w0 2020/171703 A1 |0 00000 KO Y0000 00 00 O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
27 August 2020 (27.08.2020)

‘O 00 00RO 0 0
(10) International Publication Number

WO 2020/171703 Al

WIPO I PCT

1)

@n

22)

@5
(26)
30)

(71)

(72)

(74)

@81)

84

International Patent Classification:
B41J 3/407 (2006.01) B41J 2/01 (2006.01)

International Application Number:
PCT/NL2020/050099

International Filing Date:
20 February 2020 (20.02.2020)

Filing Language: English

Publication Language: English

Priority Data:
16/282,358 22 February 2019 (22.02.2019) US

Applicant: XYREC IP B.V. [NL/NL]; Beechavenue 137,
1119 RB Schiphol-Rijk (NL).

Inventors: LEWIS, Christopher L.; 11506 Paynes Gray,
Helotes, Texas 78023 (US). ROBINSON, Matthew M.;
2206 Bentoak Hollow, San Antonio, Texas 78248 (US).
EVANS, Paul T.; 109 East Mangolia Ave, San Antonio,
Texas 78212 (US). BOELJINK, Peter; Beechavenue 137,
1119 RB Schiphol-Rijk (NL). BROCKSCHMIDT, Bran-
son P.; 15503 Vance Jackson Rd., Apt 2206, San Antonio,
Texas 78249 (US).

Agent: NEDERLANDSCH OCTROOIBUREALU;
P.0.Box 29720, 2502 LS The Hague (NL).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Publ

ished:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: HIGH ACCURACY PRINTING ON A CURVED SURFACE USING FIDUCIAL MARKERS AND A CAMERA
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High accuracy printing on a curved surface using fiducial markers and a camera

Field of the invention

[0001] The present invention relates to a system and method for printing an image onto a curved
surface using a print head that is carried by an actuated arm during movement of the print head
along the curved surface, such as the outer surface of an airplane, as ink is ejected from the print
head onto the curved surface.

[0002]

Background art

[0003] From European patent EP 2799150 a system is known for applying an image on the outer
surface of an airplane. The image is split up in tiles and each tile is individually printed on the surface
using a graphical application device that is aligned with a fixed position relative to the surface. Each
of the tiles of the image is subsequently applied with a stepwise relocation of the graphical
application device with respect to the target surface. In order to carry out a coarse primary alignment
of adjacent tiles, a pattern or mark is projected onto the surface using an external referring device,
in particular a geodetic instrument, to provide a global referencing on the surface. Carrying out fine
alignment comprises amongst other using a camera, which is mounted on the graphical application
device, to capture an image of a visual feature which is a previously applied section of the image.
[0004] However, the tile wise application of the image and the necessity to carry out alignment for
each tile significantly slow down printing of the image on the surface. Moreover, the known system
is unsuitable to be used when it is not viable or desired to provide a fiducial mark or other kind of
reference on the surface prior to printing the image on the surface.

[0005] It is an object of the invention to provide a system and method which allows accurate

application of a pattern onto a target surface which at least partially overcome these drawbacks.

Summary of the invention

[0006] According to the present invention, a system for printing an image onto a three dimensional
curved surface of an object is provided, the system comprising: a printing robot comprising a base,
an arm supported by the base and moveable relative to the base, a print head having a plurality of
nozzles coupled to a source of printing medium, the arm carrying the print head, wherein the print
head is adapted for ejecting printing medium based on a control signal and is moveable relative to
the base in at least six degrees of freedom of movement for causing relative movement of the print
head along the curved surface, the printing robot further comprising an internal position
determination system comprising a plurality of sensors for determining a position and orientation of
the print head relative to the base; a referencing system comprising: a stationary reference, spaced
apart from the printing robot and arranged stationary with respect to the floor; and one or more
fiducial markers, and a camera arranged for capturing an image ofthe one or more fiducial markers,
wherein the one or more fiducial markers are attached to the inkjet print head and the camera is

