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FIG. 2

(57) Abstract: In one example a method is disclosed for printing duplex images. The method includes printing an image on side A
of media, including an alignment mark. Detecting the alignment mark with a sensor. The velocity of the media is determined when
the alignment mark is detected. Printing an image on side B of the media where the location of the image on side B is dependent on
the velocity of the media. In another example a printer is disclosed that uses the method to print duplex images.
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DUPLEX PRINTING

BACKGROUND

{0001} {ukjet printers are prinfers that gject printing luids onto media from a
plurality of nozzles of one or more printheads. The printheads can be thermal inkjet
printhead, piezo eleciric printhead or the ke, Printing fhuid is any fluid deposited onto
media to areate an image, for example a pre-conditioner, gloss, a curing agent, colored
inks, grey ink, black ok, metallic ink, optionizers and the hke. Inkjet inks can be water
hased inks, solvent based tnks or the ike. Laserket printers are printers that deposit tongr
onto media. Once the toner is deposited onto the media the tonor 1s heated 1o fuse the

foner to the media.

{0002} Both types of printers may print on a single side of a page (simplex
priting) or on both sides of the page {duplex printing). On a duplex page the images are
typically aligned between the two sides of the page. When the image o the first side of
the page 15 miss-aligned with the tmage on the second side of the page, the fmage or text
will appear to jump up and down or side to side when the pages in & document are flipped
back and forth. In addition, if the printer uses a roll of media, miss-alignment between

the two sides may cause waste when the roll 15 cut into sheets,

BRIEF DESCRIFTION OF THE DRAWINGS

{0003} F1GL T s a block dragram of an exanple pringer 102,

{004 FIG. 2 is a schematic view of an example printer 202

{0005] FIG. 3 isa Bow chart for an example shignment calibration process.
{0006} FIG. 4 s a Bow chart for prinling duplex pages m one example.
{00071 FIG. 5 is a Bow chart for printing duplex pages i another example.

{0008} FIG, 6 s a block diagram illustrating an example computing device.
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DETAILED DESCRIPTION
{0009} Many printers can print on a single side of a page (simplex printing) or on

botl sides of the page {duplex printing). Some printers only have one print enging and
move the media past the print engine twice while duplex printing. During the first pass
ann image is deposiied onto the first side of the media. During the second pass an image 18
deposited onto the second side of the media, Other printers have two print engines and
use the first print engine to deposi unages on the first side of the media and the second

i engine o deposit images on the second side of the media.

{0010 A print engine 1s defined as any device that can deposit marking material
onte media, for example an nkjel print engine, a Laserdet print engine or the ke
Marking material 15 any substance that can create an image on media, for example
printing fluid or toner. Panting fluid is any fluid deposited onto media o create an
tmage, for example a pre~-conditioner, gloss, a curing agent, colored inks, grey ink, hlack

ik, metathic ink, optimizers and the like,

{04 1 Printers may use sheets of media or may use rolls of media, Printers that
use rolls of media typieally have two print engines for duplex printing. The first print
engine is used to pravt on the first side of the media. The second print engine is
downstream from the Hest print engine and 15 used when printing on the second side of
the media (Lo doplex printing). Downstream is defined as the direction the media travels

during printing.

{0012} One way current printers glign the images on the two sides of the media is
using an alignment mark, typically a top of form {TOFY mark. The TOF mark 18 printed
at the beginning of cach frame or page oa the {irst side of the media using the first print
engine. A sensor between the first print cugine and the second print engine detects the
TOF mark on the first side of the media. The sensor is located a predetermined distance
from the second print engine, The sensor determines the position of the mark on the
media. The paper transport system keeps track of the distance the media travels in the

paper path of the prinfer. Using the disfance the media travels and the position of the
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mark on the maedia, the second print engine can be set to start printing the dupley fmage

when the first irsage should be focated ghove the second print enging.

j00 134 Unfortunately manulacturing tolerances for the sensor and pant engine
locations, as well ay delays in the electronics, mtroduce errors in the svstem.  These

types of errors can be corrected by using a calibration process for cach primex‘, Dunng
the calibration process, 4 special pattern is printed on both sides of the media at a given
printing speed (.o, the calibration speed). An swtomated vision system or an operator
measares the miss-ahignment bebween the two patterns. The miss-ahgnment between the
two patterns is equal to an aligoment offSet. This alignment offset is entered into the
printer and the printer uses it o move the image printed by the second print engme into

alignment with the image printed on the first side of the media.

