50 is the mirror image with respect to the reflector 22, the reflector 25 and the
reflectors 24 and 25 of the plane of the display panels 28, 26 and 27, respectively, the

signal S, is also indicative of the extent to which these panels are focused on the screen.
This is ths replacement sheet
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repl aced by a single CCD sensor being provided with the possibility to
neasure separately the size of two spots. In the enbodi nents
descri bed above each conbination of a diaphragmslit and a detector may be
repl aced by a detector having a radiation surface corresponding to the size
the inmage spot "(S'; Slerr]'; S[err]") has when the source (50; 90; 91) is
focused on the screen D. I'n all enbodi nents described so far
the size of the diaphragm opening, or of the radiation-sensitive surface of

(e et oot o0 Sboteclo b5o R B J5E ool R BchiBHR: 2721 S
S cas, JRSETHE QASHIA Uinf O SRR EPEms s g prat Vit 12 01 o
9, 11 or piglestion lend hast eensihangeds thehfocisiug)ef Syeoprof¥ction [l¢nsiqag heaslepted by

means of the signal S; in such a way that a sharp image is again formed on the screen.

To this end the signal S, is applied to the electronic amplifier and control circuit CA

which supplies a control signal S, for the motor M. For example, the focusing group of

the projection lens can be moved with respect to the other lens group of the lens by

means of this motor.

Figure 3 shows an embodiment of a projection zoom lens. This lens has
three lens groups G,, G, and G, each comprising a plurality of lens elements. G, is the
main lens group which supplies the greater part of the lens power. G, is the focusing
lens group, or the front lens group which faces the display system and with which the
focus can be set by moving it by means of the motor M and the symbolically shown
rack (53) and pinion (56) gearing. A variator group G, is arranged between the groups
G, and G,. This group may be moved in the space between the groups G, and G; by a
further motor (not shown) so that the focal length can be adjusted. Such a movement
causes a change of the image plane of the projection lens, which change must be
compensated for. However, since this change is detected by the focus-error detection
system, it can bé compensated by moving the front group G,. The image sharpness or
definition on the projection screen could also be controlled by means of a fourth,
movable lens group referred to as compensator group whose movement is coupled to
that of the variator group so as to be able to compensate for the change in iinage plane
due to.movement of the variator group. Such a fourth lens group renders-the projection
lens more complex and expensive, -

Figure 4 shows schematically a first embodiment of the focus-error
detection system. The element corresponding to those of Figure 2 are indicated by the
same reference numerals. Since the projection screen D is a diffusing screen part of the
radiation of the focus measuring beam b is diffusely reflected, so that the spot S-can be
considered as a secondary radiation source. Part of the reflected radiation, i.e. the
reflected focus measuring beam, is incident on lens 61. This lens images the secondary
radiation source S into a spot S’ on the detector 62. Preferably the lens 61 has a large

depth of focus so that the image is formed at a constant distance f* from this lens
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17 also the direction of the chief ray of the reflected focus neasuring
beam b[err] captured by lens 61 will change, so that the imge spot wll
nove downwards or upwards in the plane of drawing of said Figures. If, for
hi gh sensitivity, the di aphragm opening or the sensing surface of the
detector is small, it could happen thatsthe inmage spot wal ks off fromthese
el enent so that the focus-error signal gets |ost. This is
prevented in the enbodi nent shown in Figure 13A wherein a di aphragm 100

i th Lit- ' 1 ' ' 102.
Foure 2uRRatB e P IdRohdtioh hs e, FRRESah lerls, Wlth 8ipeft HIRE BhRLaripl”; |
solid |i g&ggen.as fdcuk REnditioR dbys delerifihe Ciedsizd O theTdpodt Sldnd Crkeyuefly thaf
direction in the plane of drawi ngs of Figure 13A and perpendicular to the

optical akthe seeondarissmt S’ |If thenauxiliary seurse 50 is sharply imaged on the screen D
the spot S’ has the minimum size.

The size of spot S’ may be determined by an array of photodiodes, for
example a so-called CCD-array, which diodes are read out separately, Figure 5 shows
some of the photodiodes 63 of such array 62. By determining the number of
photodiodes that are illuminated, i.e. covered by the spot §’, the size of this spot can be
located. Instead of a two-dimensional array also a linear array of photodiodes can be
used. The photodiodes can be read out via line and/or column electrodes which are
coupled to an electronic circuit for processing the diode signals and wherein the number
of illuminated diodes is counted. .

