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ADJUSTING COPIER COPY CONTRAST AND
DENSITY DURING PRODUCTION RUNS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This application is a reissue application for U.S. Pat. No.
4,451,137, based on U.S. Ser. No. 382,532, filed May 27,
1982, by Ronald W. Farley.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to copiers having auto-
matic document feeders which produce copies of multi-
sheet documents.

2. Description of the Prior Art

High-speed copiers having automatic feeders are
currently in use to produce copies. In one example, a
recirculating feeder is coupled to a copier and causes
the copier to make collated copies of a multi-sheet doc-
ument. The recirculating feeder automatically feeds
individual sheets in succession from the bottom of a
document stack (a multi-sheet document in the feeder
tray) to the exposure platen for copying and returns
such sheet to the top of the document stack while main-
taining the original orientation. After each sheet of a
document stack has been fed once, the document stack
can either be fed again or removed from the feeder.
Since the copy sheets are delivered from the copier in
the same order as the original document sheets, colla-
tion of the copy sheets by a sorter accessory is unneces-

Occasionally, a sheet of the document stack will have
a contrast or density which when copied by the copier
at its normal copy setting will produce a poor copy. The
term contrast, as used herein, refers to the rate of
change (or slope) of the copy reflective density (Dout)
with respect to the original document reflective density
(Din). In this case, the practice is to remove this docu-
ment sheet from the document stack and copy it indi-
vidually, making a good intermediate or master copy.
The master copy is then returned to the appropriate
position in the document stack and copying undertaken.
A problem with this technique is that when the master
copy is copied, (making a copy of a copy), image quality
may be unavoidably degraded.

Another contrast and density control technique is set
forth in commonly assigned U.S. patent application No.
137,149, entitled Copy Contrast and Density Control,
filed Apr. 4, 1980 now U.S. Pat. No. 4,350,435 to Fiske
et al and now U.S. Pat. No. 4,350,435, The disclosed
apparatus adjusts copier process parameters to produce
copies having improved copy contrast and density. A
memory has a stored matrix array of sets of copier pro-
cess parameter information, with each set having values
which correspond to specific levels of Vo, Eo, and V3
respectively. The operator designates a particular set.
Means responsive to the values of the designated set
change the exposure E produced by exposure lamps,
the voltage Vo initially applied onto the surface of a
photoconductor by a charger and the bias V gapplied to
an electrode of a development station to provide a copy
having improved contrast and density.

In U.S. Pat. No. 4,294,536 to Paxton, apparatus is
disclosed in which contrast and density of copies of

20

235

3o

35

40

50

65

2

selected document sheets of a multi-sheet document are
adjusted during production runs without making master
copies. Paxton discloses two techniques. In the first,
before a production run, an operator manually enters
into memory the copier process parameter information
for controlling copying of a particular document sheet.
In another disclosed technique, in order to enter this
information into memory, a multi-sheet document is
inserted into a recirculating feeder. Each document
sheet is fed to the exposure platen and at least one copy
is made of it. If the copy is satisfactory, the document
sheet is returned to the tray. If not, copies are made
until a proof copy with the acceptable contrast and
density is made. Copier process parameter information
for the proof copy as well as the sequential position of
this document sheet in the multi-sheet document are
then entered into memory and the document sheet re-
turned to the stack. After this process is completed, the
recirculating feeder is operated and copies are made.
For each document sheet for which a proof copy was
made, a copy in accordance with stored copier process
parameter information is made with contrast and den-
sity as exhibited by the proof copy so that when the
entire multi-sheet document is copied, all the copies
have desired contrast and density.

Although the Paxton techniques represent a signifi-
cant advance in the art, there remain opportunities for
improvement. In the first technique, an operator must
properly identify the page number of the document
sheet before its process information is entered into
memory. If he makes a mistake, this copier process
information may be applied to the wrong sheet of the
document. In the second technique, at least one copy
must be made of each document sheet before a produc-
tion run can be undertaken which adds time and ex-

pense.
SUMMARY OF THE INVENTION

In accordance with the present invention, there is
provided a document feeder coupled to a copier having
variable contrast and density controls. The feeder in-
cludes a document positioner and a recirculating feeder.
An operator feeds document sheets one at a time from a
multi-sheet document into the positioner. If an operator
determines the copier will make a satisfactory copy of a
document sheet at its “normal copy” setting, such sheet
is directly delivered to the tray of the recirculating
feeder. If, however, & document sheet has contrast and
density such that the copier process parameters should
be adjusted before a copy is made, an operator stops the
sheet at the exposure platen, adjusts the contrast and
density controls and makes an output or proof copy.
The adjustments are varied until a proof copy exhibiting
acceptable contrast and density is produced. The copier
process parameter information corresponding to the
proof copy as well as the sequential position of the sheet
in the document are entered into memory. The docu-
ment sheet is then delivered to the tray. This process is
continued until all the sheets of the multi-sheet docu-
ment are in the tray. The recirculating feeder is then
operated in the same manner disclosed in the Paxton
pateat to produce copy sets.

