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(57) Abstract: A mobile printing system including a handheld printing device including at least two navigation sensors, a transmit -
ter, a processor, and a print nozzle, and a distance sensing module including at least two distance sensors, the distance sensing mod -
ule to be mountable to a print media at a distance from the handheld printing device, the distance sensing module to sense positional
data of the handheld printing device, wherein the processor determines current, past, and anticipated positions of the handheld print -
ing device based on positional data information received from the distance sensing module and navigation information received from
the at least two navigation sensors and controls the handheld printing device to cause print fluid to be dispensed according to a print
request and the anticipated positions of the handheld printing device.
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MOBILE PRINTING

Background

[0001] Imaging devices and, more particularly, image printing systems and
methods often include printheads having a fixed travel pattern, such as a
desktop printer. For example, a printing process using inkjet technology
typically involves moving an inkjet cartridge horizontally along a vertically
moving print medium, such as a sheet of paper, and sequentially depositing ink
by ejecting ink onto the paper to form an image. Stand-alone printers, whether
ink-jet printers or laser jet, typically feed the print medium into the printer,
dictating the size of the printer and the type of print medium that can be printed
on. The increasing use of portable electronic devices such as cellular phones,
tablets, and other handheld computing and other image capturing devices has
provided greater demand for mobile printers.

Brief Description of the Drawings

[0002] Figure 1 is a block diagram illustrating an example mobile printing system
in accordance with aspects of the present disclosure.

[0003] Figure 2 is a block diagram illustrating an example mobile printing device
useful in a mobile printing system in accordance with aspects of the present
disclosure.

[0004] Figure 3 is a block diagram illustrating an example distance sensor useful
in @ mobile printing system in accordance with aspects of the present
disclosure.

[0005] Figure 4 is a diagrammatic illustration of a mobile printing system on a
print media in accordance with aspects of the present disclosure.

[0006] Figure 5 is a flow diagram of a method of mobile printing in accordance

with aspects of the present disclosure.
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Detailed Description

[0007] In the following detailed description, reference is made to the
accompanying drawings which form a part hereof, and in which is shown by way
of illustration, specific examples in which the disclosure may be practiced. Itis
to be understood that other examples may be utilized and structural or logical
changes may be made without departing from the scope of the present
disclosure. The following detailed description, therefore, is not to be taken in a
limiting sense, and the scope of the present disclosure is defined by the
appended claims. It is to be understood that features of the various examples
described herein may be combined, in part or whole, with each other, unless
specifically noted otherwise.

[0008] A handheld portable printer can be used to print images from cell phones,
tablets, and other electronic devices. With the increasing mobility of users
having mobile electronic devices, a compact portable printer provides flexibility
to print when and where a user desires versus having to wait to until they are
able to get to a location with a desktop printer. Printing and motion tracking of
printing devices is typically limited to a two-dimensional surface, often, a
horizontal surface. Mobile handheld printers can often have poor print quality
resulting from difficulty in tracking random movement of the mobile printer on a
surface of the print medium. Further, human motor skills are often not precise
and consistent in speed or movement pattern and are far less precise than
components implemented in desktop printing devices resulting in difficulty in
predicting the future movement of the mobile printer. Particularly, handheld or
otherwise three dimensionally moveable printers can be difficult to accurately
track during the motion of the printer in use and even more difficult to predict
future movement of the printer in order to dispense ink at desired locations. A
time delay between when the location of the print device is identified to when ink
is dispersed onto the print media adds to the issue.

[0009] With reference to an example of a mobile printing system 100 illustrated
in Figure 1, mobile printing system 100 includes a printing device 102 and a
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distance sensing module 104. Printing device 102 is a handheld and hand
operated random movement printing device. Distance sensing module 104 is
separate and distinct from printing device 102. Distance sensing module 104
includes at least two distance sensor receivers 106a, 106b positioned at a
distance D from one another.

[0010] With the above in mind and additional reference to example sensor
module 104 illustrated in Figure 1, distance D between sensor receivers 106a,
106b is a fixed distance. In one example, distance D is 3.0 inches (7.62 cm) to
4.0 inches (10.16 cm), although other distances are also acceptable. Distance
D is fixed as appropriate so to establish a print zone of the desired size while
maintaining a compact and portable size of sensor module 104, as discussed
further below.