In Figure 6 a second embodiment of the focus-error detection system is
depicted. This embodiment comprises a diaphragm 70 at the location where the image
S’ of the spot S is formed when the focus measuring beam is sharply focused on the
projection screen D, and a photodetector 72 arranged behind this diaphragm. The
opening 71 of the diaphragm corresponds to the size the spot S’ has if the spot S is a
sharp image of the radiation source 50. In the optimum focus condition, i.e. when the
focal length of the projection lens C is adapted to the mutual distance of the source 50
and the screen D, the signal S; is maximum. When this mutual distance changes the
signal S, decreases.

The'signal S as a function of the focus condition 2 of this embodiment
and that of the embodiment of Figures 4 and 5 is shown in Figure 7. This signal has
only one polarity so that it can only be determiried that there is a deviation from the
optimum focus condition Z,, but not the sign of such deviation. To determined also this
sign, the focus-error should have a shape as shown in Figure 8. Such signal' can be
obtained by providing the system with means which provoke a periodic movement of
the spot S along the optical axis ZZ’ of the projection lens. This periodic moment can
be obtained by periodically moving the radiation source 50 along the ZZ’ axis. As is
shown in Figure 9, the radiation source may to this end- be arranged on a piezoelectric
element 80 which is energized by a periodical voltage V, from a source 81 so that the

. radiation source is periodically displaced with a small amplitude along the optical axis
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condition the imge spot will have the position and size of spot S so that
the detector will receive a maxi num anount of radiation. Wen defocusing
occurs the inmage spot will beconme |arger and will nove for exanple to the
right as indicated by spot S'. The detector will receive then |ess
radiation and it will continue to FECEIMF radi ati on because the di aphragm
slit and detector are sufficient |ong. Anot her possibility to
i ncrease the capture range of the focus-error detection systemwhile
nalntalnln the sensitivity resides in arr @%Ing a cylindrical lens in the

path of taieh¢ grejetioadersomisienhEadinei Mg S-0h the diqds lasss 39 formed by ahhr agm

ohe. beni WP S B0 ol RREH) aldfeln 72 0 e MU Sl L EIE TP C,
ray of tm%tse:&frlsigﬁaes i,mggs @foﬁﬁjﬁliﬁeam has in the i n-focus condition. Figure

14B shows in a perspective view the radi atlg gqch of the refl ected beam
b[err] from an imaé‘-pgiﬁel 18rilustrateshe opetador of dhg Mcus-guror Ctéq“e?i’émlfbf
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the lens 110 inmages the spot S into an_el ongated spot ES on the diaphragm
112 havi ribe Rosifier Zyafthe preigetiangscreen: Rdf feaynltage smraw%s svitehed ofe Thea and

located qf hiGuetd ' elxatd AF ), i fheAGATK B & fhb-poli¥ion of the image S of the

radiation source 50, i.e. if the focus measuring beam b is focused on the screen. The

amplitude will be smaller upon defocusing and assumes the values A, ;, Ay, if the
screen is shifted towards the position Z,, Z,, respectively, at one side of the image S.
When shifting the screen towards the position -Z,, -Z,, at the other side of the image S,
the amplitude of the detector signal will be A,, ., A, 5, respectively.

The lower part of Figure 10 shows, as a function of time t, the variation
of the voltage V;, of the radiation source with which the actuator 80 is energized. This
voltage has a period T. Dependent on the position of the screen, the periodical
displacement of the image S caused by the voltage V; will have a different effect on the
detector signal. As is shown in Figure 9, this signal is applied to a filter 82 which
passes the AC component only. The right-hand part of Figure 10 shows the filtered
detector signal Sy, which is obtained if the focus measuring beam b is focused on the
projection screen. The periodical position modulation of the image S results in that the
beam initially focused on the screen is first defocused, subsequently focused again, then
defocused again, and so forth. The filtered detector signal S,, thereby has a period T/2,
hence a frequency which is twice that of the voltage Vy. If the screen is at the position
Z,, the voltage Vp results in the defocusing becoming alternately smaller and larger.
The filtered output signal Sy 3 which is then obtained has a frequency which is equal to
that of the voltage V,, and an amplitude which is dependent on the position Z,. If the
screen is in the position -Z,, i.e. the defocusing is equally large but opposite to that
with the screen in the position Z,, a filtered detector signal S, ¢ is obtained which has
the same frequency and amplitude as the signal S, but which is shifted 180° in phase.

