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(54) Apparatus and method for detecting sheet to image registration

(57) The invention relates to an improved apparatus
for detecting sheet to image registration of images being
transferred from an intermediate image carrier to the
sheet. The invention further relates to an improved meth-
od for detecting sheet to image registration by means of

such an apparatus.
The advancing means are provided with suction means
for forcing a sheet to advance at a substantially constant
distance from the detection means, past the detection
means.
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Description

[0001] The invention relates to an apparatus for de-
tecting sheet to image registration. The invention further
relates to a method for detecting sheet to image regis-
tration by means of such an apparatus.
[0002] Electrophotographic printer devices, such as la-
ser printers, are known per se. In these devices, a latent
charge image of the image to be printed is generated on
an intermediate image carrier, such as a photoconductor
drum, which charge image is developed and transfer-
printed onto a recording medium, commonly a sheet, and
which is simultaneously or subsequently fixed onto the
sheet by fusing. Finally the printed sheet is fed potentially
after having been subjected to in-line finishing operations
to a sheet deposit location where the finished printed
sheets or sets of sheets are assembled. Due to the trans-
fer-print process step, necessary to transfer a developed
image from the intermediate image carrier to a sheet act-
ing as final image carrier, the position of the transferred
image relative to the sheet is relatively critical and can
easily get destabilised, in particular shifted, wherein wear
of certain printer parts commonly causes said destabili-
sation of the sheet-image registration. The sheet to im-
age registration may be detected and analysed by peri-
odically performing measurements on a finished printed
sheet, preferably a finished printed calibration sheet, us-
ing a separate conventional scanning device. A printed
calibration sheet is a sheet which has been processed
by the printer so as to form a predetermined reference
image thereon for calibration purposes. In case consid-
erable recording errors in the sheet to image registration
have been found, the printer may be (re)calibrated man-
ually. However, this known method is relatively laborious,
time-consuming, and hence expensive.
[0003] It is an object of the invention to provide an im-
proved apparatus for detecting sheet to image registra-
tion.
[0004] This object can be achieved by providing an
apparatus according to the preamble, comprising: trans-
fer means for transferring at least one image carried on
an intermediate image carrier to a sheet, detection
means positioned downstream the transfer means for
detecting the position of the transferred image relative to
the sheet, and advancing means for advancing said
sheet along the transfer means and the detection means,
where the advancing means controls the nominal posi-
tion of the sheet as the sheet advances past the transfer
means. By firstly transferring an image produced onto an
intermediate image carrier, and thereafter, in-line, detect-
ing the position of the transferred image relative to the
sheet, sheet to image registration can be detected in a
relatively quick, cheap and hence efficient manner. More-
over, due to the relatively efficient in-line sheet to image
registration detection, the apparatus according to the in-
vention may be designed in a relatively compact manner.
No separate components, such as a separate (conven-
tional) scanning device, are longer required to perform