supported on the stationary reference, or wherein the one or more fiducial markers are attached to
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the stationary reference and the camera is attached to the inkjet print head, and wherein the
referencing system is adapted for determining a position and orientation of the print head relative
to the stationary reference based on the captured image of the fiducial markers; wherein the system
for printing an image further comprises a controller in communication with the positioning robot, the
print head, internal position system and the reference system and configured for, based on the
position and orientation of the print head relative to the base determined by the print head position
determination system and on the position and orientation of the print head relative to the stationary
reference determined by the referencing system, calculating an estimate of the position, velocity
and acceleration of the print head relative to the surface on which the image is to be printed, the
controller further being adapted for controlling movement of the print head relative to the base and
for controlling the print head to eject printing medium onto the surface during said movement, based
on the estimate.

[0007] As the reference system is decoupled from the positioning robot, and in particular from the
print head, vibrations of the print head relative to the stationary reference can be detected, based
upon which a position, velocity and acceleration of the print head relative to the surface on which
the image is to be printed can be estimated. The reference system is adapted for capturing images
of the fiducial marks, and the controller is adapted for estimating position, velocity and acceleration
of the print head at a frequency of 110 Hz or more, based on the captured images. The images of
the fiducial marks are captured by the camera at at least this frequency. Typically, the internal
position determination system can provide information on position and orientation of the parts of
the robot, including the print head, at much higher frequencies, e.g. as frequencies of 1000 Hz or
more.

[0008] Based on the estimate of position, velocity and acceleration of the print head relative to the
stationary reference, any vibrations of the print head can be compensated for so that an image can
be printed on the surface with high accuracy. For compensation, the controller may be adapted to
adjust the jet fire timing to dynamically offset the image, and/or to mechanically stabilize the print
head using high speed actuators connecting the print head to the arm.

[0009] The printing robot is typically large, i.e. the vertical distance from the base of the printing
robot to the print head is typically greater than 6 m, and the arm supporting the print head will
typically be at least 7 m long. For detecting large movements typically the internal position system
is provided with a number of encoders for determining relative positions of parts of the printing robot
relative to each other. For instance, translation and rotation of the arm relative to the base can be
detected using encoders.

[0010] However, any vibrations of the printing robot or part thereof and which can propagate to the
print head, are not as easily detected using encoders. Such vibrations, which may be due for
instance to operation of motors that are part of the positiocning robot, negatively affect the printing
accuracy if not compensated for. Typically, the internal position determination system is provided
with one or more inertia measurement units (IMUs) for detecting such changes in velocity and
acceleration of parts of the positioning robot, which includes vibrations. IMU’'s can provide data on

such changes at high frequencies, e.g. 1000 Hz or more. However, it was found that when the
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system is used to print large images, i.e. images having an area of 2m? or more, the output such
IMUs was susceptible to drift as time progresses during a continuous printing run.

[0011] The invention allows a comparison between position and orientation data provided by the
internal position determination system and that provided by the reference system, so that any drift
in the data from the internal position determination system can be compensated for as the print
head moves relative to the surface and prints part of the image thereon. By controlling the
movement of the print head relative to the base, as well as controlling when the print head ejects
printing medium, such as paint of ink, on the surface during the movement, the effect of such
vibrations on the image that is printed is reduced. The system of the present invention is particularly
advantageous if no reference patterns, markers or the like have yet been provided on the surface
on which the image is to be printed. Nonetheless, a portion of the image that is first printed on the
curved surface may comprise an encoder pattern. Such an encoder pattern may then be tracked
using another sensor on the print head, e.g. another camera, during printing of subsequent portions
of the image.

[0012] In an embodiment the referencing system is spaced apart from the object. Thus, no
personnel or machines need to approach of contact the object to attach the camera or fiducial marks
to the object. Preferably, the stationary reference is arranged between the base and the surface on
which the image is to be printed so that a distance between the camera and the fiducial marks is
relatively small. Additionally, this arrangement provides a direct line of sight for the camera on the
fiducial marks, even if the print head the robot is moved, e.g. by 3 meters or less, during printing of
the image.

