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(54) Abstract Title
Scanner with selectable lens and automatic focus and magnification adjustment

(57) A scanner comprises low resolution lens 102 and high resolution Iens 109, one of which is used at any
time, and CCD (or contact image sensor) sensor 106. The lens in use is selected by motor 110. In order to
ensure that the system is correctly focused and the magnification is correct, the output of the sensor is
analysed to determine the current focus and magnification when test chart 101 is in place; the focus and
magnification are used to control motors 111 and 107 respectively which move the base carrying the lenses
and the sensor respectively. Sensors 104 and 108 determine which lens is in use, and microsensors 103 and
105 determine if the motors are at a datum position. The focus and magnification may be corrected repeatedly
in turn, up to a preset number of times. Focus is determined from the modulation transfer function, a measure

of the image sharpness.
104 110 103
A £ .

ES ] = 105
o e — ol .,
: .
= = —
1~ 102 —106
L )
o % -
® | g
_J ° ™~
I~

| e :Q N

/ ) 1]
M09 108

FIG.1

2> 1l

IE
{—_O—HQ il
=

VvV 8¢0¢¢ec 99



IOId

801 60} o
° e I \ 7 L °
| [Te . Mf il
| O ! m -
©
QO m b o o
ﬁ ©
\ @ T
/| ( S
] — — (|
. ® X
L0} = 1N St e
° B e e | M
) dﬂl \ A
GOl L g J

¢0!




AN

801 o
- E— ./ =) L =]
ST e e P ™™
O]
//1
/r[ 0O |4
i Tl ! o
oo g =
[ = st By B ,
\l | I ] v m]. ﬂl‘_lﬁ @ _q....l|“
90— f__| o 601 L
- H H L—d
— i 201 © ar
“l\lz © 1 1 u
NO— a llﬁ ° mm =T Yol s _.Ilo '3
(0 o) — \ \ { A
soI~TF - 3 )
| ) ol 701 10}




( start ) 301

/_J

select scanning resolution

1

select lens
correspondenec with
the selected resolution

302

Y

306

move the len
according to the

| resolution

properly

move CCD

sensor properly

N
304




10

15

- - 2322028

MULTIPLE OPTICAL LENS SYSTEM WITH AUTO-
FOCUS CALIBRATION

The present invention relates to a system with multiple optical lens, and more
particularly to a system with capability of auto-focus calibration including sharpness and
magnification adjustment, furthermore, to achieve the purpose of obtaining more
accuracy in focus adjusting than conventionally manual operations, and upgrading yield

rate of the system with multiple lens.

As science goes on getting progress, many kinds of products are produced and
modified each day. A similar progress also occurs in optical systems such as scanners.
A requirement of higher resolution than ever has brought about an optical system with
multiple lens.  Unfortunately, even finer optical instruments still have some
manufacture errors, such as focal length of lens can not exactly fit with its theoretical
focal length, or summation of kinds' manufacture errors after assembly. In order to
upgrade accuracy and yield rate of the optical systems, some adjustments are required

for calibrating the system.

Conventional scheme for sharpness and magnification calibration of a scanner is
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“achieved by using manual adjusting. Not only the system accuracy depends on the

operator’s experiments and is out of control, but is inconsistent with the requirement of
auto-producing procedures. An improvement to the traditional scheme of adjusting

becomes an eager desire for upgrading yield rate with high efficiency.

The principle object of the present invention is to provide an optical system such
as scanmer with multiple lens to be capable of automatically calibrating foci of lens inside

the system without applying manual adjusting.

The other object of the invention is to provide the optical system being capable of

upgrading accuracy and yield rate of the system.

A further object of the invention is to provide the optical system being capable of

following auto-producing procedures for achieving high efficiency purpose.

The optical system according to the invention is composed of at least a test chart,
a lot of optical lens, micro-sensors, home-sensors, a base control motor, an image sensor,
a lens switch motor for switching the optical lens, and an imaging control motor for

moving the image sensor.

The optical system according to the invention applies the imaging control motor
and the base control motor for controlling movements of the image sensor and the

optical lens, respectively, and obtains information derived from the image sensor for
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sharpness and magnification calibration. This procedure repeats until the optical

system passes both the sharpness and magnification calibration criteria.