{014 Unfortunately the offset only works for the speed the printer was using
dunng the cabibration process. When the printer changes speed, g new calibration may be
needed. In some cases a prinfer will run the calibration proceduore at a number of
different printing speeds and save the results. The printer will use the saved alignment
offsef closest to the current printing speed when printing duplex pages. When the printer
15 using an alignment offset from a speed that does not match the current printing speed,
there will be some miss-ahignment between the images on the first side of the media and

tmages on the second side of the media.

{0 5] Calibrating the printer at a number of different speeds takes thve and uses
medig. The calibration shgnment offsels are also enly completely accurate at the speed
the printer was operating at during the calibration process {i.e. the calibration speed).

The calibration offsets are also not helpful when the printer speed 1s “on-the-ramp™.
When a printer 1s accelerating up to @ printing speed or decelerating down from a printing

speed the printer’s speed is known as “on-the-ramp”.

{016} Printers take tine to reach a given printing speed. Currently printers do not
print while the speed is on-the-ramp, they watt uniil the printer has reached the correct
speed before heginning to print duplex pages. A printer can waste between 10 and 100
meters of media when accelerating up o @ printing speoed or decelerating down from a

printing speed. For example, the amount of paper saved if the printer starts printing on
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the ramp at 200 feet per minute (fpm} instead of waiting antil the printer reaches a Hinal
printing speed of 8O0 fpm 18 50 meters, assuning an acceleration of 6 inches/per second

squared.

{0017} In one example, a printer will position the location of the duplex image on
the second side of the media nsing the instantaneous veloctty of the paper when the TOF
mark is detecied. By using the speed of the media at a given mstance m lime, the duplex
image can be aligned with the image on the first side of the media at any given printing

speed, including “on-the-ramp™ speeds,

jOU18] Figare 1 s a block dragram of an example printer 102, Printer 102
comprises a media transport system (MTS) 104, a first print engine 108, a second primt
engine 112, a sensor 110 and an ahgonment module 114, The MTS i defined as the
mechanism that moves medig through the prnter. The MTS inclodes encoder 106, The
MTS may also include: inpat trays, output trays, input spindles, output spindles, one or
more sets of pinch rollers, one or more sets of take-up rollers, motors, gears and the like,

but these ems are oot shown for clarity,

{11 9 Encoder 106 is osed o determine the position and velocity of media in the
MTS. o some examples encoder may be a rotary encoder coupled to a pinch roller or the
like., As the miedia moves between the set of pinch rollers, the cncoder retates and the
amount of rotation is proportional o the distance the media moved w the media path.
The rate of rotation is proportional to the velocity of the media trough the media path.

A media path s the path the media {akes as it moves through the prater.

{0020} The first and second print engines may be any tvpe of print enging, for
example a LaserJet print engine, an inkjel print engine or the ke, The first print engine
is tocated at a first position in the media path i the MTS. The first print engine 18
positioned to print onto the first side of the media (typically called side A). The second
print engine is positioned in the media path downstream from the first print engine. The
direction the media travels during printing 15 defined as the downstream direction. The
second print enging 1s positioned to print onto the second side of the miedia (the duplex

side, typically called side Bl
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jO021] The sensor 110 s located i the media path between the first and second
print engines. The sensor 15 posilioned to view the first side of the media (side A). The
sensor 18 used to deteet an alignment mark printed by the first print engine. Typically the

abignment mark is a Top-of-Form (TOF) mark prinied at the start of & frame or page.

{0022} The alignment modale is coupled o the encader 106, the first and second
print engines and sensor L In some examples, ahgnment module may be implemented
i hardware, software including fomware, or combinations thereof, For example the
fOrovware may be stored in memory and execuied by a suitable instruction execution
systora, 1 implemented in bardware, as an alternate exampie, the alignment module may
be implemenied with any combination of technologies, for example discrete-logic
cirenits, application specific integrated circuiis (ASIC), programmable gate arrays
{PGAs), field programimable gate arrays (FPUGAS)Y or the ke, In some examples the
ahignraent module 114 may be implemented m s comnbination of software and data,

excented and stored under the control of a compating devige.