The filtered detector signal is compared with the signal Vp in a

Synchronous detection circuit 83, Figure 9. If both signals have a different frequency,
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radi ati on passing through this slit is converted into an electrical signal
by the detector 114. In the in-focus condition the el ongated
spot ES has a mininmum size, so that the amount of radiation passing through
the diaphragmslit and received by the detector 114 is maximum 1In this
enbodi nent only part of the radiation q% beam b[err] can

18

there will be no focus-error. If the frequencies are equal, defocusing will occur whose
sign is determined by comparison of the phase of the filtered detector signal (Sy; or Sp )
with that of the signal V, and whose value is given by the amplitude of the signal Sy,
or Sgq- |

The projection lens system can be corrected again by means of the focus-
error signal supplied by the synchronous detection circuit.

Under normal circumstances it suffices that the projection apparatus sets
its focus automatically before starting a program or in the interval between two
successive programs. A periodically varying, or dynamic, focus-error signal can be
obtained alternatively, namely be small periodic movement during the focus-setting
stage of the lens means, which are used for focus correction, i.e. by periodic movement
of the whole projection lens system C or of the front group of this system. This
possibility is illustrated in Figure 11. The embodiment of this Figure comprises the
same components as that of Figure 9, with the exception that the periodic voltage V,, of
the source 81 now drives an actuator 85 for moving the projection lens C or part
thereof. The focus-error signal S; obtained from the detection circuit 83 can be supplied’
to the same actuator when the latter is constructed such as to perform both small fast
movements and large movements. After the description of the embodiment of Figures 9
and 10 the embodiment of Figure 11 needs no further explanation.

Figures 12A and 12B shows an embodiment of a focus-error detection
system that supplies a focus-error signal indicating both the magnitude and sense of a
focus-error withott using a periodically moving element. For cleamness sake this system
is represented in two figures; Figure 12A shows the radiation paths from -the radiation
sources onto the screen D an& Figure 12B the radiation paths from this screen onto the
detectors. Two stationary radiation sources 90, 91, LED’s or diodelasérs, are used
which are displaced in both the Z- and X-directions, with respect to a point 58 which
may represent the centre of display panel 28 (Figure 1) and is imaged into spot S on the
screen. When the focal length of the projection lens system C is such that said panel is
sharply imaged on the screen D, the focus measuring beams b, and b, of the radiation
sources 90 and 91 are focused respectively in a point 90” behind the screen and in a
point 91’ in front of the screen. The beams b, and b, thus form spot S, and S, onto the

screen, which spots constitute secondary radiation sources. These sources have the same
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pass through the diaphragmslit. Wen defocusing occurs the el ongated spot
ES bl ows up, which neans that the radiation density (radiation intensity
per unit area) of the elongated spot decreases with the square of the
focus-error. The portion of the slit that is covered by the spot ES
increases linearly with the focus-error,, so that the anount of radiation

I nci dent on the detector decreases Iinegﬁly with increasing focus-error.
The novenent of the spot ES due to a displacenent of the screen D along the
optical axis of the projection lens systemCis in the |length-directiogn of

the slit sizevhendthe distanc betwesncpnigi S&aad thescreeads pdapted fo El%afﬁ@aé lepgth gE

radi ati on_J.ngkden Ql : : PR d hth a single
cylindri rcl%ldsnﬁgtggl thgéwg'ﬁrég@@g%détlm%dclgﬁo %goggt@%giﬁ%\;\n %Cgéegv%bnbi nation
of two such | ensesAkaitowg i Fig@irk g2Bctik irefletedfoeas neasumighbaans 1, ahdwd,

prisnms, or in general with a so-called ananmorphotic _system i.e. a_system

whi ch hadTam the $nofssP: Md Scae sapared Py ithealenp She Whichnforas images Sii AaESemn from
T ST R e . _ !
i oot o diaitidlih 930 ThicBERRe SRR ARE RER PHeR a0 I Fpdaeitihen, |

di aphr agrpeim58 isisiearplynintigeyt opascteenfD raadihas itwo opéninge 94 and $5nBesindieach beam
Is utilized will function satisfactorily if this beamhas sufficient

i nt ensi t \f these openings a detegior 96y Jdilnamrngsd- (ihe quipuis obthess defestersta®n syst em
wherein g,i0es ¥ the input of a differential amplifier 98.