The foregoing aspects and many of the attendant advantages of this invention will
become more readily appreciated as the same becomes better understood by reference to
the following detailed description, when taken in conjunction with the accompanying
drawings, wherein:

FIG. 1 represents a drawing of an optical system having multiple lens and capability of
auto-focus calibration according to the present invention, and a condition of 1220 dpi
(Dot-Per-Inch) resolution is calibrating;

FIG. 2 is a drawing of the optical system that a condition of 3048 dpi resolution is
calibrating; and

FIG. 3 shows a flow chart for describing operations of auto-focus calibration according

to the present invention.

FIG. 1 displays a drawing of an optical system having multiple lens and capability
of auto calibrating foci of the lens (referring to “auto-focus calibration system” for short).
Furthermore, the FIG. 1 also represents a condition of 1220 dpi (Dot-Per-Inch)

resolution is calibrating.

According to schematic diagram of the FIG. 1, the auto-focus calibration system
is basically composed of a test chart 101, lens 102 and 109, micro-sensors 103 and 105,
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home-sensors 104 and 108, a charge coupled device (CCD) 106, a CCD control motor
107, a lens switch motor 110 for switching the lens 102 and 109, and a base control

motor 111 for moving base of the auto-focus calibration system.

Both of the base of the auto-focus calibration system and the CCD 106 must
return to their initial conditions before the auto-focus calibration procedure starts. The
home-sensors 103 and 105 detect whether the base and the CCD 106 arrive their initial
states, respectively. The lens switch motor 110 switches the lens 102 and 109 based on
resolution to make the optical path passes through the test chart 101, the lens 102 or 109
to the CCD 106. Calibration information is then derived from the CCD 106. Based
on the calibration information, sharpness and magnification calibration can be achieved
by using the base control motor 111 and the CCD control motor 107 for properly

moving the base of the auto-focus calibration system and the CCD 106, respectively.

Please note that the base control motor 111 can only move the base of the auto
calibration system. Movement of the CCD 106 is under controlled by the CCD control
motor 107. In addition, the image sensor is not being constrained to a specific device.
For example, the CCD 106 in the preferred embodiment can be replaced by another kind
of image sensor such as CIS (Contact Image Sensor) in accordance with proper

modification in structure.

Furthermore, the lens 102 and 109 represent different resolution, and being
switched by the lens switch motor 110. Information detected by the micro-sensors 103

and 105 is used to notify the auto-focus calibration system which lens is under
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calibrating. The test chart 101 contains special patterns designed beforehand for
adjusting purpose, and forms a clear image with known magnification while a calibrated

lens forms an image on its focus exactly.

According to calibration procedure described in the FIG. 1, the lens switch motor
110 switches the lens 102 to center of the auto-focus calibration system to make the
optical path pass through the test chart 101, the lens 102 to the CCD 106. Calibration
information can be derived from the CCD 106. In the mean time, the of the micro-
sensor 108 is off, but the micro-sensor 104 is on. It implies that the lens 102 is under
calibrating. ~After the calibration information is obtained, the base control motor 111
moves the base of the auto-focus calibration system properly for purpose of focus
adjustment of the lens 102. The magnification adjustment is achieved via movements

of the CCD 106 by using the CCD control motor 107.

FIG. 2 describes calibration procedure of resolution 3048 dpi. Similarly to the
condition of the resolution 1220 dpi, the lens switch motor 110 switches the lens 109 to
the center of the auto-focus calibration system, and makes the optical path pass through
the test chart 101, the lens 102 to the CCD 106. Calibration information is also derived
from the CCD 106. In the mean time, the micro-sensor 104 is off, but the micro-sensor
108 is on. It implies that the lens 109 is under calibrating. After the calibration
information is obtained, the base control motor 111 moves the base of the auto-focus
calibration system properly for purpose of focus adjustment of the lens 102. The
magnification adjustment is achieved also via movements of the CCD 106 by using the

CCD control motor 107.



FIG. 3 is a flow chart representing the operations of auto-focus calibrating
according to the present invention. After all components of the auto-focus system
returns to their initial states, a calibrated resolution must be decided for selecting
accordance lens (step 301). The lens switch motor 110 can implement this task of
selecting the specified lens. For example, the 1220 dpi resolution applies the lens 102,

and resolution of the 3048 dpi applies the lens 109.

Sharpness calibration is performed in step 303. Because each optical instrument
has somewhat manufacture error, the calibrated lens can not avoid itself to have no such
error. However, an incorrect focus will generate a blurring image. It is important t0
make the lens for imaging on its focus as exactly as possible. Furthermore, an optical
system such as scamner can be seemed as a transferring system for converting plane
imaging signals into digital signals. A desire for an image evaluation scheme to

estimate the system performance is certainly growing up.