[0013] In an embodiment the base comprises an omnidirectional base vehicle; the printing robot
further comprising a mast extending from the base vehicle; wherein the arm is supported by the
mast and moveable relative to the mast; the base vehicle being adapted for moving across a floor
relative to the object, wherein the arm carries the print head. The base of the robot can thus be
moved to different positions around the object. During printing the base is held stationary to the
floor, e.g. by placing the base vehicle in a parked position, while the print head is moved relative to
the surface of the object.

[0014] In an embodiment the controller is adapted for controlling the printing robot and the print
head to continuously print an area of the desired pattern, wherein said area has a width and/or
height greater than that of the print head.

[0015] In an embodiment the print head is provided with a distance sensor for sensing a distance
between the print head and the curved surface of the object, and wherein the controller is further
configured for controlling movement of the print head relative to the surface such that the nozzles
are at a distance between 0,1 and 1,2 cm from the surface at the time ink is ejected from the
nozzles. Figs. 2A and 2B of US patent application no. 15/044,764 show a print head with suitable
distance sensors.

[0016] In an embodiment the print head is adapted for printing with a resolution of 200 DPI (dots
per inch) or more, in particular when the nozzles of the print head are within the range of between

0,1 and 1,2 cm from the surface during printing.
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[0017] In an embodiment the fiducial markers comprise at least three spaced apart light emitting
diodes (LEDs) which are arranged non-collinearly. Light emitted by the LEDs can easily be detected
by the camera.

[0018] In a preferred embodiment the print head has a front side for facing the surface, and wherein
the fiducial markers are attached to a side of the print head which faces away from the front side.
The fiducial markers are light weight and thus do not significantly increase the inertia of the print
head.

[0019] However, in an alternative embodiment the camera is attached to the print head. This allows
the use of multiple stationary references with fiducial marks which are arranged such that while the
robot moves around the object the camera always has a direct line of sight to the fiducial marks of
one of these stationary references.

[0020] In an embodiment the arm is able to rotate, move translationally, and move up or down with
respect to the mast.

[0021] In an embodiment the arm is provided with a wrist which allows for at least three degrees
of movement relative to the arm, and wherein the print head is attached to the wrist. Preferably the
wrist allows 5 of more degrees of freedom of movement relative to the arm. Figs. 2A and 2B of US
patent application no. 15/044,764 show a print head with high bandwidth linear actuators suitable
for use as high speed actuators in the robot of the present invention.

[0022] According to a second aspect, the invention provides a method for printing an image onto
a three dimensional curved surface of an object using:

a printing robot comprising a base, an arm supported by the base and moveable relative to
the base, a print head having a plurality of nozzles coupled to a source of printing medium, the arm
carrying the print head, wherein the print head is adapted for ejecting printing medium based on a
control signal and is moveable relative to the base in at least six degrees of freedom of movement
for causing relative movement of the print head along the curved surface, the printing robot further
comprising an internal position determination system comprising a plurality of sensors for
determining a position and crientation of the print head relative to the base; and

a referencing system comprising: a stationary reference, spaced apart from the printing robot
and arranged stationary with respect to the floor; and one or more fiducial markers, and a camera
arranged for capturing an image of the one or more fiducial markers, wherein the one or more
fiducial markers are attached to the inkjet print head and the camera is supported on the stationary
reference, or wherein the one or more fiducial markers are attached to the stationary reference and
the camera is attached to the inkjet print head, wherein the referencing system is adapted for
determining a position and orientation of the print head relative to the stationary reference based
on the captured image of the fiducial markers;

the method comprising the steps of. arranging the stationary reference of the referencing
system on the floor such that there is a line of sight between the camera and the one or more fiducial
markers; and

using the print head position determination system to determine the position and orientation

of the print head relative to the base, using the referencing system to determine the position and
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orientation of the print head relative to the stationary reference, and based on these, calculating an
estimate of the position, velocity and acceleration of the print head relative to the surface on which
the image is to be printed, and, based on the estimate, controlling movement of the print head
relative to the base and controlling the print head to eject printing medium onto the surface during
said movement.