an adequate sheet to image registration detection, which
is further in favour of the cost to perform an adequate
detection of sheet to image registration. The in-line sheet
to image registration detection provides (feedback) infor-
mation about the accuracy of the printing process. In case
the printing accuracy has been decreased to an accuracy
below a predefined accuracy limit, the apparatus accord-
ing to the invention may be (re)calibrated based on the
gathered information. It is noted that the expression
’sheet’ needs to be interpreted in a relatively broad sense
in this context; although commonly paper sheets are ad-
vanced through the apparatus according to the invention,
it is also conceivable for a person skilled in the art to
apply other types of recording media, such as e.g. plastic
sheets, photographic films, and printable optical digital
media (CD/DVD).
[0005] In order to further improve the reliability of the
detection results gathered by the detection means, the
advancing means are preferably adapted for advancing
a sheet in a substantially predetermined orientation rel-
ative to the detection means. In this manner, the condi-
tions under which the position of an image relative to the
sheet is detected can be held relatively similarly, which
is in favour of the accuracy of the sheet to image detec-
tion. In a particular preferred embodiment the advancing
means are provided with suction means for forcing a
sheet to advance at a substantially constant distance
from the detection means past the detection means. In
this manner the distance between the light source and
an advancing sheet, and the distance between the optical
sensor and an advancing sheet is predefined, as a result
of which the detection process can be performed rela-
tively precisely.
[0006] In an embodiment the detection means com-
prises at least one light source for illuminating a detection
area, and at least one optical sensor for detecting the
quantity of light reflected and/or transmitted by the de-
tection area. By means of an assembly of at least one
light source, preferably formed by a Light-Emitting Diode
(LED), and an optical sensor, preferably formed by a pho-
todiode, the position of the image relative to the sheet
can be detected in a relatively cheap though efficient
manner. To improve the efficiency of the detections
means, the detection means may further comprise at
least one lens for converging light generated by the light
source in the direction of the detection area. In this man-
ner the quantity of light reflected by the detection area in
the direction of the optical sensor can be increased, re-
sulting in an improved accuracy of the detection means.
The detection area will commonly be situated in a pre-
defined transport path via which a sheet is advanced,
and may therefore make part of the advancing means.
[0007] According to another embodiment of the
present invention the apparatus further comprises a con-
troller for determining the position of the transferred im-
age relative to the sheet after passing the detection
means. Determination of the position of an image relative
to the sheet is commonly realised by means of algo-
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rithms. Based on the image position calculated by the
controller the print accuracy can be determined, and, in
case the print accuracy is no longer satisfying, a calibra-
tion process can be initiated to (re)calibrate the apparatus
according to the invention. Preferably, the print accuracy
is monitored continuously, wherein calibration of the ap-
paratus may also take place continuously in case a re-
cording error is monitored, independent of the size and/or
number of recording errors. A filter may be applied to
suppress noise. In order to improve the analyzing proc-
ess performed by the apparatus in order to determine
the print accuracy of the apparatus according to the in-
vention, the apparatus preferably further comprises com-
paring means for comparing the detected position of the
image relative to the sheet with the (predefined) desired
position of the image relative to the sheet to determine
sheet positioning errors produced by the advancing
means. The comparing means may make part of the con-
troller. Based on the comparative information, the con-
troller will determine eventual deviations from the nomi-
nal print accuracy, and hence an eventual need to adjust
the apparatus according to the invention.
[0008] The apparatus is preferably formed by a printer
having one or more intermediate image carriers. Exam-
ples of intermediate image carriers are drums or belts.
The intermediate image carriers are typically provided
with an image forming surface layer such as e.g. a pho-
toconductive layer and/or a surface layer with good re-
lease properties such as e.g. a silicone layer or a fluor-
osilicone layer. Examples of such printers include mag-
netic printers, electrostatic printers, including electropho-
tographic printers and inkjet printers. For instance, elec-
trophotographic printing involves a selective discharging
of a photoconductive surface by exposure to light. The
exposure produces a latent image on the surface that
will either attract or repel charged toner particles. The
toner can be transported to the surface by dry carrier
beads or suspended in a liquid vehicle in order to develop
the latent image on the photoconductive surface. The
developed toner image is subsequently transferred di-
rectly or via one or more further intermediate image car-
riers to the sheet surface. The toner is then fused to the
sheet surface by heat and pressure. In inkjet printers print
heads each having a plurality of nozzles are used to write
images on a receiving member. These images are typi-
cally formed by image-wise controlling actuators associ-
ated with the nozzles to expel ink droplets from the noz-
zles in the direction of the receiving member. Any kind
of ink may be used as long as it is in fluid form when
discharged including aqueous inks, solvent inks, UV-cur-
able inks and hot melt inks. Various kinds of actuators
are known in the field of ink jet printing including thermal
actuators as well as piezo-electrical actuators. The re-
ceiving member may be an intermediate image carrier
on which the images are formed and subsequently trans-
ferred directly or via on or more further intermediate im-
age carriers to a sheet surface. According to this inven-
tion it is conceivable to apply the apparatus e.g. as a