In the preferred embodiment, the scheme for evaluating sharpness quality of the
auto-focus calibration system is MTF (Modulation Transfer Function) that applies a test
chart with half resolution to the calibrated system. For example, a test chart with 100
lppi resolution is used for a scanner with 400 dpi resolution. After the calibration
information is obtain, R (Red), G (Green), B (Blue) channels are analyzing separately for
ensuring them can pass a preset criterion of sharpness measurement. In the preferred
embodiment, evaluation of the preset criterion is 40%. If the auto-focus calibration

system fails in MTF measurement, the base control motor 111 will move the base of the
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auto-focus calibration system to force the lens 102 or 109 being properly moved until
the auto-focus calibration system passes the MTF evaluation (step 304). Please note

that the CCD 106 is motionless in the step 304.

Magnification calibration is performed after the sharpness adjusting is completed
(step 305). An image generated by the proper focus may be clear but fails in
magnification after the sharpness adjusting (it also raises by manufacture error of the

optical instrument). That is the reason why the magnification calibration is needed.

Assume theoretical magnification of the lens is known as M *, and current
magnification being M. In the preferred embodiment, the deviation of magnification is
defined as:

M *— M|
M‘

where the |M * — M| represents the absolute value of the difference between M *and
M. The deviation of magnification I can not be greater than 0.005 in the preferred
embodiment. Furthermore, if value of |M *— M|is smaller, the magnification is
closer to the theoretical magnification.

When the detecting magnification fails in the measurement mentioned above, the

CCD must be moved for purpose of modifying the current magnification M (step 306).
This can be done by using the CCD control motor 107 to move the CCD 106. While
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the deviation of magnification I is less than the preset criterion 0.005, the auto-focus
calibration system goes back to step 303 for sharpness calibration because the sharpness
may have been changed. The auto-focus calibration system repeats the above
procedure from steps 303 to 306 until the system passes both criteria of the sharpness

and magnification calibrations.

In some cases, the calibration procedure described in the FIG. 3 may trap in an
infinite loop for some optical system having larger manufacture error.  To avoid this, a
timer is used for counting the calibration time from the procedure starts. When the
calibrating time is over than a preset criterion, the auto-focus calibration system will stop
automatically for the optical system fails in the calibration procedure. This also

achieves the requirement of auto-testing process.

In conclusion, the present invention discloses an auto-focus calibration system for
adjusting sharpness and magnification in an optical system having multiple lens. Not
only the purpose of modern auto-producing procedure is achieved, but also increases the

yield rate and production effect.

As is understood by a person skilled in the art, the foregoing preferred
embodiments of the present invention are illustrated of the present invention rather than
limiting of the present invention. It is intended to cover various modifications and
similar arrangements included within the spirit and scope of the appended claims, the
scope of which should be accorded the broadest interpretation so as to encompass all

such modifications and similar structure.
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CLAIMS

1. An optical system having multiple lens with auto-focus calibration capability, said
system can calibrate sharpness and magnification of said lens in said system, for
achieving purpose of automation and upgrading yield rate and economical efficiency,
said system comprises:

home-sensing means for notifying whether said system returns to initial
condition;

image-forming control means responsive to a resolution designating signal for
generating image-forming enabling signals;

testing means for generating testing signals;

a plurality of image-forming devices receives said image-forming enabling
signals for activating one of said image-forming devices, remainder of said image-
forming devices being keeping idle, and said active image-forming device receives said
testing signals for generating imaging-designating signals;

imaging means responsive to said imaging-designating signals for generating
calibration information representative of information for said sharpness and said
magnification calibration ;

a plurality of micro-sensing devices for notifying which said image-forming
devices is active;

base controlling means responsive to said calibration information for
controlling moving of said image-forming devices; and

imaging controlling means responsive to said calibration information for
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controlling motions of said imaging means.

2. The system according to claim 1, wherein said testing means comprises a test chart.

3. The system according to claim 1, wherein quantity of said image-forming devices is

equal to total number of said micro-sensing devices.

4. The system according to claim 1, wherein said image-forming devices comprises a

plurality of lens.

5. The system according to claim 1, wherein said imaging means comprises a CCD
(Charge Coupled Device).

6. The system according to claim 1, wherein said imaging means comprises a CIS

(Contact Image Sensor).