[0011] With reference to Figure 2, in addition to sensor receivers 106a, 106D,
sensor module 104 includes a microcontroller 108, a rechargeable battery and
charging circuit 110, and a communication module 112. Microcontroller 108 is a
low power microcontroller, consuming minimal power to extend and maximize
the charged life of rechargeable battery 110. Microcontroller 108 executes
instructions for operation of sensor module 104. Communication module 112
communicates with a communication module 120 of printing device 102 to
transmit positional data detected by sensor receivers 106a, 106b.

[0012] Distance sensor receivers 106a, 106b can be ultrasonic, optical, or
inductive. Distance sensor receivers 106a, 106b are configured to serve as a
reference position and are removably fixed to the print media. Sensor module
104 may be removably coupled to print media using clips, clamps, adhesives, or
any other acceptable attachment means (not shown). Distance sensor
receivers 106a, 106b provide a fixed reference and position points with respect
to the print media. In the case of ultrasonic distance sensor receivers 106a,
106b, for example, at least two distance sensor receivers 106a, 106b are used
to triangulate with a transmitter (see, e.g., Figure 4) included on print device 102
to determine the location/position of print device 102 as discussed in further
detail below.
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[0013] With reference to Figure 1, and additional reference to an example of
printing device 102 illustrated in FIG. 3, printing device 102 includes a distance
sensor transmitter 114, navigation sensors 116a, 116b, and a print nozzle 124.
As illustrated in the example printing device 102 of Figure 3, a processor 118
and a communication module 120 are also included. Communication module
120 communicates with a mobile electronic device, such as a mobile phone,
and sensor module 104. A print request can be initiated from a mobile
application (app) or operating system (OS) of an electronic device. For
example, a mobile application (app) can be downloaded onto the mobile
electronic device to enable of the mobile electronic device (e.g., phone) to
communicate with printing device 102. Communication module 120 receives
image data to be printed from the electronic device, such as a mobile phone. In
one example, communication module 120 is a wireless communication module
such as a radio frequency (RF) module.

[0014] In one example, distance sensor transmitter 114 is used to transmit
ultrasound waves that are received by, or detected, distance sensor receivers
106a, 106b to determine the location of printing device 102. Digital signals of
the inherent information from the ultrasound waves received by distance sensor
receivers 106a, 106b is communicated by communication module 112 to
communication module 120. From these signals, the location of printing device
102 is determined by processor 118. One or more distance sensor transmitters
114 can be used. In one example, printing device 102 includes a rechargeable
battery and charging circuit 122. Other means of powering the device are also
acceptable. In one example, printing device 102 includes an on/off switch (not
shown) that the user can manipulate to operate or shut down printing device
102 as desired. A print cartridge (not shown) is housed within printing device
102. Print cartridge is removable and replaceable. Print cartridge contains a
print material such ink, dye, or other pigment to be dispensed by print nozzles
124.

[0015] The print nozzles 124, or printhead, can include rotating nozzles. In
other words, print nozzles 124 can rotate in a circular or semi-circular motion

when print device 102 is rotated to maintain print nozzle 124 alignment with
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respect to print device 102 movement and print media. Print nozzles 124 can
electro-mechanically align with the print orientation of print device 102 and print
media as print device 102 rotates. In one example, the nozzle pattern is a non-
linear pattern of nozzles 124. In another example, the nozzle 124 pattern in
non-grid like. Nozzles 124 can be offset from one another both in location (i.e.,
X, y axial distances) on the surface of printing device 102 and positioned at
varied angles. As handheld printer 102 provides additional degrees of
movement over a fixed printer wherein the print nozzles move along a
predetermined path, the rotational movement of printing device 102, for
example, makes it difficult to align nozzles 124 with the actual positions where
the particular nozzle 124 is to fire/eject ink.

[0016] In one example, navigation sensors 116a, 116b are high speed optical
navigation sensors. Printing device 102 includes at least two navigation
sensors 116a, 116b. Navigation sensors 116a, 116b are positioned at a
predetermined, fixed distance from one another on printing device 102.
Navigation sensors 116a, 116b transmit/communicate position data, including
rotation, of printing device 102 as it is moved over print media to processor 118.
Processor 118 controls print nozzles 124 to dispense ink or other pigment onto
print media.

