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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 measunng beam radiation reﬂected by the pro_;ecnon screen into a focus-error
51gnal

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 accommodanng
a dnsplay panel. A dlsplay 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 illumination unit for illuminating the panel or the 'painels. |

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 dev1ce each
change of the projection distance necessitates refocusmg of the image by readjusting the
zoom lens manually or possibly via a remote control unit. Moieovér, optical elements
of the image pro_]ectlon dev1ce may be displaced w1th respect to each other due to, inrer
alia temperature variations, so that the prolected image may be defocused ‘The known
image pmjeqnon;dcy;pes thus require an additional quantity of time, attention and
expertise: of ihe u.ser._'-._..'l‘,he coh'venigr_yce of use of an image prpjection device would be
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enhanced considera_bly 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 tocus of the projection lens system is automatically adjusted with reference to sald

'measurement.

An image projection' device in whieh 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'sy-stem 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 rneasnring'
beam is optically not coupled to the projeetion 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 mexpensnve To this end the image projection device according to the

_invention is characterized in that the auxlllary radiation source is arranged in a plane |

which, _v1ewed from the projection lens system, effectively coincides wlt_h 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 provxded for imaging the
spot into a secondary spot on the detection unit and in that this unit is a spot size
measuring unit. o ' ' |
This focus;error detection system detects whether the display panel is
always sharply imaged on the projection screen, mdependent 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 ad]usted if that_ is not the case. Moreover, the focus-

i 1 jecti n .
error is measured via the projection lens system This Sheet Has Been RTla ced.
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It is rel_ﬁarked that the Abstract of .Japanese _Parent Applieation 3-239085
laid open t_o' public inspection discloses an image projection_apparatus with a focus-error
detection system wherein the focus-error is measured via the projection lens system.
However the focus measuring beam is. not supplied by an adxiliary'radiation. source

effectively arranged in the plane of a display panel but from the main radiation source -

‘which sdpplies the projectien 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 disp.lay-panel and the

projection screen. Moreover, in this épparatus 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 6utside this channel so
that the focus measuring beam can reach a sensor positioned in the light péth 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 measunng beam radiation reflected by the prq]ectlon screen enters the
auxiliary lens system s0 as to be concentrated on the detectron system. 'I'he 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 projectiorx lens system along its optical axis under control
of the focus-error signal. D |

An image pto;ectron device in wh:ch the pro;ectxon lens system is a zoom
lens is preferably further characterized in that the focus-error signal is apphed 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

focus-error detection system controls the front group of a zoom projection lens system
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is described in the published Japanese Patent Applicatien (Kokai) 3-141336. However,

this Patent Application does not show how the focus-error signal is generated.

The image projectien device 'may be.further characterized in that the
auxiliary radiation source is present in the plane ef the display panel outside this panel.

It should then be ensured that the screen is larger than the largest size of
the pro;ected 1mage

This is no longer necessary in a preferred embodiment of the image
projection device which is characterized in that the auxlhary 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 optieal__axis
of the projection lens system. o | |

This reflector is, for example, a dlchrmc mirror which reﬂects the v1sxble
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 -
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 focu$ measuring beam is perpendicularly
incident oh-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 secondéry 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 seﬁsitivity,
this embodiment, and other embodiments to be described later on may be further -
characterized in that a ﬁrst surface of the detectlon unit, through which the reflected
focus measunng beam enters this unit, is arranged at an acute angle wnh the optical
axis of the auxxhary lens system.

An embodiment of the apparatus ‘which is altemauve to the embodlment
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with the photddiode 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 prOJecuon screen and a photodetector arranged
behind the dlaphragm opening.

| The size of the secondary spot is measured then by detecfing thé 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

10
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~ ‘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 |
sensitivity is maintained. N |

- Another embodiment, élso having a lérge capture range, is characterized
ih thét 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 paréllel to the direction of maximum power of the anamorphotic-
system, and a photodetector. The anamorphotic system may comprise one or two
cylindrical lenses or prisfns. _ | . _

In order to detéct both the magniiu'de and the sign'of a fochs-error' all of
the above embodiments are characterized in that means are provided for periodically
moving the'ﬁrst s_pdt 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
Wthh is coupled to the said means for axnally moving the first spot. |

The said means my be constituted by an actuator for penodxcally and

| aXially movmg the auxlhary radiation source or by an actuator for periodically moving

30

the projection lens system or a movable lens group of this lens system
With axial is meant along the opncal 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