DESCRIPTION OF THE DRAWINGS

F1G. 1is a scliematic showing a side elevational view
of a copier, document feeder, and a logic and control
unit in accordance with the invention;
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F1G. 2 is a block diagram of the logic and control unit
shown in FIG. 1;

FIG. 3 shows an enlarged cross-section of the photo-
conductive web of FIG. 1, which includes an integral
screen;

FIG. 4 shows copier controls for operating the copier
of F1G. 1; and ~

FIGS. 5-6 diagrammatically illustrate various modes
of operation of the document feeder.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

To assist in understanding the present invention, it
will be useful to consider an electrophotographic copier
having a logic and control unit {LCU 31), and a docu-
ment feeder. Whenever the term “document sheet” is
used, it refers 1o particular mediums such as sheets hav-
ing images to be copied. The term “document” refers to
a plurality of document sheets that are to be copied
during a production run. The term *“copy” refers to the
output of the copier such as a copy sheete having a fixed
toner image. A copy set is a plurality of copy sheets that
correspond in page sequential order to the sheets of a
document. A production run is a plurality of copy sets
produced from a multi-sheet document.

Feeder Apparatus

F1GS. 1, 5-6 show a document sheet feeding appara-
tus 50 including a recirculating feeder 51 and document
positioner 86. The feeder apparatus 50 is used with a
copier 1 having an exposure platen 2 at which docu-
ment sheets are positioned for copying of information
on one or both sides of the sheets. The recirculating
feeder has a tray 92 for supporting a document at a
location spaced from the platen 2. Guides in the feeder
define a recirculating sheet path 110, 134, 154 extending
from the tray 92 to the platen and back to the tray 92. A
non-recirculating sheet path extends from the positioner
tray 200 to the platen 2 and from the platen along path
134, 135 to the tray 92. The two sheet paths are at least
partially coextensive in the area of the platen and the
area where the sheets are fed to the tray. The feeder
apparatus 50 is similar to that disclosed is shown in
commonly assigned U.S. Pat. No. 4,176,945 issued Dec.
4, 1979 to Holzhauser et al, the disclosure of which is
incorporated by reference herein.

F1GS. 5-6 diagrammatically illustrate three different
modes of operation of the feeder apparatus of the inven-
tion. F1G. 8 shows the simplex mode of operation of the
recirculating feeder wherein only one side of each doc-
ument sheet S is to be copied. In such instance, the
document sheets S are positioned in the tray 92 with the
information to be copied facing upwardly, with the
document sheets in their normal order, and with the
topmost sheet being the first sheet of the document. A
rotatable solenoid 140" which is connected to a sheet
diverter 140 is energized in response to a signal from the
LCU 31 and rotates the diverter clockwise to the posi-
tion illustrated in FIG. 5. Thereafter, in response to a
signal from the LCU 11, the lowermost document sheet
is withdrawn from the bottom of the stack by means of
an oscillating vacuum device 102 and fed through the
path 110 onto the exposure platen 2. For & more com-
plete disclosure of the tray 92 and device 102, see the
aforementioned U.S. Pat. No. 4,176,945, Block or regis-
tration gate 60 stops and registers the document sheet §
at the exposure platen. As shown in F1G. 1, when ener-
gized, two xenon flashlamps 3 and 4 flash illuminate the
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registered document sheet S at the exposure platen. For
a specific disclosure of a typical exposure station, see
commonly assigned U.S. Pat. No. 3,998,541, issued Dec.
31, 1976. By means of an object mirror 6, lens system 7,
and an image mirror 8, an :mage of the illuminated
document is optically stopped on discrete areas of a
moving photoconductor shown as a photoconductive
web 5. After a document sheet is illuminated, the block
60 is withdrawn from the path of travel and the docu-
ment sheet is then driven from the platen in the same
direction, that is, from right to left, through the sheet
paths 134 and 154 back onto the top of the stack of
document sheets in the tray 92. This cycle continues
until the required number of sets of copies has been
made, as determined by a set counter (not shown) in the
LCU 31.