In the in-focus conditions the sizes of spots S, and S, are equal and
consequently also those of spots S,” and S,’. The detectors 96 and 97 then receive the
same amount of radiation and the focus-error signal is then for example zero. When the
screen D moves to the right with respect to the projection lens C, the spots S, and §;’
become smaller and the spots S, and S,* larger. Consequently less radiation of beam b,
reaches detector 97 and more radiation of beam b, , reaches detector 96. The focus-error
signal is then positive. When the screen D moves to the left the size of the spots S, and
S,’ increases and that of the spots S, and S," decreases and the focus-error signal
becomes negative.

Instead of the combination of the diaphragm 93 and the two detectors 96
and 97, in the embodiment of Figures 12A and 12B two CCD-sensor may be used,
which sensors should be located in the plane of diaphragm'93. The two sensors may be
replaced by a single CCD-sensor being provided with the possibility to measure
separately the ‘size of two spots.

In the embodiments described above each combination of a diaphragm slit
and a detector may be replaced by a detector having a radiation surface corresponding
to the size the image spot (S'; S;’; S,’) has when the source (50; 90; 91) is focused on
the screen D, '

In all embodiments described so far the size of the diaphragm opening, or
of the radiation-sensitive surface of the detector is preferably of the same order as the
size the image spot S has when the radiation source is focused on the projection screen
in order to have maximum sensitivity for focus-errors.

When the screen D moves over longer distances to the right or to the€ left

 Figures 4,6, 9, 11 or 12 not only the size of the image spot S’ will increase, but
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measuring beam having a lower intensity can be used, while still having a
hi gh sensitivity and a | arge capture range has the detector, or

detect or-di aphragmunit arranged at an angle smaller than 90[err] with the
optical axis of the lens 61, such that the image spot will always be forned
on the detector. The principle of this enbodinent is depicted in Figure 15.
For cl earness sake type the dinmensions Ih the Y-direction are exaggerated
relative to those in the X-direction. The auxiliary radiation source 50 is
arranged at a distance Y fromthe optical axis OO of the projection |ens
syst em amkoathe alidtérRBE theXchigramy tofithe heflested fotisnmedsoeing deirhi i Bagtiedry of -
the screen D is the in-focus position. In this position the radiation

sour ce i densnRlgwill changeq se that thsy Wnage sPet wilh Wﬁ]‘@i“ﬁ’é"aéﬁiﬁ Phpwrde dhtheTh; s

From t he P ety Seid B 1f JoP nifrPRRR, I oincded pbARE B i)
thi s | ensensiifgesurfdve ofche datector d8 sphlhiciedotldvimppen thae thel iidge ispoowilke offosi ti on
2ot e R St e A oo AR o T i 2t
e oLt o o T8, SR e Fooiflet e RS 3 gl
the | eft diaphtdpen 108 iwtithoa slit-shaped opening 101 is arranged in front of a detector 102,

Figure 13B shows a view along line AA’ of Figure 13A of the slit 101 in solid lines,

and of the underlying detector 102. The slit extends in a direction in the plane of

drawingé of Figure 13A and perpendicular to the optical axis of lens 61. In the in-focus

condition the image spot will have the position and size of spot S’ so that the detector

will receive a maximum amount of radiation. When defocusing occurs the image spot

will become larger and will move for example to the right as indicated by spot S". The

detector will receive then less radiation and it will continue to receive radiation because

the diaphragm slit and detector are sufficient long.