{0023} Figure 2 i3 a schematic view of an example printer. For example the
prister of figure 1. Ponter 202 comprises an input umwinder 220, a pair of pinch rollers
224, a first print engine 208, a sensor 212, a second print engme 210, a pair of take-up
roflers 226 and an encoder 206, In this example the media ransport system {IMTR) uses a
coptinuous rafl of media 222 mounted onto input spindle 220, In other examples the
prister may use sheots of media instead of a continuous rolf of media 222, A media path
starts at the input spindle 220, goes between the pair of pinch roflers 224, underaeath the
first print engioe 208 and the sensar 212, sbove the second print engine 210, and then

hetween the pair of take-up rollers.

j0024} The encoder 206 s coupled to the pair of fake-up rollers 226 and iis
rotation s proportional to the distance the media travels between the pair of take-up
rollors 226, The rate of rolation of the encoder is proportional to the velooity of the

media in the media path. The media moves in the direction of arrow 228 during printing.
The dircction the media moves daring printing is also known as the downstream
direction. Therefore the sensor 212 and the second print engine are downstream from the

first print engine 208, The second print engine 210 13 downstream from the sensor by
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distance 4. The distancs d is equivalent o a given number of enceder counts i encoder
206.

j0B25] A printer can be calibrated at a single printing speed {o align the duplex
mage with the simplex image using only the location of the alighment mark by
measuring the aligoment offset between two patterns printed by the two print engines.
The alignment offse! bebween the two patterns is caused by two different types of errors:
grrors due to & delay thime and errors dug 1o a delay in space. The time deluyvs have an
effect on where the drops land on the paper depending on the media speed, while the

space delays have g constant offsct on drop placement on medig, regardiess of the media

speed.
{0026} Errors that add a delay in space cause miss-ahignments that are independent

of the speed of the media. One example i3 the variation in the focation of the sensor 212
with respect {o the location of the second print engine 210 (1. distance d} doe ©
manafacturing tolerances, Different distances d cause a different number of encoder
counts between the time the alignment mark s detected and when the simplex image
reaches the duplex print engine. Avother example of an error 1o space delay is related ©
when the printheads fire the drops from a particalar colomn of noxzles. The printheads
fire the drops for one particular colums when the data for the next column is received
which ix at the next encoder count. That infroduces a delay equal to 1 encoder count or |
column distance on paper (1600 inches when printing at 600 dpi}, regardless of the

media speed.

{0274 Ervors that add delays in time cause miss-alignments that are dependent on
the media speeddvelocity. One example of a time delay is the response time of the sensor,
In one example, the response delay of the TOF sensor is 50 ps, regardless of the media
specd. B takes 50 ps for the sensor to foggle Hs onipot after H bas defected the TOF
mark. Althouogh that delay is constant and independent of the media speed, during those
30 ps, the paper advances more or less depending on s speed. Ancther example of a
time delay is the drop fly time. The drop By time 18 the time it takes for the mk drops to

tand on the paper once they are giected.
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jB028} The total alignment offset detected by the vision svstem during a
calibrajion s equivalent to the amoant of media that goes by the duplex print engine
during the time botween when the sensor defects the alignment mark 8 when the
simplex image reaches the duplex print engine. The alignment offset is a combination of
both the time delays and the space delays. This alignment offset can be expressed by the

following formuola using the two error types:

Ot = Ve X1, +d, Hquation |
Where:
- Qe 15 the ahignment offset defecied by the vision system {or measured by the
operator}

- vew 19 the media speedfprint speed during the calibration process

- T, is the accamulated time delay ervor.

- de 18 the accomulated distance ervor for all the encoder or space delay sources
{independent of the paper speed)

The time delay error may comprise the following error sources:

TOF sensor output delay: for example 50 us

o The chain of clectronic boards, cables and fiber eplics sending the TOF
signal from the sensor to the image processing elecironics: for example
between 10 and 200 gs.

o The prnd data travelling from the image processing clectronies o the
printbars: for example .5 us for a 100 mlong FO frunk.

o The priathar clectronies: for example a few microseconds

o Brop fly time: for example 75 ps

I

As explained before, these time delays are independent of the media speed but their effect

on regisiration does depend on the media speed.
The space delay error may comprise the followmng error sources:

» o The TOF sensor Hight spot has o be fully mside the mark to detected i
approx. (.5 mm

The image processing clectronics g coaple of encader counts

o Print head: § encoder count

'S

G
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o The distance d between the senser and the print engine inchuding any
mechanical orrors mounting the TOV sensor and the print engine in
encoder counts.

{04291 i one example, the printer will position the location of the duplex smage
on the second side of the media using the instanianeous velocily of the media when the
ahignment mark is detected, By using the velocity of the media &t g given instance i
jime, the duplex image can be aligned with the image on the first side of the media al any
given printing speed, inclading “on-the-ramp” speeds. The alignment module will tatch
the encoder position as well as the mstantancous velocity of the media when the sensor
detects the alignment mark.  Using cguation | the alignment offSef Oy can be

determined for any given speed, wcloding “on-the-ramp” speeds.