FIG. 6 illustrates the second mode of operation
which uses the document positioner 86. When docu-
ment sheets are to be copied by means of the document
positioner 86, 1 document sheet is fed across tray 200,
into the nip of rotating rollers 111 which deliver it to
the platen 2 where it is registered by the block 60. After
one or more copies of the document sheets are made,
the block 60 is raised, and the drive rollers (not shown)
drive the document sheet from the platen and partially
through the path 134. In this second mode, the solenoid
140’ is de-energized and sheet diverter 140 is rotated
counterclockwise to the position illustrated in FIG. 6.
The document sheet is directed along the path 166 and
the document sheet is delivered to a tray 242. Although
the operation of the document positioner has been spe-
cifically described in connection with the copying of
simplex original documents, it will be apparent that
duplex documents can be copied by operating the appa-
ratus as described in the aforementioned U.S. Pat. No.
4,176,948,

In the third mode of operation, the sheet diverter 140
is in the position illustrated in FIG. §, and a document
sheet fed by the positioner is delivered from sheet path
134 to sheet path 154 and into the tray 92. This third
mode will be described in detail in the section entitled
set-up.

Copier and Photoconductive Web

F1G. 3 illustrates a partial cross-section of the photo-
conductive web 5 which includes a transparent support
12, a screen 13, a conductive layer 14', and a photocon-
ductive layer 16'. The support 12’ provides mechanical
strength to the other layers of the web and makes it
suitable for use in electrophotographic copying ma-
chines. For a more complete description of the photo-
conductor web § and its screen see commonly assigned
U.S. Pat. No. 4,294,536 to Paxton.

Returning to FIG. 1, the web § is trained about six
transport rollers 10, 11, 12, 13, 14, and 185, thereby form-
ing an endless or continuocus belt. For more specific
disclosures of such transport rollers, see commonly
assigned U.S. Pat. Nos. 3,615,406 and 3,615,414, both
issued Oct. 26, 1971. Roller 10 is coupled to a drive
motor M in a conventional manner. Motor M is con-
nected to a source of potential V when & switch SW is
closed by a logic and control unit (LCU) 31. When the
switch SW is closed, the roller 10 is driven by the motor
M and moves the web 5 in clockwise direction as indi-
cated by arrow 16. This movement causes successive
image areas of the web § to sequentially pass a series of
electronhotographic work stations of the copier.
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For the purpose of the instant disclosure, several
copier work stations are shown along the web's path.
These stations will be briefly described.

First, a charging station 17 is provided at which the
photoconductive surface 9 of the web 5 is sensitized by
applying to such surface an electrostatic charge of a
predetermined voltage. The station 17 includes an A.C.
corona charger shown as a three wire. A.C. charger.
The output of the charger is controlled by a grid con-
nected to a programmable power supply 17B. The sup-
ply 17B is in turn controlled by the LCU 31 to adjust
the voltage level Vo applied onto the surface 9 by the
charger 17. For an example of digital regulation of a
corona charger, see U.S. Pat. No. 4,166,690,

As previously described, at exposure station 18, an
inverse light image of a document sheet S is projected
onto the photoconductive surface 9 of the web 5. The
projected image dissipates the electrostatic charge at
the light exposed areas of the photoconductive surface
9 and forms a latent electrostatic image. A programma-
ble power supply 18A, under the supervision of the
LCU 31, controls the intensity of duration of light from
lamps 3 and 4 to adjust the exposure level E incident
upon the web 8. For a specific example of such an expo-
sure station and programmable power supply, see com-
monly assigned U.S. Pat. No. 4,150,324, issued Aug. 8,
1978 to Seil.

A dual magnetic brush developing station 19 inciudes
developer which may consist of iron carrier particles
and clectroscopic toner particles with an electrostatic
charge opposite to that of the latent electrostatic image.
Developer is brushed over the photoconductive surface
9 of the web 5 and toner particles adhere to the latent
electrostatic image to form a visible toner particle,
transferable image. The dual-magnetic brush station 19
includes two rollers, a transport roller 19A, and a devel-
oper roller 19B. As is well understood in the art, each of
the rollers 19A and 19B include a conductive (non-mag-
netic) applicator cylinder which may be made of alumi-
num. For an example of a dual-magnetic brush station,
see commonly assigned U.S. Pat. No. 4,279,942 issued
July 21, 1981 to Swapceinski. In the disclosed embodi-
ment, conductive portions, such as the drive shaft and
the applicator cylinder of the transport roller 19A, act
an an electrode and are electrically connected to a
source of fixed D.C. potential, shown as a battery 19C,
Conductive portions of development roller 19B also act
as an ¢lectrode and are electrically connected to a pro-
grammable power supply 19D controlled by the LCU
31. Power supply 19D adjusts the level of Vg, the volt-
age level applied to an electrode located in the station
19

The copier 1 also includes a transfer station shown as
a corona charger 21 at which the toner image on web $
is transferred to a copy sheet §'; and a cleaning station
28, at which the photoconductive surface 9 of the pho-
toconductive layer 16 is cleaned of any residual toner
particles remaining after the toner images have been
transferred. After the transfer of the unfixed toner im-
ages to a copy sheet S', such sheet is transported to a
heated pressure roller fuser 27 where the image is fixed
to the copy sheet §'. '

As shown in FIG. 1, a copy sheet S’ is fed from a
supply 23 to continuocusly driven rollers 18, (only one
of which is shown) which then urge the sheet against a
rotating registration finger 32 of a copy sheet registra-
ton mechanism 22 and the sheet buckles. When the
finger 32 rotates free of the sheet, the driving action of
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the rollers 18’ and release of the sheet buckle cause the
copy sheet to move forward onto the web § in align-
ment with & toner image at the transfer station 21.