monochrome or full colour printer, as a fax machine,
and/or as a (photo)copier.
[0009] The invention also relates to a method for de-
tecting sheet to image registration by means of an appa-
ratus according to the invention, comprising the steps of:
A) advancing a sheet along transfer means for transfer-
ring at least one image produced onto an intermediate
image carrier to said sheet, B) detecting the position of
the at least one transferred image relative to the sheet,
and C) comparing the apparent position of the at least
one image relative to the sheet with the actual position
of the at least one image relative to the sheet to determine
sheet positioning errors. Advantages of this method ac-
cording to the invention have already been elucidated
above in a comprehensive manner.
[0010] In an embodiment of the method according to
the invention the position of the transferred image relative
to at least one sheet edge is determined during step B).
In this manner, the sheet edge will be used as reference
position relative to which the positioning of the transferred
image is determined by means of the detection means.
[0011] In an alternative embodiment of the method ac-
cording to the invention, multiple images are transferred
from the intermediate image carrier onto the sheet during
step A) (and during a single apparatus passage). In this
manner, the mutual distance between a sheet edge and
each of the transferred images can be determined for
optimising the sheet to image registration. In a particular
preferred embodiment, the relative (mutual) position of
the multiple transferred images is detected during step
B). Preferably, the distance between the transferred im-
ages is predetermined, wherein the images are printed
at precisely known longitudinal intervals. In this context,
each individual calibration mark, such as for example a
calibration line, is considered as an individual image.
[0012] In a further embodiment the at least one image
is formed by a calibration mark being transferred onto
the (calibration) sheet. To perform the sheet to image
registration detection, and eventually to calibrate the pa-
per advance mechanism, the calibration sheet is ad-
vanced through the apparatus while the optical sensor
is positioned to detect the one or more calibration marks.
Calibration logic calculates the apparent space intervals
between adjacent calibration marks, and eventually be-
tween the calibration mark(s) and a sheet edge, and com-
pares them with the known intervals to determine the
positioning error of the calibration mark(s).
[0013] During step B) the advancing sheet is preferably
forced in a substantially predetermined orientation along
the detection means which will be in favour of the detec-
tion reliability. In a particular preferred embodiment, dur-
ing step B) the advancing sheet is forced by means of
suction in a predetermined orientation relative to the de-
tection means. In this manner the distance between the
advancing sheet and the detection means will be held
substantially constantly, thereby further increasing the
accuracy of the sheet to image registration.
[0014] In this context it is noted that the controller of
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the apparatus according to the invention will commonly
not merely be adapted to determine the position of the
transferred image relative to the sheet after passing the
detection means, but also to perform the method accord-
ing to the invention.
[0015] The invention will be illustrated by means of the
following non-limitative embodiment, wherein:

figure 1 shows a side view of a laser printer according
to the invention, and
figure 2 shows a top view of a calibration sheet for
use in the laser printer according to figure 1.

[0016] Figure 1 shows a side view of a laser printer 1
according to the invention. The laser printer 1 comprises
a rotatable, drum-shaped photoreceptor 2 made of pho-
toconductive material. The laser printer 1 also comprises
an electrical wire 3, also known as a corona wire, for
providing the photoreceptor 2 selectively a positive
charge. By means of an optical assembly of a (diode)
laser 4 and one or more lenses 5 (of which merely one
is shown) a laser beam 6 is focussed on the external
surface 7 of the photoreceptor 2 to enable photons to
discharge position-selective areas of the surface repre-
senting a electrostatic image representing a negative im-
age of an image stored in a controller 8 of the laser printer
1. Subsequently, the photoreceptor 2 is covered with ton-
er powder 9 being positively charged, which toner 9 sticks
to the discharged areas of the photoreceptor 2. The toner
9 is initially held by a toner hopper 10. Then the rotating
photoreceptor 2 passes along an advancing sheet 11,
commonly made of paper, which sheet was given a neg-
ative charge, stronger than the negative charge of the
electrostatic image, as a result of which the sheet will
attract the toner powder 9, thereby transferring the neg-
ative image onto sheet 11 as positive image. Finally, the
laser printer 1 passes the sheet 11 through a pair of heat-
ed rollers 12, also known as the fuser, melting the toner
powder 9 into the sheet and hence finalizing the sheet
11. The sheets 11 are initially held by a sheet tray 13 and
are advanced through the laser printer 1 via a predefined
path 14 (indicated by arrows) by means of multiple ad-
vancing rollers 15. The rollers 15, the photoreceptor 2,
the toner hopper 10, and the laser 4 are all controlled by
the controller 8 to make sure the photoreceptor 2 and the
advancing sheets 11 are moving with exactly the same
speeds to optimise the image transfer, and hence the
print quality. However, due to wear of certain compo-
nents, e.g. of the advancing rollers 15, of the laser printer
1, the sheet to image registration can become unstable
in time. To monitor a shift in the sheet to image registra-
tion the laser printer 1 also comprises a detection system
16 for detecting the position of the transferred image(s)
relative to the sheet 11. The detection system 16 com-
prises an optical assembly of a light source 17, in partic-
ularly a LED, and a lens 18 for focussing light generated
by the light source 17 in the direction of the sheet path
14. Light reflected by the sheet path 14 and/or by a sheet