Like the system of the invention, the method the print head to be aligned relative to the
surface while compensating for vibrations of the print head relative to the surface that cannot be
detected accurately by the robot’s internal position determination system.

[0023] In an embodiment said controlling movement of the print head relative to the base and
controlling the print head to eject printing medium onto the surface during said movement comprises
adjusting the jet fire timing to dynamically offset the image, and/or mechanically stabilizing the print

head using high speed actuators connecting the print head to the arm.

[0024] Brief description of the drawings
The present invention will be discussed in more detail below, with reference to the attached
drawings, in which:

Fig. 1 schematically shows a system according to the present invention in use for applying a
logo on the outer surface of an airplane;

Fig. 2 schematically shows a detail of another system according to the invention; and

Fig. 3 shows a flow chart of the method of the present invention.

Detailed description of the drawings

[0025] Figs. 1 schematically shows a perspective view of a printing system 1 according to the
invention for printing an image 3 onto one or more curved 3D surfaces 11, 12 of an airplane 10.
The system 1 comprises a mobile printing robot 100 comprising a base 110 which is provided with
wheels 111 for driving the robot across a floor 2. The robot comprises a substantially vertically
extending mast 120 which is supported on the base in 110 in such a manner that the mast can
rotate relative to the base around an axis Z which extends substantially vertically from the base
110. The mast 120 in turn supports an arm 130 which can be translated relative to the mast 120
along the axis Z as well as along a longitudinal direction X of the arm. The arm can also be rotated
relative to the mast 120 around a substantially horizontal axis Y which extends through the mast
and perpendicular to the longitudinal direction X ofthe arm. At an end of the arm 130, a wrist section
140 is provided to which a print head 150 is attached. The print head is provided with a plurality of
nozzles for gjecting ink on the surface 11.

[0026] The mast 120 is provided with an encoder 121 which measures a rotational position of the
mast relative to the base 110 around the Z-axis. The arm 130 in turn is provided with an encoder
131 which measures a rotational position of the arm 130 relative to the mast 120 around the axis
Y, and is further provided with an encoder 132 which measures a translational position of the arm
130 relative to the horizontal axis Y, and an encoder 133 which measures a translational position

of the arm 130 relative to the mast along the Z-axis. The wrist 140 is provided with cne or more
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encoders 141 for determining rotational and translational position of the print head relative to the
end of the arm 130 where the wrist is attached to the arm. The encoders 121, 131, 132, 133 and
141 are all part of an internal position determination system for determining a position and
orientation of the print head 150 relative to the base 110. The internal position determination system
further comprises an IMU 158 which is fixed to the print head 150.

[0027] Due to the large size of the robot, and due to the limited resolution of the encoders 121,
131, 132, 133, 141, and IMU 158, the position and orientation of the print head 150 as determined
by the internal position determination system may be insufficient to allow accurate printing of an
image 3 on the surface 11 at a resolution of at least 200 DPI.

[0028] In order to allow more accurate determination of the position of the print head relative to
the surface 11, the system 1 of the invention is further provided with a stationary reference 60 which
is spaced apart from the robot 100, and the robot is provided with a camera 160 which faces away
from a direction in which the nozzles can eject ink. The stationary reference 60, which is stationarily
supported on the floor 2 on support legs 67, comprises a number of fiducial markers 61 which are
arranged within a line of sight of the camera 160. As the print head is moved across the surface 11
while the nozzles are controlled to print ink on the surface, the camera 160 captures images of the
fiducial markers 61.

[0029] Together the camera 160 and stationary reference 80 form a reference system which can
be used to can detect vibrations and variations in position of the print head 150 relative to the
stationary reference 60, which will substantially correspond to vibrations and variations in position
of the print head 150 relative to the surface 11 on which the image is to be printed. Based on the
captured images of the markers, the robot can thus be controlled to position the print head more
accurately with respect to the surface 11. In particular, the reference system 60, 160 allows changes
in position and orientation of the print head relative to the surface and which cannot be sensed
using the internal position determination system to be taken into account.