To coordinate operation of the various work stations
17, 18, 19, 21, and 25 with movement of the image areas
on the web 5 past these stations, the web has a plurality
of perforations along one of its edges. These perfora-
tions generally are spaced equidistantly along the edge
of the web 8. For example, the web 8 may be divided
into six image areas by F perforations; and each image
area may be subdivided into 51 sections by C perfora-
tions. The relationship of the F and C perforations to
the image areas is disclosed in detail in commonly as-
signed U.S. Pat. No. 3,914,047, At a fixed location along
the path of web movement, there is provided suitable
means 30 for sensing web perforations. This sensing
produces input signals into the LCU 31 which has a
digital computer, preferably a microprocessor. The
microprocessor has a stored program responsive to the
input signals for sequentially actuating then de-actuat.
ing the work stations as well as for controlling the oper-
ation of many other machine functions as disclosed in
U.S. Pat. No. 3,914,047,

SCREEN OPERATION

As is shown in Paxton U.S. Pat. No. 4,294,536, a half
tone screen may be included as an integral part of the
photoconductive web 5, such as illustrated in FIG. 3. It
is often advantageous to activate the screen when a
document sheet contains a continuous tone image or a
large area of uniform density.

As previously described, image exposure is effected
by flash lamps 3 and 4, which forms a latent electro-
static image of the document sheet on the web. Forma-
tion of a plurality of charge islands within the latent
electrostatic image is effected by second uniform expo-
sure through the rear of the web and through the inte-
gral halftone screen 13’ formed in the web. This rear
exposure may be carried out prior to, simultanecus
with, or after image exposure of the photoconductor,
the only requirement being that this rear exposure be
carried out after charging and prior to development. A
plurality of flash lamps 83 are shown to provide this
rear exposure and activate the screen 13' and are ener-
gized by an adjustable power supply 84 which, in turn,
is operated by the LCU 31. The output of the power
supply can be varied to change the exposure of the
lamps 83. The lamps 83 provide a uniform rear exposure
through the screen 13’ and serve to at least partially
discharge all areas of the photoconductive layer 16’
directly opposite transparent areas of the screen 13' (see
FIG. 3) thereby forming a plurality of very small
charge islands on the photoconductive layer 16'. The
amount of exposure used to form these charge islands is
varied according to & variety of factors including the
nature of the photoconductive layer, type of developer,
and mode of development.

Logic and Control Unit (LCU)

Programming of a number of commercisily available
microprocessors such as INTEL mod:1 8080 or model
8083 microprocessor (which along with others can be
used in accordance with the invention), is a conven-
tional skill well understood in the art. This disclosure is
written to enable a programmer having ordinary skill in
the art to produce an appropriate control program for
the microprocessor. The particular details of any such
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program would, of course, depend on the architecture
of the designated microprocessor.

Tuming now to FIG. 2, a block diagram of logic and
control unit (LCU) 31 is shown which interfaces with
the copier 1 and the feeder 51. Leads 144 from feeder 51
provide inputs to and receive outputs from LCU 31 to
synchronize the operation of the feeder. The LCU 31
consists of temporary data storage memory 32, central
processing unit 33, timing and cycle control unit 34, and
stored program control 36. Data input and output is
performed sequentially under program control. Input
data are applied either through input signal buffer 40 to
a processor 42 or to interrupt signal processor 44. The
input signals are derived from various switches, sensors,
and analog-to-digital converters. The output data and
control signals are applied to storage latches 46 which
provide input to suitable output drivers 48, directly
coupled to leads. These leads are connected to the work
stations and to a copy sheet registration feeding me-
chansim 22. Interrupt signals are provided by copy
buttons 73, 74, 75, 76, 78, and 80 shown in more detail in
FIG. 4. Information representing a particular set of a
matrix array is designated by exposure knob 70 and
contrast knob 72 which provide inputs to buffers 40 via
their respective analog/digital converters (not shown).
For convenience of illustration, a copier keyboard 35 is
shown connected to the interrupt signal processor 44.
This keyboard 35 can conveniently be located on the
operator control panel, and all its buttons provide inputs
into LCU 31. In response to an input from the starred
(*) button, the LCU 31 controls the solenoid 140° which
positions the sheet diverter 140 as will be described
shortly.