7. An optical system having multiple lens with auto-focus calibration capability, said
system can calibrate sharpness and magnification of said lens in said system, for
achieving purpose of automation and upgrading yield rate and economical efficiency,
said system comprises:

testing means for generating testing signals;

image-forming controlling means responsive to a resolution designating signal
for generating image-forming enabling signals to designate an activating image-forming

device;
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first image-forming device responsive to said image-forming enabling signals
for deciding whether said first image-forming device is activated, when said first image-
forming device is active, said first image-forming device responsive to said testing
signals for generating first imaging-designating signals;

second image-forming devices responsive to said image-forming enabling
signals for deciding whether said second image-forming device is activated, when said
second image-forming device is active, said second image-forming device responsive to
said testing signals for generating second imaging-designating signais;

imaging means responsive to said first imaging-designating signals for
generating first sensing information representative of information for said sharpness and
said magnification calibration when said first image-forming device is active, and
responsive to said second imaging-designating signals for generating second sensing
information representative of information for said sharpness and said magnification
calibration when said second image-forming device is active;

first micro-sensing means for notifying whether said first image-forming
device is active;

second micro-sensing means for notifying whether said second image-forming
device is active;

base controlling means responsive to said first sensing information for
controlling moving of said first image-forming device when said first image-forming
device is active, and responsive to said second sensing information for controlling
moving of said second image-forming device when said second image-forming device is
active;

imaging controlling means responsive to said first sensing information for

11
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controlling motion of said imaging means when said first image-forming device is active,
and responsive to said second sensing information for controlling motion of said imaging
means when said second image-forming device is active;

base home-sensing means for notifying whether base of said system returns to
initial condition of said base; and

imaging home-sensing means for notifying whether said imaging means

returns to initial condition of said imaging means.
8. The system according to claim 7, wherein said testing means comprises a test chart.

9. The system according to claim 7, wherein said first image-forming device comprises a

plurality of optical lens.

10. The system according to claim 7, wherein said second image-forming device

comprises a plurality of optical lens.

11. The system according to claim 7, wherein said imaging means comprises a CCD
(Charge Coupled Device).

12. The system according to claim 7, wherein said imaging means comprises a CIS

(Contact Image Sensor).

13. A method for auto sharpness and magnification adjusting in an optical system with

multiple lens, said method comprising the steps of:

12
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inputting a resolution information representative of a resolution being
calibrated;

selecting lens according to said resolution information;

performing a sharpness calibration procedure for forcing said system to pass
sharpness calibration;

performing a magnification calibration procedure for forcing said system to
pass magnification calibration; and

repeating said performing said sharppess calibration procedure and said
performing magnification calibration procedure steps a plurality of times until said
system pass both said sharpness calibration and said magnification calibration.

14. The method according to claim 13, wherein said sharpness calibration procedure
comprising the steps of:

producing a sharpness adjusting information representative of sharpness
calibration measurement of said system;

moving said lens by using said sharpness adjusting information; and

repeating said producing and said moving steps a plurality of times until said

system passes a preset criterion of sharpness calibrating measurement.

15. the method according to claim 14, wherein said sharpness adjusting information is

obtained by using a MTF (Modulation Transfer Function) scheme.

16. The method according to claim 15, wherein said preset criterion of sharpness

calibrating measurement is 40%.

13
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17. The method according to claim 13, wherein said magnification calibration procedure
comprising the steps of:

detecting current magnification;

comparing theoretical magnification of said lens and said current magnification
to obtain a comparing information;

moving image sensors of said system by using comparing information; and

repeating said detecting, said comparing, and said moving steps a plurality of

times until said system passes a preset criterion of magnification measurement.

18. The method according to claim 17, wherein said comparing information is obtained
by the steps of:

calculating a difference between said theoretical magnification and said current
magnification;

calculating an absolute value of said difference;

calculating a quotient of said absolute value dividing said theoretical
magnification; and

outputting said quotient being said comparing information.

19. The method according to claim 18, wherein said preset criterion of magnification

measurement is 0.005.

20. The method according to claim 17, wherein said image sensors comprises a CCD

(Charge Coupled Device).

14
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21. The system according to claim 17, wherein said image sensors comprises a CIS

(Contact Image Sensor).

22. The method according to claim 13, said step of repeating said detecting, said
comparing, and said moving steps a plurality of times further comprising a step of
counting all calibration time, when said calibration time is over than a preset criterion,
said method of auto sharpness and magnification adjusting stops automatically for said

optical system fails to pass said sharpness and magnification calibration.
23. The method according to claim 13, said step of said inputting said resolution

information representative of said resolution being calibrated further comprising a step

of making said optical system return to initial condition of said optical system.

15
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