10

15

20

-This Sheet Has Been Rep

PO

radiation source comprises at least two radiation emitting elements dlsplaced from one
another in both a first direction parallel to the optical axis of the pro;ecuon lens system
and a second direction perpendicular to the first du'ecnon and in that the detecnon unit

comprises a number of detectors correspondmg to the number of radiation emmmg
clements. . |

These and other aspects of the invention will be apparent from and
elucidated with -refefence to the embodiments descri_béd hereinafter. In the drawings:
_Figufe 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 fochs-errordetéct_ion syste'm,
" Figure 5 shows a detection unit for such system,
Figure 6 shows a \u.und embodlment of a focus-error detection system
Figure 7 shows the vutput signal from this system, _
Figure 8 shows the vutput sugnal of a focus-error detection system with an
axially moving spot,
Figure 9 shows a first embodiment of such system,
Figure 10 shows the operating principle of this system,
Figﬁre 11 shows a second embodiment of a focus-error detection system
with an axlally moving spot, | |

Figures 12A and IZB show an embodlment of a focus-error detection

) system with a multlple radiation source,

Figures 13A and 13B show a focus-error detection _system' with a slit

- diaphragm,.

Figures 14A and l4B show a focus-error detectmn system with a
cylindrical lens and a slit diaphragm, and
| Flgure 15 shows why and how the detection unit should be tllted
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In Figure 1 the block A denotes an lllum_mauon system emltnng 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

10

s

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

arranged on each plate. These electrodes may be arranged in a large number of rows
and c'olumns,'thus defining a large number of pixels in the displéy panel. The different
pixels are driven by dnvmg the matrix electrodes as is dlagrammatlcally shown by
means of the drive termmals 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 indéx of the material 4 so.that the light passing
through a given pixel undergoes or does not undergo a rotation of the direction of
polarizatioh, dependent on the absence or presence of a local electric field at the
location of the relevant pixel. | |

Instead of this passivé—drivé 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 pléte 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. |

The beam mcxdent on the display panel 1 should be polanzed preterablv

~ linearly polarized. However, the illumination s_ystem A produces unpolarized light. A
linearly pdlarized component having the desired direction of polarization is selected

~ from this light by means of a polarizer 10. An analyzer 11 whose direction of

Polanzanon 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 pro;ecnon lens system C. The llght from the
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non-energlzed pixels which rotate the dlrecuon of polarization of the beam through 9(°.

“is blocked by the analyzer. The analyzer thus converts the polarization modulation of

the beam into an intensity modulation. The projection lens system C projects the image
formed on the panel | on a projectidn screen D. This projected image cen be watched
by a viewer W. o _

The illumination syStem may comprise a high-power lémp, 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—cellection power but also a low throughput so
that the numerical aperture and cross—se_ction 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 |s preferably 1mplemented as descnbed in EP
Patent Apphcanon no. 0 395 156 and compnses 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 and that this beam
has a uniform intensity distribution. The available light is then used to an optlmum
extent and the image on the pro;ectlon screen has a uniform bnghtness

An illumination system which has optimum properties as far as the use of
light is concerned and which is preferably used in the image prOJecnon device is
described in Eufopean Patent Application no. 0 467 447. This illumination system
comprises a special polarization-sensitive beam splitter and a pola'rizetion 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 modulatiqn by the display

-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 constitu_te one beam which
Passes through the display system with the suitable direction of po_larization;

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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When the image projéction device described above is opefated, the user
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.will first have to focus the projected image on the_prdjection 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. Duri'ng.use'. this distance may chaage due to, for
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 f_orm' 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 & main lens group, a front lens group and a variator lens group with
which the image size is adjusted, but also a compen.sator léns group with which the
focus variation due to the movement of the variatoi' group is Compensaied; By providing |
the image projection device with an automatic focus servo systém -according to the
invention, not only the manual focus sétting may be dispensed. with but it is also
sufﬁ'cieat 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 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 lmage projection device aécordi_ng 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 syst'em C in the form of a zobm lens. The prihcipal axis 00’ |
of the illumination system is in ahgnment with the optlcal axis DD’ of the apparatus

whlch in the embodiment shown is first dwuded 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

eff'ectivély extend at an acute angle to said sub-axes. 'Ef_fecti_vely 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 ona color-selectwe

feﬂector 20, for example a dichroic mirror which reflects, for example the blue color

‘Component by 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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remaining red color component bg towards a reflector 22 which reflects the red beam

towards the projection lens system. The retlector 22 may be a neutral reflector or a
reflector which is optimized for red light. The blue beam is reflected towards a display

oanel 26 in the form of a liquid crystalline panel by means of a neutral or blue-selecti_\-e _

reflector 23. This panel is electronically driven in known manner so that the blue

component of the image to be projected appears on this pariel The beam modulated
with the blue information reaches the projection lens system C vig a color-selecnve
reﬂector 24, which passes the blue beam and reflects the green beam, and a further
c;olor-selectwe 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 combonent and is
then successively reﬂeoted 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 supenmposed at the input of this lens
systém so that a color image whxch is magnified by this system ona pro;ecnon 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, bg and by are equal at the area of their display panels.
Moreover the opucal 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 d:fferently
colored scenes are satxsfactonly focused on the projection screen.