{030 The two constants it equation 1,

» and d,, may be different for each
printer and can be deterniined during an alignment calibration process.  Figure 3 is a
flow chart for anp example abgnment calibration process. Al block 332 an alignment
pattern witl be printed on both sides of the media at a first printing/media speed. At
block 334 g first ofiset between the first and second images will be measured,  The oflset
can be measured using an automated vision system or & human operator. At block 336 a

second set of alignment patterns will be printed on side A and side B of the medig al a

second printing/media spse(‘}. At block 338 a second offse sen the first and second
tmages will be measured. At block 340 the tme delay error T, and the space delay error

d. will be caleulated nsing the first and second offsets and the irst and sceond print

speeds. The time delay ervor T, and the space delay error d, can be calenlated as

follows:
T = G‘ ast Os!aw
T e
Viast = Valow
do = Opggr = Vee X Ty
jOB31} In one example the first printing/media spead will be a fast printing/media

speed { Vi) and the second printing/media speed will be slow {Vaow). 10 one example
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the fast printing speed may be the maxunwm printing speed for the printer and the slow
printing speed may be the minimu prinfing speed for the printer, In some examples the
maximum print speed may be between 700 and 1,000 feet per minute (Tpm), for example
800 fpm. o some examples the mindmum print speed may be between 50 and 350 fpm,
for example 200 fpm. In some examples the printer will priot at the two different pring
speeds during the alignment calibration process without bring the printer o a full stop

hejween the two speeds.

j0032} Equation 1 can be nsed at any print speed o determine the correct
alignment offset to use 1o align the duplex image to the simplex image. Figure 4 is a flow
chart for printing a duplex Iimage i one example. At block 442 an image, inchuding an
atignment mark, s printed on side A of the media. At block 444 a check s made o
detenmine o the alignment mark has been detected by the senser. If the alignment mark
has not been detected, How returns to block 444, When the alignment mark is detected
flow continues at block 446, Ad block 446 the position of the alignment mark and
velocity of the media is determined and latchedistored. At block 448 the image is printed
onto side B of the media where the location of the image is based on the velocity of the
maedia. In this example, equation 1 is used to determine the correct alignment offset for
cach frame/page when the velocity of the media ts constant and when the velocity of the

media is changing.

{133} In another example, when the printmedia speed 15 a constant, equation |
witl be used one time o determine the correet alignment offset when printing the first
frame. The determined alignment offset will then be re-used for cach frame as long as
the printing/media speed ramains constant. When printing “on-the-ramp™ a new
alignment offset is caleulated for cach rame/page being printed. Once the target printing
speed 1s reached the same alignment offset can be re-used. Figure § s a flow chart for
printing duplex pages in apothber example. At block 352 the printer starts accelerating the
media, At block 554 a check 1s made to determing Hthe media has reached the minimum
printing speed. n some examples the printer may be able to print at any speed above
zero, I other example the printer may only be able to print once the media has reached a

minimum speed, for example 200 thm.
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j0034] It the media has not reached the mintmum printing speed, flow loops back
{0 block 354, When the media has reached the mintmum printing speed flow continugs in
block 386 At block 536 an mmage, includimg an alignment mark, s printed on side A of
the media, At block 358 g check s made o see if the alignment mark has been detected
by the sensor. It the alignment mark has not been detected, low returns to block S8K.

When the alipnment mark has been detected, flow continues in block 360,

jOB35] At bloek 560 the position of the alignment mark and the media velocity are
defermined. At block 562 g check 1s made to determine if the current media velocity has
changed from the last time 1 was saved. When the media velocity has changed flow
continucs af block 564, A change in media velogity can be a change of velocity above
some threshold velocity, In some examples the velocity threshold may be in the range
hetween 0.1 Teet per second (s and 10 Tps, for example 1 ips. In other examples the
velooity threshold may be lower or higher. At block 564 a new ah gﬂmm}t offsets
calculated, for example ustng equation |, using the current media velocity. The new
alignment offset and current medin velocity/speed are stored. Flow then conlinues at
block 366, When the media velocity has net changed in block 362 flow continues at
block 566, At block 366 an image is privted onto side B of the media using the stored

alignment offset.