Returning now to the microprocessor, stored in mem-
ory is a matrix array such as shown in FIG. 11 of the
above-identified Fiske et al patent application. This
matrix is in a digitized format, located in stored pro-
gram control 36, provided by one or more conventional
Read Only Memories (ROM). The ROM contains oper-
ational programs in the form of binary words corre-
sponding to instructions and values. These programs are
permanently stored in the ROM and cannot be altered
by the computer operation,

The temporary storage memory 32 may be conve-
niently provided by a conventional, Read/Write mem-
ory or Random Access Memory (RAM).

The copier operating set-up procedure for operating
apparatus in accordance with the invention will be de-
scribed later under the section entitled: SET-UP.

Contrast and Exposure Control (Vo, Eo and Vp)

For a detailed explanation of the theory of copier
contrast and exposure control by controlling Vo, Eo,
and V 3, reference may be made to the following article:
Paxton, Electrophotographic Systems Solid Area Re-
sponse Model, 22 Photographic Science and Engineer-
ing 150 (May/June 1978), To facilitate understanding,
the following terms are defined:

V g=Development station electrode bias.

VomInitial voitage (relative to ground) on the photo-
conductor just after tha charger 17.

E=Actual exposure of piiotoconductor. (Light pro-
duced by the flash lamps (Eo) is reflected off of a
portion of a document having a partcular density
Din onto the photoconductor and causes a particular
level of exposure E of the photoconductor.

Contrast and density control is achieved by the choice

of the levels of Vo, Eo, and V 3. An operator, by adjust-
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8
ing knobs 70 and 72, can designate copier process pa-
rameters which define contrast and density for a copy
of a particular document sheet. The operation is de-
scribed in detail in the above-identified Fiske et al pa-
tent application.

Operator Controls

In FIG. 4, the operator controls include two rotary
knobs, exposure knob 70 and contrast knob 72, the half-
tone button 73, the special print copy button 74, and the
page select button 75. These controls are in addition to
the normal, darken and lighten copy buttons 76, 78, and
80 usually found on copiers. Both knobs 70 and 72 have
nine discrete positions. The two control knobs 70 and 72
correspond to eighty-one sets of copier process parame-
ters which in turn correspond to different Din/Dout
response curves. The first knob 70 functions as an expo-
sure control and translates the breakpoint of the Din/D-
out curve.

To activate the screen 13°, an operator first depresses
half-tone button 73. Thereafter he depresses the special
print button 74. The depression of button 74 also causes
the copy to be produced in accordance with the Eo, Vo
and Vp ;onditions specified by the knobs 70 and 72. In
their ,espective positions 0.23 and 1.0, (normal copy)
shown in FIG. 4, they are set to establish a set of copier
process parameters (Vo, V3, Eo) which condition the
copier to produce a copy having acceptable contrast
and density for a given document sheet. The knobs 70
and 72 can be adjusted to change the copy contrast and
density whether or not it is desired to activate the
screen 13,

If one of the normal, darken or lighten copy button is
depressed, the computer ignores positions of the knobs
70 and 72, and a Din/Dout response curve correspond-
ing to the normal, darken or lighten copy button desig-
nated will be produced. By means of this arrangement,
a casual operator can choose to make copies by the
conventional normal, darken or lighten copy button
selection method.

Set-Up

In operation, an operator depresses the starred (*)
button, F1G. 2. This button calls up a special program in
stored program control 36 (or operating the recirculat-
ing feeder 51 and the positioner 86 to feed document
sheets to the tray 92. This program conditions the LCU
31 to drive positioner rollers 111 and energizes the sole-
noid 140’ which positions the diverter 140 in the FIG. §
position. The feeder apparatus is now conditioned to
operation in its third mode of operation.