[0017] With additional reference to Figure 4, processor 118 can determine the
rotation angle, speed, and acceleration of printing device 102 as it is moved
across a print media 126 from the data detected by each navigation sensor
116a, 116b. Processor 118 can use data signals using the distance data
detected by each receiver 106a, 106b relative to the fixed distance sensor
transmitter 114 to triangulate the absolute position of print device 102 within a
distance sensor detection zone 128. With the combined use of distance
sensing receivers 106a, 106b and navigation sensors 116a, 116b, processor
118 can accurately determine the rotation angle, speed, and acceleration of
print device 102 as a user moves print device 102 within a print zone 130
defined within the borders of print media 126. Also, with the combined use of
distance sensing receivers 106a, 106b and navigation sensors 116a, 116Db, the
absolute position of print device 102 relative to print media 126 can be
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determined. In one example, a sub-millimeter range of accuracy and resolution
of print device 102 can be determined with a location prediction
technique/process. Processor 118 uses techniques to stop and start printing
based on the detected and predicted positional data of print device 102.
Velocity and acceleration data is used to control when to print. For example, if
print device 102 is being moved in a manner that the future movement of print
device 102 is not accurately predictable, nozzles 124 in the printhead will be
stopped from firing printing material. Also, printing device 102 will temporarily
cease depositing printing material onto print media 126 upon sensing printing
device 102 exiting print zone 130. Processor 118 determines the return of
printing device 102 to print zone 130 and/or return of printing device 102 to an
accurately predictable path or prospective movement based on detected
positional information by sensors 106, 116 including the location, rotation,
speed, and acceleration of printing device 102 and causes nozzles 124 to
restart depositing printing material. In this manner, an automatic on/off control
of printing is implemented.

[0018] The techniques implemented by processor 118 stops print device 102
printing during times that are difficult to accurately predict future positions. For
example, when direction of movement or velocity of print device 102 is abruptly
changed or stopped, ejection of ink from nozzles 124 is entirely stopped until a
constant velocity print phase can be resumed and identified. Position tracking
continues, and print device 102 can be repositioned over the area of print media
126 where printing previously stopped, this time at a constant velocity, and
printing is resumed. Printing device 102 can be moved in different directions
across print media 126. In one example, a regular sweeping motion of printing
device 102, for example back-and-forth from left to right, beginning at the top
and moving sequentially to the bottom of the print area can be useful in
establishing a constant velocity. In one example, the movement of print device
102 across the print media is sweeping, similar to using a painter’s brush across
media.

[0019] System 100 provides a process to determine firing of nozzles 124 based

on low acceleration and constant velocity phase of random hand movement of a
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user. With a handheld print device, the user has flexibility to move the device in
various patterns, angles, and device orientations. All print media points that
have been printed are tracked by the navigation and distance sensors 106, 116
and recorded in the memory of processor 118. This provides for the printed
areas to not be reprinted over a second time and become over saturated in the
event that the print device travels over the already printed areas.

[0020] With reference to Figure 4, distance sensing module 104 is configured to
be removably coupled to print media 126. Distance D between distance sensor
receivers 106a, 106b establishes a print zone 130. In other words, the larger
distance D is between distance sensor receivers 106a, 106b, the larger print
zone 130 is and vice versa. Distance sensor module 104 is removably fixed y a
user to print media 126 until printing is complete. Distance sensor module 104
is positioned on print media 126 to generate positional data of printing device
102 across print media 126. Sensor module 104 may be removably coupled to
print media 106 using clips, clamps, adhesives, or any other acceptable
attachment means. Distance sensing module 104 can be positioned directly on
print media 126 within a perimeter boundary or outside of the boundary of print
media 126. Regardless, distance sensor receivers 106a, 106b are positioned in
a fixed relationship to one another. With reference to Figure 4, distance sensor
receivers 106a, 106b establish a distance sensor detection zone 128 in which
print zone 130 is included. Distance sensor detection zone128 can be the same
as print zone 130.