Another possibility to increase the capture range of the focus-error

detection system while maintaining the sensitivity resides in arranging a cylindrical lens

in the path of the reflected focus-measuring beam and to use a slit diaphragm. These

elements 111 and 112 respectively are shown in Figure 14A arranged one behind the

other along the Z’-direction, i.e. the direction the chief ray of the reflected focus-error

beam has in the in-focus condition. Figure 14B shows in a perspective view the

radiation path ‘of the reflected beam b, from an imaging lens 110 onto the detector 114,

The elements of Figure 14B are rotated over 90° about the chief-ray of beam b, with

respect to those of Figure 14A. In Figure 14A the cylinder axis of the lens 111 is

perpendicular to the plane of the drawing. This lens together with the lens 110 images

the spot S into an elongated spot ES on the diaphragm 112 having a slit 113 extending

in the plane of drawing of Figure 14A and located on the chief-ray of the beam b,. The

radiation passing through this slit is converted into an electrical signal by the detector

114.

In the in-focus condition the elongated spot ES has a minimum size, so
that the amount of radiation passing through the diaphragm slit and received by the

detector 114 is maximum. In this embodiment only part of the radiation of beam b, can
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19 Plerr] a spot S[err] is forned on the screen. The |l ens 61 re-inages
this spot into a spot S2' |ocated at a distance Y[err]', which is larger
than Y[err]', fromthe optical axis AA" and at a distance X err]', which
| arger than Xferr]', fromthe lens. So, upon |arger displacenents of the
screen the re-i'maged spot noves along the line 120 through the | ocations
spots S[err]', S[err]' and S[err]". Whel$ t he detector, or .
detector-di aphragmunit, is oriented in this direction the capture range
the focus-error detection systemis larger, for exanple from2 neters to
met er s apaissttheoughrtbe diaphragm slits tWhdn defgéusingnoagersethalelangaied spOeES ibists

up, which means that the radiation density (radiation intensity per unit area) of the
elongated spot decreases with the square of the focus-error. The portion of the slit that
is covered by the spot ES increases linearly with the focus-error, so that the amount of
radiation incident on the detector decreases linearly with increasing focus-error. The
movement of the spot ES due to a displacement of the screen D along the optical axis of
the projection lens system C is in the length-direction of the slit 113, so that such
movement will not result in a change of the radiation incident on the detector.

Instead of with a single cylindrical lens the elongated spot ES can be
obtained with a combination of two such lenses having parallel cylinder-axes, or with
one or two prisms, or in general with a so-called anamorphotic system, i.e. a system
which has in a first direction an optical power considerably different from the optical
power in a second direction perpendicular to the first direction.

The embodiments of Figures 13A-14B having slit diaphragms and wherein
only part of radiation of the focus measuring beam is utilized will function satisfactorily
if this beam has sufficient intensity.

An embodiment of the focus-error detection system wherein a focus
measuring beam having a lower intensity can be used, while still having a high
sensitivity and a large capture range has the detector, or detector-diaphragm unit
arranged at an angle smaller than 90° with the optical axis of the lens 61, such that the
image spot will always be formed on the detector. The principle of this embodiment is
depicted in Figure 15. For clearness sake type the dimensions in the Y-direction are
exaggerated refative to those in the X-direction. The auxiliary radiation source 50 is
arranged at a distance Y from the optical axis OO’ of the projection lens system and at
a distance X from this lens system. The position P, of the screen D is the in-focus
position. In this position the radiation source is imaged into a spot S, of minimum size
on the screen. This spot is re-imaged by the lens 61 into a spot S, at a distance Yy’
from the optical axis BB’ of the lens 6! and at a distance X' from this lens. When the
screen is displaced towards the right into the position P, a spot S, is formed on the
screen. The lens 61 re-images this spot into a spot S,’, located at a distance Y,’, which
is smaller than Y, from the optical axis BB’ and at a distance X,’, which is smaller

than X’ from the lens 61. When the screen is displaced towards the left in the position

is
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surface of the detection unit, through which surface the reflected focus
nmeasuring beamenters this unit, that should have the orientation of |ine

120.