{0036} Figure 6 i3 a block diagram lustrating a computing device including a
processor and a non-transitory, computer readable storage medium to store instructions to
print dupdex images according to an example. The non-transitory, computer readable
storage medium 674 may be included in a computing device 670 such as a printer to print
duplex images, for example the printer shown in figure 1. The non-transitory, computer
readable storage medium 674 may comprise volatite mamnory, non-volatile memory, and
a storage device, In one example the storage mediom may be memory in the alignment
modude shown in figure 1 Examples of non-volatile storage medivay include, bat are not
Hmited to, electrically erasable programmable read only memory (EEPROM) and read
only memory (ROM). Examples of volatite memory mclude, but are not Himited o, static
random access memoery (SRAM), and dvnamie random aceess memory (DRAM L
Examples of storage devices include, bat are not linited to, hard disk drives, compact

dise drives, digital versatile disc drives, optical drives, and flash memory devices,



WO 2016/073009 PCT/US2014/064711
11

CLAIMS

What is claimed is:

i A printer, comprising

a media transport system (MTR) for moving medig through the printer, the media
trapsport system including an encoder and & media path;

a first print engine for printing on a {first side of the media, the first print engine
positioned at a first locetion i the modia path;

a second print engine for printing on a second side of the media, the second print
engine positioned 1w the media path downstream from the first location;

a sensor positioned botwoen the first and second print engines and positioned to
view the st stde of the mediag

an ahignment module coupled to the sensor, the encoder and the first and second
print engines;

the alignment module to deteet an alignment mark on the first side of the media
asing the sensor and to determine the velocily of the media with the encoder when the
alignment mark s detected;

the alignment modale to print duplex anages onto the media with the second print

engine where the location of the duplex images are based on the velocity of the media.
2. The printer of claim 1, wherein the alignment module uses an alignment offset to
locate the duplex tmages, and the alignment offset 15 caleulated using the velocity of the

media and g time delay error T, and g space delay error d,.

3. The printer of claim 2, wherein the alignment module only recaloulates the

ahignment offsel when the media velocity has changed by more than a threshald velocity,

4. The printer of claim 2, wherein the time delay error T, and the space delay ervor

d, are detormined durmg an alignment calibration process.

S. The printer of claim 4, wherein the alignment calibration process comprises:
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privting a first pattemn on g first side of media and a second patiern on the second
side of the media at a fivst print speed;

measuring a first offset between the first and second patterns;

printing a first patiern on a first side of media and a second patiern on the second
side of the media at o second print speed, different from the first print speed;

measuring a second offset between the first and second patterns

determining delay error T, and the space delay error d, using the Hrst and second

offsets;
storing the o delay error T, and the space delay arror d,.
6. A method of printing, comprising:

printing an image on a first side of media, including an alignment mark, where the
niedia is moving in @ modia path;

detecting the alignment mark on the media with a sensor;

when the alignment mark 18 defected, defermning a velocity of the media moving
m the media path;

pristing an image on a second side of the nedia where the position of the second

tmage 13 based on the velogity of the media,

7. The method of printing of claim 6, wherein the velocity of the media is on-the-
ramp.
&, The method of printing of claim 7, wherem the velocity of the media is

decelerating.

9 The method of claim 6, wherein an alignment offset is nsed to locate the image on
the second side of the media, and the alignment offset is calenlated using the velooity of

the media and a time delay ervor T, and a space delay ervor d,.

1 The method of printng of ¢laim 9, wherein the time delay ervor Te and the space
delay ervor d, are determuned during an alignment calibration process and the alignment

calibration process comprises;
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privting a first pattemn on g first side of media and a second patiern on the second
side of the media at a fivst print speed;

measuring a first offset between the first and second patterns;

printing a first patiern on a fivst side of media and a second pattem on the second
side of the media at o second print speed, different from the first print speed;

measuring a second offset between the first and second patterns;

determining delay error T, and the space delay error d, using the Hrst and second

offsets;

storing the o delay error T, and the space delay arror d,.

HL The method of ¢lamm 9, wherein the ahignment offset s only recalenlated when the

media velocity has changed by more than a threshold veloeity.

12, A method of cahbrating a prigter, comprising:

printing a first patiern on a first side of media and a second pattern on the second
side of the media at a first prind speed;

measuring a first offset between the first and second patterns;

printing a first pattern on a first side of media and a second pattern on the second
stde of the media at a second print speed, different from the first print speed;

measuring a second ofiset between the first and second patterns;

determining a delay ervor T, and a space delay error d, between a sensor and a
duplex printhead using the first and second nifsets;

adjusting the location of an image on the second side of media with respect 1o an

image on the first side of the media using the delay ervor T, and a space delay error d,.

13, The method of calibrating a printer of Claim 12, wherein the first print specd is a

fast print speed and the second print speed s a slow print speed.

14, The method of calibrating a printer of ¢laim 12, wherein the first print speed is a

maximum print speed and the second print speed i3 a minimum prind speed.
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15, The method of calibrating a printer of ¢laim 12, wherein the media does not stop
between when the images are printed at the fivst speed and when the images are printed at

the second speed.
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