[0021] As mobile printing device 102 is moved or repositioned on print media
126, the position of mobile printing device 102 is processed in real-time based
on navigation sensor 116a, 116b data. Optical navigation sensors 116a, 116b
can have high resolution and fast position reporting rate, however, navigation
sensors 116a, 116b can have a built in 1-2% error that can accumulate through
time, potentially reducing print quality. Periodically, processor 118 reads
distance data from distance sensor receivers 106a, 106b to correct any
cumulative error from navigation sensors 116a, 116b. In one example, data
reporting rate for distance sensor receivers 106a, 106b can be slow to

accommodate and cover fast random movements by a user. Processor 118
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initially reads mobile printing device’s position relative to distance sensor
transmitter 114 as well as zeroing navigation sensors 116a, 116b to an initial
position to utilize the positive aspects of both distance sensor receivers 106a,
106b and navigation sensor 116a, 116b. Hand movements can be erratic and
difficult to predict where the handheld print device will be in elapsed time. The
process of system 100 identifies constant velocity phases, where the movement
is relatively consistent, such as when using a back-and-forth sweeping motion
across the print media, to accurately predict where printing device 102 will be
and fire ink during those phases. Processor 118 receives movement data
indicative of location changes and orientation changes of printing device 102
and determines location and orientation data of future printing device locations.
Processor 118 executes instructions for printing based on the determination.
[0022] In one example, if printing device 102 is moved outside print zone 130
established on print media 126, distance data of printing device 102 will not be
received by distance sensor receivers 106a, 106b. In one example, an audio or
visual warning can be produced. Additionally, printing can be ceased until
printing device 102 is repositioned within print zone 130. A visual display of
printing device 102 within print zone 130 can also be displayed on a mobile
computing device. The user can determine the print size of an image within
print zone 130 as well as the user desired placement of the image (e.g., off-
centered, centered) within print zone 130 on the computing device prior to the
image being sent to printing device 102.

[0023] With continued reference returning to Figure 4, distance sensor receivers
106a, 106b are positioned a fixed distance D from one another on the print
media 126. Distance sensor transmitter 114 of printing device 102 is initially
positioned on print media 126 is a distance D1 from distance sensor 106a and a
distance D2 from distance sensor 104b, establishing a triangulation between
distance sensors 106a, 106b and distance sensor transmitter 114. As printing
device 102 is moved or repositioned on print media 126, distances D1 and D2
change, however, distance D remains fixed.

[0024] As illustrated in Figure 4, navigations sensors 116a, 116b are positioned

on printing device 102 at a fixed distance L, from one another and navigation
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sensor 116b is positioned on printing device 102 at a fixed distance L, from
distance sensor transmitter 114. Navigation sensors 116a, 116b on printing
device 102 detect rotation and orientation of printing device 102 as it is moved
or repositioned on print media 126. For example, printing device 102 is
originally positioned on print media 126 with navigation sensor 116a having
coordinates (X1, Y1), navigation sensor 116b having coordinates (X2, Y2), and
distance sensor transmitter having coordinates (Xo, Yp). Upon repositioning
printing device 102 in a rotational manner, as indicated by 102,, navigation
sensor 116a, has coordinate (X1+AX4, Y1+AY4) and navigation sensor 116b has
coordinates (Xo+AXz2, Y2+AY2). The original and repositioned coordinate data is
processed by processor 118 to determine a continued path of movement across
print media 126.

[0025] Non-planar surfaces can also be printed on using print system 100. For
example, printing could occur on fabrics, skin, or other type of print surface. In
one example in which non-planar printing is desired, two pairs of distance
sensors 106a, 106b are positioned on print media 126. Other quantities of
distance sensors 106a, 106b can also be used. Vertical surfaces, such as
vertical sides of containers or walls, for example, can be printed on using print
system 100.

[0026] Figure 5 illustrates an example method of printing 300. At 302, image
data is received at a handheld printing device positioned on a print media. At
304, a signal is transmitted from handheld printing device to receiving sensors
on distance sensing module positioned on print media at a location separate
from handheld printing device to determine location and position movement of
handheld printing device. At 306, rotation and acceleration of handheld printing
device is detected with navigation sensors positioned on handheld printing
device as handheld printing device is manually moved across print media. At
308, a path of anticipated movement of handheld printing device is determined
based on sensed location and position movement and detected rotation and
acceleration of handheld printing device as handheld printing device is manually
moved across print media. At 310, print material is deposited within print zone
according to a print request and determined path of anticipated movement. The
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method of printing 300 continues by repeating steps 304 through 310 until the
desired print image has been transferred (i.e., printed) onto print media.