Lenses 40, 41 and 42 may be arranged in front of each one of the dlsplay

‘panels 26 27 and 28, which lenses jointly ensure that all radiation from the exit plane

of the 1llum1nat_10n system is concentrated in the entrance pupxl 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
€ach lens fulfilled by two lenses, one of which is arranged in front of each display 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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implemented as shoWn in Figure 28 of European Patent Application no. 0 467 447.

| Instead of a dlsplay system havmg three monochrome panels, the color
unage projection device may alternatnvely be prov:ded with a display system having
only one dlsp_lay panel, viz. a composite-or-color panel. This color panel then comprises
a number of pixels whi_ch is, for example three times as large as the number of pixels of -
a monochrome panel. The pixels of the éolor 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

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

. or a reflective panel.

The three chrominance chahnel_s of the color image projection device may
alterriatively be accommodated in separate units each comprising their 6wn illumination
system and a display panel. The red. green and blue beams sup[ilied by these units and
modulated with image information are combined by, for example dichroic mirrors and
subsequently reach the projection lens. Such an embodiment 6f the image projection
device is shown in Figure 29 ot EP .-\pblication no. 0 467 447.

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

sensitive detection system 60, an clectronic 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 bé:am b. The reflectors 22
and 25 are forrhed in such a way that they pass fhis 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 the radiation of the beam b toWa_rds the detection - |

system 60 which comprisés 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 oﬁ this screen, as will be described hereinafter. Since the plane of the
$°l_ll'ce 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 §, is also indicative of the extent to which these panels are focused on the screen..
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If the display panel appears to be defocused on the Screeh’, for exarhple because the

screen has been moved along the optical axis or bccausé the focal length of the

19.03.1993

projection lens has been changed, the focusing of the projection lens can be adapted 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 6ircuit CA
which supplies a control signal S, f'or the motor M. For example, the focusing group of
the projection' lens can bé_ moved with respect to the othe: 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

15

30

rack (55) 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 projeéti_on 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
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.

Figure 4 shows schematlcally 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 dnffuse_ly 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 ata constant distance f* from this lens
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irrespective of the focus condition of the projection lens with respect to the projection

screen. This focus condition does determine the size of the spot S and consequently that
of the secondary spot S’ If the auxllxary source 50 is sharply 1maged on the screen D
the spot S’ has the minimum size. - '

The size of spot $' may be determined by an array of photodiodes, fof
example a so-called CCD-array, which diodes afe 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 S°, the sne of this spot can be
located. Instead of a two-dimensional array also a linear array of photodxod_es can be
used. The photodiodes can be read out via line and/or column electrodes which are

coupled to an electronic circuit for processmg the diode signals and wherein the number

of illuminated diodes is counted

15

20

In Figure 6 a second embodiment of the focus-error detection system is

depicted. ThlS embodiment comprises a diaphragm 70 at the locatlon 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 SO. 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 §; is maxlmum When this mutual distance changes the
signal S, decreases. '

~ The SIgnal S¢as a funcuon of the focus condition 2 of this embodiment
and that of .the embodiment of Figures 4 and 5 is shown in Flgure 7. This signal has |

-~ ‘only one polarity so that it can only be determined 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 -

30

obtained by providing the system with means which provoke a periodic movement of
the spot § along the optical axis ZZ’ of the projection lens. This periodic moment can
be obtained by penodlcally moving the radiation source S0 along the ZZ’ axis. As is

shown in Flgure 9, the radiation source may to this end be arranged on a plezoelecmc

element 80 which is energized by a penodlcal 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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of the project_lon lens system C. The image S of the diode laser S0 formed by this

PHN 14.413 | . | 19.03.1993

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

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

a'm_plitude 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
amplitude will be smaller upon defocusing and assumes the values A, |, A,,; if the
scl'een 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 W'ill be A,..i,» An.2, TEspectively.