It is remarked that the angle [err] between the |ine 120

and the optical axis is exaggerated, due to the exaggeration of the

Y-di mensions. kn practice this angle [err] will be determ ned by the

di stances in the X- and Y-directions betfwen the el ements of the system
FromFigure 15 it will be clear that:

[err]

wherein Y[err] is the distance between spot S[err] and the optical

axi s OO0 Ryredspeft 8 nd formetlom the streem.cTielone 6h refimagesothiscspod mntb @nspos $£t em and

the scre
hol ds:

el»[)](:altgq attar] gisg[ngg 'i’zllaur}l%cl]; Cz)sr laE’ghe(xa' than jYE,’i, c%xr']on([\) ]:g?e; ]%aticiafa 9% AR p;[mdS Ltea{ i
distance X,’, which is larger than X,’, from the lens. So, upon larger displacements of
the screen the re-imaged spot moves along the line 120 through the locations of spots
S’, Sy’ and S,’. When the detector, or detector-diaphragm unit, is oriented in this
direction the capture range of the focus-error detection system is larger, for example
from 2 meters to 15 meters and the sensitivity is still high. In general it is the first
surface of the detection unit, through which surface the reflected focus measuring beam .
enters this unit, that should have the orientation of line 120.

It is remarked that the angle ¢ between the line 120 and the optical axis is
exaggerated, due to the exaggeﬁﬁon of the Y-dimensions. In practice this angle ¢ will
be determined by the distances in the X- and Y-directions between the elements of the

system. From Figure 15 it will be clear that:

Yy T,

X X

wherein Y is the distance between spot S, and the optical axis OO’ and X, is the
distance between the projection lens system and the screen.

On the other hand for the position of the image spot S,’ holds:

Y"/ er - Y 5

X,/ X,

wherein Y, is the distance between the optical axes OO’ and BB’. This can be written

as.

In the preferred case that the source 50 is located at the optical axis OO’, so for Y = 0,
holds:

In practice it may be required that the distance X, can be varied between 2 and 15

meters and that the resulting movement of the image spot over the detector should be
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wherein Y[err] is the distance between the optical axes OO and BB . This
‘can be witten as: [err] In the
preferred case that the source 50 is |ocated at the optical axis OO, so
for Y = 0, holds: - [err] I n
practice it may be required that the distance Xd can be varied between 2
and 15 neters and that the resulting ngﬁenent of the inmage spot over the
det ect or shoul d be

limited to 5 mm. This requirement can be met with a lens 61 having a back focal
distance (= X,’) of 50 mm and with a distance Y, of approximately 23 cm, The angle ¢
is then approximately 80°,

The tilted detector can also be used in the embodiments of Figures 4, 6,
9, 11 and 12.

For all embodiments preferably the distance (Y,) between the axis (00")
of the projection lens system and the axis (BB’) of the lens 61 is as small as possible,
and the angle between the latter axis and the normal to the screen as small as possible.
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20 limted to 5 nm This requirenent can be met with a lens 61 having a
back focal distance (= Xferr]') of 50 mmand wth a distance Y[err] of
approximately 23 cm The angle [err] is then approximtely 80[err].

The tilted detector can also be used in the enbodi nents of Figures 4, 6, 9,
11 and 12. : For all enbodinents preferably the distance (Yd)
between the axis (OO ) of the projectidi |l ens systemand the axis (BB ) of
the lens 61 is as snmall as possi bl e,

laims:

B

L. - Image projection apparatus comprising:

- an image display system having at least one image display panel for generating an
image to be projected,

- a projection lens system for projecting the image from the display system on a
projection screen, and

- a focus error detection system having an auxiliary radiation source delivering a focus
measuring beam and a detection unit for converting the focus-measuring beam
reflected by the screen ih a focus-error signal,

characterized in that

- the auxiliary radiation source is arranged in a plane which, viewed from the
projection lens system, effectively coincides with the plane of an image display
panel,

- the auxiliary radiation source is imaged by the projection lens system into a spot on
the projection screen,

- an auxiliary lens system is provided for imaging the spot into a secondary spot on the
detection unit,

< -and in thatthis unit is a spot-sizé measuring unit.

2. Image projectiori apparatus as claimed in Claim 1, wherein-the projection

lens system is a zoomlens, characterized in that the foqus-error signal is applied to an

actuator of a movable lens group of the zoomlens.

3. Image projection apparatus as claimed in Claim 1 or 2, characterized in

that the auxiliary radiation source is arranged in the plane of the display panel outside

this panel.