In accordance with the procedure of this program, if
an operator determines that the copy process parame-
ters (Vo, VB, Eo) established when control knobs 70
and 72 are at normal copy positions 23 and 30 respec-
tively, will condition the copier to produce a copy of a
document sheet which has acceptable contrast and den-
sity, then this document sheet is directly delivered to
the tray 92. However, if the operator determines that
these process parameters must be changed for an ac-
ceptable copy to be made, the document sheet is
stopped at the cxposure platen 2 and a number of copies
made until a proof copy of acceptable contrast and
density is made. For sake of illustration, let us assume
the last document sheet of a document will make an
acceptable copy with a Din/Dout curve corresponding
to the normal copy positions of knobs 70 and 72. The
operator feeds this last document sheet from the multi-
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sheet document onto the tray 200 into the rollers 111.
The sheet is delivered past switch 67' which produces
an input signal to the LCU 31 which keeps a cumulative
count of the number of such signals in memory 32. The
sheet is delivered past the platen 2 along paths 134, 154
into the tray 92. Let us now assume that the operator
determines that the very next document sheet needs
special contrast and density adjustments. Before he
feeds the document sheet, he depresses button 75, which
causes the block 60 to move into a blocking position.
The operator then feeds the document sheet into rollers
111 which deliver it to the platen 2. In response to the
document sheet being delivered past switch 67, the
cumulative count is incremented. The operator then
adjusts knobs 70 and 72 and makes copies of the docu-
ment sheet by depressing button 74. If the document
sheet is, for example, a photograph, he would decide
that the half tone screen 13° should be activated. To
activate the screen, he depresses button 73. A copy is
now made by depressing button 74. Let us assume, in
this example, the screen improves the contrast but the
copy still has some objectionable background; he then
further adjusts knobs 70 and 72, depresses button 73 and
depresses button 74 making another copy. Assuming
now that this proof copy has acceptable contrast and
density, the operator depresses the button 75. In re-
sponse to this button being depressed, the LCU 31 en-
ters into temporary memory 32 all the processing pa-
rameter information, i.e., activate screen, and the posi-
tion (selected by knobs 70 and 72) in the matrix array
corresponding to desired Vo, Eo, und V gvalues and the
numbered position of this docuwaent sheet in the docu-
ment. The LCU 31 then remioves the gates 60 from its
blocking position and the docurnent sheet is delivered to
the tray 92. The above process is repeated for each
sheet of the document. Finally, when all of the docu-
ment sheets are in the tray 92, the operator depresses the
* button and the LCU 31 recognizes that all the docu-
ment sheets are in the tray 92,

The copier is now ready for a production run. The
special program in memory is structured so that when
the print button 74 is depressed, the recirculating feeder
and copier operate to produce a production run of col-
lated copies of the multi-sheet document with copies
corresponding to each document sheet needing contrast
and density adjustments being in accordance with the
stored parameters in memory and the remaining copies
having normal contrast and density. Commonly as-
signed U.S. Pat. No. 4,294,536 discloses the operation of
a recirculating feeder 51 and a copier controlled by a
logic and coatrol unit to make such a production rua.
The recirculating feeder operation will be briefly re.
viewed. The feeder 51 enables the copier to make either
collated or non-collated copy sets in & production run.
[n the feeder, there is a sensor 67, a microswitch, which
is disposed adjacent to feed rollers 102 located near the
tray 92 which receives the document stack. When a
document sheet passes this position, the switch 67 is
closed and appies a signal to the LCU 31, After a sheet
is delivered by the rollers 102 to the exposure platen, it
is stopped by block 60 and flash exposed by lamps 3 and
4, Thereaiter, it is returned to the top of the document
stack. The signal provided by switch 67 is provided as
an input to the LCU 31 which counts and provides an
input to the temporary memory 32 which stores a cu-
mulative total count. For a document sheet which re-
quires a Din/Dout curve corresponding to the normal
copy pattern of the knobs 70 and 72, the LCU 31 adjusts
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Vo, Eo, and Vg as disclosed in accordance with the
“normal” values. When a particular sheet, which has
copier processing parameter information corresponding
to it stored in temporary memory 32, passes by the
switch 67, the LCU 31 activates the screen 13° by ener-
gizing lamps 83 and/or makes adjustments to vary other
copier process parameters. Such other adjustment can
be the voltage Vo, the copier exposure Eo, and the
development station electrical bias V5 as disclosed in
the above-identified Fiske et al patent application. The
document sheet is then exposed and returned to the
stack. The LCU 31 then adjusts the copier, returning it
to a normal copy making mode of operation. The docu-
ment sheet feeding and copying process is repeated until
all such sheets are copied, the desired number of times.
The invention has been described with particular
reference to a preferred embodiment thereof, but it will
be understood that variations and modifications can be
effected within the spirit and scope of the invention.
What is claimed:
1. Apparatus including a copier having an exposure
station and a feeder for feeding a multi-sheet document
one sheet at a time from a stack in the feeder to the
exposure station to enable said copier to produce copies
of the document; said apparatus comprising:
control means for establishing a set of copy process
parameters which condition said copier to produce
a copy having acceptable contrast and density for
any document sheet which exhibits contrast and
density encompassed within a predetermined range
of contrast and density, and these document sheets
hereinafter being referred to as document sheets of
the first kind;
means for adjusting said control means to establish a
different set of parameters for each document sheet
exhibiting contrast and density outside of such
range, and these docunient sheets hereinafter being
referred to as document sheets of the second kind,
to condition said copier to produce a proof copy
thereof which has acceptable contrast and density;

transport means for feeding seriatim to said stack
document sheets of the first and second kinds,
which document sheets are intermixed in said doc-
ument, said transport means including means for
presenting for exposure at said exposure station
prior to movement to said stack, each document
sheet of the second kind for the purpose of produc-
ing said proof copy thereof and means for feeding
document sheets of the first kind to the stack with-
out presenting for exposure at said exposure station
document sheets of the first kind;

memory means coupled to said adjusting means and

to said transport means for storing information
which identifies the sequential positions of and the
established sets of parameters for the document
sheets of a document for which said copier was
conditioned to make proof copies; and

logic and control means operatively associated with

said memory means for operating said feeder and
said copier and for controlling said adjusting means
so that said copier produces copies of the multi.
sheet document having acceptable contrast and
density.