The lower part of Figure 10 shows, as a function of time t, the variation
of the voltage V, of the radiatio_n source with which the actuator 80 is energized. This
voltage has éperlod T. Dependent on the position of the screen, the perioclica_l -
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 1s applied to a filter 82 which
passes the AC component only. The right-hand part of Figure 10 shows the ﬁltered
detector 31gnal So; which is obtained if the focus measunng beam b is focused on the

prOJectxon screen. The periodical position modulatlon of the 1mage 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 s;gnal So.2 thereby has a period T/2
hence a frequency which is twice that of the voltage Vp. If the screen is at the position
Z,, the voltage V; results in the defocusing becoming alternately smaller and larger.
The filtered output signal Sy3 which is.then obtained has a frequency which is equal to
that of the voltage Vp and an amphtude whxch is dependent on the position Z,. If the
screen is in the position -Z,, i.e. the defocusing is equally large but opposne to that
with the screen in the position Z;, a filtered detector signal Sy is obtamed Whlch has
the same frequency and amblitude as the signal So3, but which is shifted 180° in phase.

The filtered detector signal is compared with the signal V, in a

synchronous detecnon circuit 83, Figure 9. lf both 51gnals have a different trequency,
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there will be no focus-error. If the trequenc1es are equal defocusmg will occur whose

sign is determmed by comparison of the phase of the filtered detector ‘signal (S0 ;0rS,,)

with that of the signal V, and whose value is given by the amplitude of the signal S; -
or So.4-. |

The pl‘OjeCthI'l lens system can be corrected again by means of the focus-
error srgnal supplied by the synchronous detection circuit.

Under normal circumstances it sufﬁces that the projection épbarat_u‘s 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 embodirrient 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 12'A'and 12B shov)s an embodiment of a focus-error detection

system that supphes a focus-error signal indicating both the magnitude and sense of a

: focus-error without usmg 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

detectors. Two stationary radiation sources 90, 91, LED’s or diodelasers, are used
which are displaced in both the Z- and’ X-dlrectxons, with respect to a point 58 which
may represent the centre of display panel 28 (Figure 1) and is 1maged 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 rudiation
sources 90 and 91 are focused respectively ina 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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size when the distance between point 58 and the screen is adapted to the focal length of
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lens system"C, i.e. when point 58 is imaged into a point image S on screen D.

As shown in FigUre 12B the retlected focus measuring beams b, , and b,
from the spots S, and S, are captured b.y the lenS 61, which forms images S,” and S,’ on
a diaphragm 93. This dlaphragm is located in the plane where spot S is imaged when o
point 58 is sharply lmaged 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'l 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 S,’

become smaller and the'spots S,and S’ Iarger'. 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 §. and S," decreases and the focus-error signal
becomes negative. ' | |

" Instead of the combization of the diaphragm 93 and the two detectors 96
and 97, in the embodiment of Figures 12\ 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 pessibility 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 detectdr having a radiation surface corresponding
to the siie the image. spot (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 ef the detector is preferably of the_same order as the |
size the image spot S’ has when the radi'atibn'souree is focused on the projection screen

in order to have maxlmum sensmwty for focus-errors.
| When the screen D moves over longer dlstances to the right or to the lett

_in Figures 4, 6, 9, 11 or 12 not only the size of the image spot §* will increase, but
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also the direction of the chief ray of the reﬂected focus measunng 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 dxaphragm opening or the
sensmg surface of the detector is small it could happen that the image. spot walks off
from these element so that the focus-error signal gets lost.

- This is prevented in the embodiment shown in thure 13A wherem a
dlaphragm 100 with a 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 hnes.
and of the underlying detector 102. The slit extends in zt direction in'thc plane of
drawings of Figure 13A and perpendiCulat to the optical axis of lens 61. In the in-focus
condition the image spot will have the positit)n and size of spot S' 5o that the detector
will receive a maximum amount of radiation. When _defocuéihg 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 radlatlon and it will continue to receive radiation because
the dtaphragm slit and detector are sutncnent long.

Another possibility to increase the capture range of the focus-error
detection system while mamtaxmng the sensmwty resides in arranging a cyhndncal lens
in the path of the reﬂected focus- measunng beam and to use a slit dlaphragm 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 perspectxve 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 |
pérpendicular tb the plane'of' the drawing. This. lens together with the lens 110 images
the spot S into an elongated spot ES on the dlaphragm 112 having aslit 113 extending
in the plane of drawing of Figure 14A and located on the chxef-ray of the beam b,. The

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

In the in-focus condition the elon’gatéd 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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pass through the diaphragm slit. When detocusmg occurs the elongated spot ES blows

up, which. means that the radiation densuty (radiation intensity per unit area) of the
elongated spot decreases with the square of the focus-error. The portion of the Slll 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 Iength-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 lehs the elongated spot ES can be
obtained with a combihation of two such lenses havihg paraile’l cylindet'-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 con51derably dlfferent from the optical

- power in a second direction perpendicular to the first direction.