[0027] Although specific examples have been illustrated and described herein, a
variety of alternate and/or equivalent implementations may be substituted for the
specific examples shown and described without departing from the scope of the
present disclosure. This application is intended to cover any adaptations or
variations of the specific examples discussed herein. Therefore, it is intended

that this disclosure be limited only by the claims and the equivalents thereof.
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CLAIMS

1. A mobile printing system, comprising:

a handheld printing device including at least two navigation sensors, a
distance sensor transmitter, a processor, and a print nozzle; and

a distance sensing module including at least two distance sensors, the
distance sensing module to be mountable to a print media at a distance from
the handheld printing device, the distance sensing module to sense positional
data of the handheld printing device;

wherein the processor determines current, past, and anticipated positions
of the handheld printing device based on positional data information received
from the distance sensing module and navigation information received from the
at least two navigation sensors and controls the handheld printing device to
cause print fluid to be dispensed from the print nozzle according to a print

request and the anticipated positions of the handheld printing device.

2. The mobile printing system of claim 1, wherein the distance sensors
detect ultrasonic waves emitted by the transmitter.

3. The mobile printing system of claim 1, wherein the receivers are
ultrasonic.
4. The mobile printing system of claim 1, wherein the at least two navigation

sensors comprise:

two high speed optical sensors.

5. The mobile printing system of claim 1, wherein the at least two navigation

sensors are attached to the mobile printing device at a fixed distance.

6. The mobile printing system of claim 1, wherein the processor is to
determine a rotation angle, speed, and acceleration of the mobile printing
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device based on positional data detected by the at least two distance sensors

and the at least two navigation sensors.

7. A mobile printer, comprising:

a housing formed to be handheld and operated across a print media with
a single hand of a user;

at least two navigation sensors fixedly positioned within the housing to
detect rotational movement, speed, and acceleration of the mobile printer;

a transmitter to transmit ultrasound waves to remote ultrasound sensors;

an array of print nozzles; and

a processor to determine position and motion of the mobile printer and
determine anticipated movement based on rotational movement, speed, and
acceleration information from at least two navigation sensors and to control the
mobile printer to cause ink to be dispensed from the array of print nozzles to
deposit ink on the print media according to a print request and the anticipated

movement.

8. The mobile printer of claim 7, wherein the array of print nozzles are

rotational.

9. The mobile printer of claim 7, wherein the at least two navigation sensors
are optical.

10.  The mobile printer of claim 7, wherein the array of print nozzles are

arranged in a non-linear, non-gridded arrangement.

11. A method of printing, comprising:

receiving image data at a handheld printing device positioned on a print
media;

transmitting a signal from the handheld printing device to receiving

sensors on a distance sensing module positioned on the print media at a
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location separate from the handheld printing device to determine location and
position movement of the handheld printing device;

detecting rotation and acceleration of the handheld printing device with
navigation sensors positioned on the handheld printing device as the handheld
printing device is manually moved across the print media;

determining a path of anticipated movement of the handheld printing
device based on sensed location and position movement and detected rotation
and acceleration of the handheld printing device as the handheld printing device
is manually moved across the print media; and

depositing print material within the print zone according to a print request
and the determined path of anticipated movement.

12.  The method of claim 11, comprising:
automatically interrupting the deposit of printing material onto the print
media upon sensing the handheld printing device exiting a print zone defined by

the distance sensing module.

13.  The method of claim 12, comprising:
automatically restarting the deposit of printing material onto the print
media based on sensed return of the handheld printing device within the print

zone.

14.  The method of claim 11, wherein manually moving the handheld printing
device is in the form of a sweeping back-and-forth movement of the handheld

printing device across the print media.

15.  The method of claim 11, automatically interrupting the deposit of printing
material occurs when the path of anticipated movement is indeterminable based
on the sensed location and position movement and the detected rotation and

acceleration of the handheld printing device.
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