2. Apparatus including a copier having an exposure
platen and a recirculating feeder for feeding and refeed-
ing a multi-sheet document one sheet at a time from a
stack in the feeder to the exposure platen and then back
to the stack to enable said copier to produce a plurality



Re. 32,611

11

of copy sets of the document; said apparatus compris-
Ing:

control means for establishing a set of copy process
parameters which condition said copier to produce
a copy having acceptable contrast and density for
any document sheet which exhibits contrast and
density encompassed within a predetermined range
of contrast and density;

transport means for feeding document sheets seriatim
from an input station to said exposure platen and
then to the stack in said recirculating feeder and for
stopping a document sheet at said exposure platen
which has contrast and density outside said range
prior to feeding it to the stack without similarly
stopping a document sheet which exhibits contrast
and density encompassed within the predetermined
range;

means for adjusting said control means to establish a
different set of parameters for each document sheet
exhibiting contrast and density outside of such
range to condition said copier to produce a proof
copy of each such stopped document sheet which
proof copy has acceptable contrast and density;

memory means coupled to said adjusting means, and
to said transport means for storing information
which identifies the sequential positions and the
established sets of parameters for the document
sheets for which said copier was conditioned to
make proof copies; and

logic and control means operatively associated with
said memory means for operating said recirculating
feeder and said copier so that said copier produces
copy sets of the multi-sheet document having ac-
ceptable contrast and density.

3. The invention as set forth in claim 2 wherein said
copier includes a chargeable photoconductor, and said
control means includes charging means for varying the
charge voltage Vo applied onto said photoconductor,
an exposure station including means for varying the
copier exposure Eo and a development station having at
least one electrode and bias means for applying bias
voltage V g to said electrode, and said adjusting means
includes means for varying Vo, Eo and V3.

4. Apparatus including a copier having an exposure
platen and a recirculating feeder which receives a multi-
sheet document in a stack which document includes at
least one sheet having a copy characteristic that is sub-
stantially different from other sheets, said recirculating
leeder being effective when operated to sequentially
circulate document sheets from the stack to the copier
exposure platen for copying and then back to the stack,
said copier including adjustable control means for vary-
ing at least one copy process parameter to change copy
contrast and density, the apparatus further comprising:

(a) memory means;

(b) document positioner means for feeding document
sheets seriatim to the stack, said positioner means
stopping said one sheet at said exposure platen
before it is fed to the stack so that said adjustable
control means can be adjusted until a proof copy
having acceptable copy contrast and density is
produced without similarly stopping said other
sheets;

{c) logic and control means coupled to said memory
means for causing such memory means to store
signals corresponding to (i) said copy process pa-
rameter for said one sheet, and (ii) the position of
said one sheet in the multi-sheet document; and
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{d) said logic and control means being responsive
after said positioner means has fed the entire docu-
ment to the stack for operating said recirculating
feeder to sequentially feed the sheets of the multi-
sheet document to said exposure platen for copying
and then back to the stack and for setting said ad-
justable control means prior to copying said one
sheet, whereby said copier produces a copy set of
the multi-sheet document, with each copy sheet
having acceptable contrast and density.

8. The invention as set forth in claim 4 wherein said
copier includes a chargeable photoconductor, and said
adjustable control means includes adjustable charging
means for varying the voltage Vo applied onto said
photoconductor an exposure station incuding adjustable
means for varying the copier exposure Eo and a devel-
opment station having at least one electrode and adjust-
able bias means for applying adjustable bias voltage Vg
to said electrode.

6. The invention as set forth in claim 4 or 5§ wherein
said photoconductor has an integral screen and said
adjustable control means includes exposure producing
means for activating said screen.

7. A method of operating a recirculating feeder hav-
ing a support member, a positioner, and a copier having
an exposure station and a photoconductor t0 make a
production run of a multi-sheet document having docu-
ment sheets arranged in a predetermined order, com-
prising the steps of:

(a) operating said positioner to feed all the document
sheets of the multi-sheet document seriatim to the
support member, presenting those document sheets
at the copier exposure station which have a copy
contrast characteristic substantially different from
other document sheets in said multi-sheet docu-
ment and making a proof copy thereof and deter-
mining copy process parameters for such different
sheets before feeding them to the support member,
and feeding said other document sheets from said
positioner to said support member without making
a proof copy of said other document sheets;

(b) operating said recirculating feeder to automati-
cally circulate document sheets seriatim from the
support member to the exposure station of the
copier and forming latent electrostatic images of
such document sheets on image areas of the photo-
conductor and returning such sheets to the support
member;

(c) automatically setting the determined copy process
parameters for such different document sheets
prior to forming latent electrostatic images of
them;

{d) developing said latent electrostatic images; and

(e) transferring such developed images to image re-
ceiving mediums such as copy sheets.