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

only part of radiation of the focus measuring beam is utilized will function satlsractonly

.1t this beam has sufficient intensity.

An embodlment 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 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 §ystem 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 Y,

from the optical axis BB’ of the lens 61 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

s smaller than Y,, from the optical axis BB’ and at a distance X,’, whxch is smaller
than X, from the lens 61. When the screen is dlsplaced towards the left in the posmon



10

15

25

This Sheet Has Been Replaced

P 1.0 R e

P, a spot S, is formed on the screen. The lens 61 re-images this spot into a spot S,’
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located at a distance Y,’, which is larger than Y,’, from the optical axis AA’and at a

‘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,", So’ 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 umt through which surface the reflected focus measurmg beam
enters this unit, that should have the onentanon of line 120.

It is remarked that the angle ¢ between the line 120 and the optical axis is
exaggerated, due to the ekaggerati_en_' of the Y-dimensiens. 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

wherem Ys is the dxstance between spot S0 and the optlcal axis 00’ and X, is the

' dlstance between the pro;ecuon lens system and the screen.

On the other hand for the position of the image spot S,’ holds:
Yu/' _ .. Yd-Y.\'

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 S0 is located at the optical axis 00", soforY =0,
holds: | | '
Y/ = X / _Yi
Q . U X

d

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

meters and that the resulting movement of the image spot over the detector should be '
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limited to S mm. This requirement can be met with a lens 61 having a back focal |
distance (= X,") of 50 mm and with a distancé 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.

This Sheet Has Been Replaced




10

15

" Claims:

- PHN 14.413 ' - 21 19.03.1993

This Sheet Has Been Re

T

1. Image projection _apparétus compr'ising:'

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

- a projection lens system for pro;ectmg the image from the dxsplay system ona
prOJecuon screen, and ' )

- a focus error detection system havihg an auxiliary radiation source delivering a focus
measuring beam and a detection umt tfor converting the focus-measunng beam

-~ reflected by the screen in a focus-crror sngnal

characterized in that _ _

- the auxiliary radiation source is arranged in a plane which, viewed from the |

‘ pfojection lens system, effectisely coincides with the plane of an image display
panel, |

- the auxlhary radiation source 1n :maged by the pro;ecnon 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, I ' '

- and in that this unit is a spot-size measuring unit,

2. Image projection .a.p.paratus- as claiméd in Claim 1, wherein the projection

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

actuator of a movable lens group of the zoomlens. |

3. Irﬁage.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 t0a wavelength-selectiv'e reflector which is

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

[ ||||| ULV
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S. . Image projec_t'ion apparatus as claimed in Claim 4, characterized in that

(254
9
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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. 40r 5,

characterized in that the detection unit comprises a CCD photodiode matrix arranged at
the position where the secondary spot is tormed upon correct 1magmg of the auxxhary
radiation source onto the projection screen.

7. Image pro;ecnon apparatus as claimed in Claim 1, 2, 3, 4, 5 or 6.
charactenzed in that a first surface of the detectlon 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. _ [mage projection apparatus as claimed in Claim 1, 2.. 3,40r5,

characterized in that the detection unit comprises:

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

- a photodetector arranged behmd the dxaphragm opening.

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

- the size of the dlaphragm opening corresponds to the size of the secondary spot tormed -

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

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

 the diaphragm opening is a slit, the length direction of which'is paraliel 10 the direction

along which the secondary spot moves upon displacement of the projection screen along’
the optical axis of the projection lens system. ' _

1. - Image projection apparatus as claimed in Claim 8, charactenzed in that
the detection unit comprises, in this order and viewed from the auxlhary lens system, an
anamorphotic system, a diaphragm having a slit opening with the slit direction.
substantially parallel to the direction of maximum optical pewer _nf the anamorphotic
system, and a photodetector. _ |

12. Image projection apparatus as clanmed in any one of Claims | to 11,
characterized in that means are provided for axially movmg the first spot with respect to
the projection screen and in that the output of the detection unit is coupled to one 1r_|pul_

of a signal processing circuit, another input of which is coupled to the said means for

* c L N S *
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axially moving the first spot.

13. [mage projection apparatué as claimed in Claim 12, characterized 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 ax1ally moving the first spot are constituted by an actuator for
periodically moving a movable lens group of the projection lens system.

1S. 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 eini'tting

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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