4, Image projection apparatus as claimed in Claim 1 or 2, characterized in

that the auxiliary radiation source is arranged in a plane which is the mirror image of

the plane of a display panel with respect to a wavelength-selective reflector which is

arranged at an acute angle to the optical axis of the projection lens system.
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and the angle between the latter axis and the normal to the screen as snall
as possi bl e. 21
Cl ai ns:

22

5. Image projection apparatus as claimed in Claim 4, characterized in that

the acute angle is an angle of 45° and in that the auxiliary radiation source is arranged

in an even line with the said optical axis.

6. Image projection apparatus as claimed in Claim I, 2, 3, 4 or §,

characterized in that the detection unit comprises a CCD photodiode matrix arranged at

the position where the secondary spot is formed upon correct imaging of the auxiliary

radiation source onto the projection screen.

7. Image projection apparatus as claimed in Claim 1, 2, 3, 4, Sor 6,

characterized in that a first surface of the detection unit through which the reflected

focus measuring beam enters this unit is arranged at an acute angle with the optical axis

of the auxiliary lens system.

8. Image projection apparatus as claimed in Claim 1, 2, 3, 4 or §,

characterized in that the detection unit comprises:

- a diaphragm afranged at the position where the secondary spot is formed upon sharp
imaging of the auxiliary source onto the projection screen; and

- a photodetector arranged behind the diaphragm opening.

9. Image projection apparatus as claimed in Claim 8, characterized in that

the size of the.diaphragm opening corresponds to the size of the secondary spot formed

when the focus measuring beam is focused on the projection screen.

10. Image projection apparatus as claimed in Claim 8, characterized in that

the diaphragm opening is a slit, the length direction of which is parallel to the direction

aleng which the sécondary spot moves upon displacement of the projection screen along

the optical axis of the projection lens system.

11. Image projection apparatus as claimed in Claim 8, characterized in that

the detection unit comprises, in this order and viewed from the auxiliary lens system, an

anamorphotic system, a diaphragm having a slit opening with the slit direction,

substantially parallel to the direction of maximum optical power of the anamorphotic

system, and a photodetector. .

12. Image projection apparatus as claimed in any one of Claims 1 to 11,

characterized in that means are provided for axially moving the first spot with respect to

the projection screen and in that the output of the detection unit is coupled to one input

of a signal processing circuit, another input of which is coupled. to the said means for
This is ths replacernent sheet
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1. | mage projection apparatus conprising: - an inmage display
system having at | east one imge display panel for generating an | mage
to be projected, - a projection lens systemfor projecting the image from
the display systemon a projection screen, and - a focus error detection
system having an auxiliary radi ati on source delivering a focus measuri ng
beam and a detection unit for converting4the focus-nmeasuring beam
reflected by the screen in a focus-error signal, characterized in that -
the auxiliary radiation source is arranged in a plane which, viewed from

t he proj.ection.| ens stem effectively coincides with the plane of an
i mage di sf*g@y mov%tgp,ﬁr}s/t 99k auxiliary radiation source is imaged by the

proj ectiop] ens systpiFeigibjecorSBfPardis as claiifed®nOCRGh! 120 cB&L&BAzed in that
the means for axially moving the first spot are constituted by an actuator for
periodically and axially moving the auxiliary radiation source. '
14. Image projection apparatus as claimed in Claim 12, characterized in that
the means for axially moving the first spot are constituted by an actuator for
periodically moving a movable lens group of the projection lens system.
15. Image projection apparatus as claimed in any one of the Claims 1 to 11,
characterized in that the radiation source comprises at least two radiation emitting
elements displaced from one another in both a first direction parallel to the optical axis
of the projection lens system and a second direction perpendicular to the first direction
and in that the detection unit comprises a number of detectors corresponding to the

number of radiation emitting elements.