11 advancing in said sheet path 14 can be observed by
a photodiode 19. Although the photodiode 19 is posi-
tioned next to the light source 17 in this non-limitative
embodiment, it would also imaginable to position the pho-
todiode 19 and the light source 17 opposite to each other,
wherein the sheet path 14 is enclosed. In this latter case,
light transmission through the sheet will be detected rath-
er than light reflection. By measuring the quantity of light
reflection both a sheet edge of the sheet 11 and an image
printed onto that sheet 11 can be observed. To improve
the accuracy of the detection system 16 a suction device
20 is provided to realise a substantially constant distance
between a passing sheet 11 and the detection system
16. The suction device 20 comprises a smooth plate 21
provided with multiple perforations 22 via which an un-
derpressure is generated in the sheet path 14 enclosed
by the detection system 16. The sheet to image registra-
tion results gathered by the detection system 16 are
transferred to the controller 8 to determine eventual re-
cording errors. In case recording errors are detected by
the controller 8, the controller 8 will commonly calibrate
the advancing rollers 15 and/or the photoreceptor 2
and/or timing of the laser beam 6 to correct the sheet to
image registration. In this manner, sheet to image regis-
tration detection can be performed in-line with the printing
process and within the same apparatus 1. In this way,
sheet to image registration can be detected in a relatively
quick, efficient and relatively cheap manner.
[0017] Figure 2 shows a top view of a calibration sheet
23 for use in the laser printer 1 according to figure 1. The
calibration sheet 23 is adapted to be advanced trough
the laser printer 1 in the direction of arrow T. Two cali-
bration lines (line A and line B) are printed with a known
interval I (5 millimetre) onto the sheet 1 close to a front
edge 24 of the sheet 23. Moreover, the apparent position
of line A relative to the front sheet edge 24 is also known
and is defined at 5 millimetre in this example. By advanc-
ing this sheet 23 through the detection system 16 of the
laser printer 1 the front sheet edge 24 and both calibration
lines A and B are detected. The actual position D of line
A relative to the front sheet edge can be calculated by
the following formula: 

wherein timeedge → lineA must be interpreted as the
time difference detected between the detection of the
front edge 24 and the detection of line A, wherein time-
lineA → lineB must be interpreted as the time difference
detected between the detection of line A and the detec-
tion of line B. A major advantage of this method of deter-
mining the actual position of line A is that no parameters
are used relating to the speed of the advancing sheet,
since this speed may not be continuously constant in
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time. By eliminating this uncertain or unreliable speed
parameter the accuracy of this method using multiple cal-
ibration lines (instead of merely a single calibration line)
can be improved significantly. The calculated actual dis-
tance of line A relative to the front sheet edge 23 can be
compared with the apparent position of this line A, as a
consequence of possible recording errors of the laser
printer 1 will be revealed. In case recording errors are
revealed during this comparison step, a calibration step
may be performed to counteract recording errors during
future print jobs.

Claims

1. Apparatus for detecting sheet to image registration,
comprising:

transfer means for transferring at least one im-
age carried on an intermediate image carrier to
a sheet,
detection means positioned downstream said
transfer means for detecting the position of the
transferred image relative to the sheet, and
advancing means for advancing said sheet
along the transfer means and along the detec-
tion means, where the advancing means con-
trols the nominal position of the sheet as the
sheet advances past the transfer means.

2. Apparatus according to claim 1, wherein the advanc-
ing means are provided with suction means for forc-
ing a sheet to advance at a substantially constant
distance from the detection means past the detection
means.

3. Apparatus according to any preceding claim, where-
in the detection means comprises at least one light
source for illuminating a detection area, and at least
one optical sensor for detecting the quantity of light
reflected by the detection area.

4. Apparatus according to claim 3, wherein the at least
one light source is formed by a light-emitting diode
(LED).

5. Apparatus according to one of the foregoing claims,
wherein the apparatus further comprises a controller
for determining the position of the transferred image
relative to the sheet after passing the detection
means.

6. Apparatus according to one of the foregoing claims,
wherein the apparatus further comprises comparing
means for comparing the detected position of the
image relative to the sheet with the desired position
of the image relative to the sheet to determine sheet
positioning errors produced by the advancing

means.

7. Method for detecting sheet to image registration by
means of an apparatus according to one of claims 1
to 6, comprising the steps of:

advancing a sheet along transfer means for
transferring at least one image produced onto
an intermediate image carrier to said sheet,
detecting the position of the at least one trans-
ferred image relative to the sheet, and
comparing the apparent position of the at least
one image relative to the sheet with the actual
position of the at least one image relative to the
sheet to determine sheet positioning errors.

8. Method according to claim 7, wherein during step B)
the position of the transferred image relative to at
least one sheet edge is determined.

9. Method according to claims 7 and 8, wherein during
step B) the advancing sheet is forced by means of
suction in a predetermined orientation relative to the
detection means.
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