8. The method of claim 7 wherein said photoconduc-

tor includes a screen and further including the step of:

() exposing said photoconductor before, during, or
after forming one of said images which corre-
sponds to a different document sheet to activate
said screen.

9. Apparatus including a copier having an exposure
platen and feeder means including a support for receiving
a multi-sheet document in a stack, which document in-
cludes at least one sheet having a special requirement, said
Jfeeder means being effective when operated to sequentially
advance document sheets from the stack to the copier expo-
sure platen for copying during a production run, said copier
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including adjustable control means for varying at least one
process parameter (o accommodate the special requirement
Jor said at least one sheet, the apparatus further compris-
ing:

(@) first means for feeding, during a set-up mode, docu-
ment sheets seriatim 1o form a stack and in response 10
said feeding generaring signals representing a respec-
tive cumulative count of the position of said one sheet
being fed into the stack:

(b) means for inputting, during said set-up mode, adfust-
ments (0 a process parameter associated with the re-
quirement for said one sheet when said count corre-
sponds to the position of the said one sheet in the stack;
and

(¢) logic and control means for operating said feeder
means and said copier to sequentially feed and count
the sheets of the multi-sheet document fed to said
expasure platen during said production run for copy-

ing and for setting said adjustable control means for 2

copying of said one sheet, whereby said copier pro-
duces a copy set of the multi-sheet document with an
adfustment made for the special requirement of the at
least one sheer.

1Q. The appararus of claim 9 and wherein the feeder
means is a recirculating feeder for feeding and refeeding
during the production run a multi-sheet document one
sheer at a time from the siack lo the exposure platen and
then back to the stack to enable said copier to produce a
plurality of copy sets of the multi-sheet document.

11, Apparatus including a copier having an exposure
platen and a recirculaiing feeder means for feeding and
refeeding during a production run a multi-sheet document
one sheet i a time from a stack in the feeder to the expo-
sure platen and then back 1o the stack 1o enable said copier
to produce a plurality of copy sets of the multi-sheet docu-
ment; the apparatus further comprising:

adfustable control means for establishing a set of copier

process parameters which condition said copier io
produce said copy sets;

transport means for feeding during a set-up mode docu-

ment sheets seriatim (o the stack in said recirculating
feeder and for stopping at least one document sheet at
said expasure platen; said at least one document sheet
having a special requirement;

signal means responsive to the feeding by said iransport

means for generating during the set-up mode signals
representing a respective cumulative count of the posi-
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tion in the stack of the at least one document sheet
having the special requirement;

adjusting means for inputting during said set-up mode
adjustments o said adjustable control means o estab-
lish a different set of process parameters for copying of
said at least one document sheet;

memory means coupled to said adjusting means and to
said signal means for storing information which iden-
tifies the sequential position and the different set of
process parameters for said at feast one document
sheet; and

logic and control means for operating said recirculating
JSeeder means and said copier to sequentially feed and
count the sheets of the multi-sheet document fed to
said exposure platen during said production run for
copying and for serting said adjusiable control means
Jor copying of said at least one sheet, whereby said
copier produces a copy set of the multi-sheet document
with an adjustment made for the special requirement
of the said at least one sheet.

12. The apparatus of claim !l and including a docu-
ment positioner means for inputting document sheets seria-
tim o the stack in the recirculating feeder.

13. A method of operating a copier having an exposure
platen and a feeder for receiving a multi-sheet document in
a stack, which document includes at least one sheet having
a special requirement, the method comprising the steps of:

(a) feeding, during a set-up mode, document sheers
seriatium to form a stack and in response to said
Seeding automatically generating signais representing
a respective cumulative count of the position of said
one sheet being fed into the stack:

(b) inpurting, during said set-up mode, adjustments 1o a
process parameter associated with the requirement for
said one sheet when said count corresponds to the
position of the said one sheet in the siack: and

(c) operating said feeder and said copier 10 sequentiolly
Jeed and count the sheets of the multi-sheet document
to said exposure platen during a production run for
copying and for automatically setting a process pa-
rameter for copying of said one sheet so as to produce
a copy set of the multi-sheet document with an adjus:-
ment made for the special requirement of the at least
one sheet.

14. The method according to claim 13 and wherein the

Jfeeder is a recirculating feeder and circulates sheets seria-

tim from a support member to the exposure platen and

returns such sheets to the support member.
[ ] L] L [ ] L]