R U A0 i
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- an auxiliary lens systemis provided for inmaging the spot into a
secondary spot on the detection unit, - and in that this unit is a

spot -size neasuring unit. 2. | mage projection apparatus as
claimed in Caiml, wherein the projection | ens systemis a zoom ens,
characterized i.n that the focus-error signal is applied to an actuator of a
novabl e | ens group of the zoonl ens | mage projection apparatus
as claimed in Caiml or 2, characterlzeé in that the auxiliary radiation
source is arranged in the plane of the display panel outside this panel. 4.
| mage proj.ection apparatus as claimed in Caim1l or 2, characterized in

t hat the rary radiation source is arranged in a plane which is the
mrror 8 oFl' s @it hg RLYoRARS! s respect to a
wavel ength s%‘fé ot['?%e r tor V\hh;ﬁch is ar r¥ hhat an acute angle to the

optical axis of the proj ectl on | ens system

An image projection device comprising at least one display panel (26, 27,
28), a projection lens system (C) and a focus-error detection system is described. The
focus-error detection system comprises an auxiliary radiation source (50) delivering a
focus measuring beam (b), an auxiliary lens (61) for capturing radiation (b,) diffusely
reflected by a projection screen (D), and a detection unit (60) for measuring the size of
a spot (S) formed on the screen by the beam (b).

(Figure 2.)
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22 5. | mage projection apparatus as clainmed in Caimi4,
characterized in that the acute angle is an angle of 45[err] and in that
the auxiliary radiation source is arranged in an even line with the said
optical axis. 6. | mage projection apparatus as clainmed in Caim
1, 2, 3, 4 or 5, characterized in that_ the detection unit conprises a CCD
phot odi ode matri x arranged at the poSi%iQn where the secondary spot is
formed upon correct inmaging of the auxiliary radiation source onto the

proj ection screen. 7. | mage projection apparatus as clainmed in
Claiml, 2, 3, 4, 5 o0or 6, characterized in that a first surface ofﬂtBe
detection unit through which the reflected
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focus neasuring beamenters this unit is arranged at an acute angle with

the optical axis of the auxiliary |lens system 8. | mage

proj ection apparatus as clainmed in Claim1l1, 2, 3, 4 or 5, characterized in
that the detection unit conprises: - a diaphragm-arranged at the position
where the secondary spot is-forned uppqzsparp i mgi ng of the auxiliary
source onto the projection screen; and - a phot odetector arranged behind

t he di aphragm openi ng. 9. | mage projection apparatus as clained

in Caim8, characterized in that the size of the diaphragm opening

corresponds to the size of #he gecondary spot sprned when the focus

nmeasuri ng beamis focused thgzprojection scrden. 10. | mage

proj ection apparatus as cletm®d in Caim8, characterized in that the

di aphragm opening is a sl irgetion of which is parallel to
CHl axis of

the direction al ong which V upon di spl acenent of the
projection screen along t ojection lens system 11.

s clf gijnred in Cdi clharacterized in that the
detection unit conpri ses, 1 order and e romthe auxiliary |ens
system an ananor photi c sysk} 2\ diaphragnh%L?¢F§J;slit opening with the

| mage projection apparatus| fd
slit direction,
= FIG.3
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substantially parallel to the direction of maxi mumoptical power of the
ananor photic system and a photodetector. 12. | mage projection
apparatus as clainmed in any one of Clainms 1 to 11, characterized in that
means are provided for axially noving the first spot with respect to the
projection screén and in that the output, of the detection unit is coupled
to one input of a signal processing cit¢uit, another input of which is
coupled. to the said neans for

23 . ' F
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axially nmoving the first spot. 13. | mage projection apparatus as
claimed in Cdaim112, characterized in that the neans for axially noving the
first spot are constituted by an actuator for periodically and axially
novi ng the auxiliary radiation source. 14. ‘I mage projection
apparatus as clainmed in Claim1l2, characterized in that the nmeans for
axially noving the first spot are const it ut ed by an actuator for
periodically nmoving a novable |l ens group of the projection |l ens system 15.
| mage projection apparatus as clainmed in any one of the Clains 1 to 11,
characterized in thgt the radi ation source conprises at |east two radiation
emtting el enents dP8pl aced fromone, another in both a first direction '
parallel to the optﬂbal axi s of $ @) ection |l ens system and a second
direction perpendicylar to the fiIr ’

[TectTprigoigtidt the detection
unit conprises a nunber. of deAr%c_}o S logrﬂi nWZto t he nunber of

radi ation emtting gl enents.
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