[0030] For controlling movement of the print head and controlling ejection of ink from the nozzles
of the print head, the system is further provided with a controller 20. The controller communicatively
coupled with the positioning robot, the print head, internal position system and the camera 60 ofthe
reference system. The controller thus receives first data from the internal position determination
system regarding a position and orientation of the print head relative to the base as determined by
the internal position determination system. Additionally, the 20 controller receives second data from
camera 160 of the reference system regarding the position and orientation of the print head 150
relative to the stationary reference 60. From the first and second data the controller calculates an
estimate of the position, velocity and acceleration of the print head relative to the surface on which
the image is to be printed, the controller further being adapted for controlling movement of the print
head relative to the base and for controlling the print head to eject printing medium onto the surface
during said movement, based on the estimate.

[0031] In Fig. 1, the stationary reference 60 is arranged between the base 110 of the robot and
surface 11 on which the image is to be printed, in particular between the print head and the base

when seen in top view. The distance between the stationary reference and the camera thus is
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relatively short, allowing a more accurate estimation of the position and orientation of the print head
relative to the stationary reference 60.

[0032] The image 13 thatis printed on the surface 11 has a width and height greater than the width
and height of the print head. In order to print the entire image, the robot is controlled to move the
print head along the surface 11 in multiple passes, wherein during each pass data from the
reference system together with data from the internal position determination system are used for
positioning the print head relative to the surface 11.

[0033] Fig. 2 shows a detail of a system according to the invention, which is similar to the system
of Fig. 1, but in which the stationary reference comprises a camera 160’ which is supported
stationarily on the floor, and wherein a surface 60’ on which fiducial markers are provided is
attached to a side of the print head facing away from the surface 11 on which the print head 150
prints the image. As the robot moves relative to the surface 11 during printing, the fiducial markers
remain in a line of sight of the camera, allowing an position and orientation of the print head relative
to the camera to be estimated. Based on this estimate as well as on data provided by the internal
position determination system, the controller 20 controls movement of the print head and activation
of the nozzles of the print head during printing. In order to more clearly show that the fiducial marks
face towards the stationary camera 160’ and that the camera has is a direct line of sight to the
fiducial marks, a support 67’ on which the surface 60’is mounted is here schematically shown to be
transparent.

[0034] Fig. 3 schematically shows a method of the invention for use with a system according to
the invention. The method comprises in parallel steps 310 and 320 sensing data respectively from
the internal position determination system of the robot, and data from the referencing system. Step
310 comprises collecting data 310a from encoders of the printing robot as well as data 310b from
an IMU that is attached to the print head. Step 320 comprises collecting orientational and positional
data from the referencing system, based on images of the fiducial marks captured by the camera.
[0035] Based on the data collected in steps 310 and 320, in step 330 an estimate positon, velocity
and acceleration of the print head relative to the surface is calculated. Due to the use of the data
from the referencing system, any drift in data from the IMU can be compensated for.

[0036] Next, in step 340 the positioning the print head and activation of the nozzles of the print is
controlled based on the estimate, to print a portion of the image on the surface as the print head is
moved along the surface.

[0037] In summary, the invention provides a system and method for printing an image on a surface
using a printing robot, wherein data from an internal position determination system of the robot as
well as data from a reference system comprising a stationary reference external to the robot are
used to calculate an estimate of position, velocity and acceleration of the print head relative to the
surface. As print head is moved along the surface during printing, i.e. as the print head is moved
while ink is gjected from nozzles of the print head, the positioning of the print head and activation

of nozzles of the print head are controlled based on the estimate.
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Claims

1. A system for printing an image onto a three dimensional curved surface of an object, the
system comprising:

a printing robot comprising a base, an arm supported by the base and moveable relative to
the base, a print head having a plurality of nozzles coupled to a source of printing medium, the arm
carrying the print head, wherein the print head is adapted for ejecting printing medium based on a
control signal and is moveable relative to the base in at least six degrees of freedom of movement
for causing relative movement of the print head along the curved surface, the printing robot further
comprising an internal position determination system comprising a plurality of sensors for
determining a position and orientation of the print head relative to the base;

a referencing system comprising: a stationary reference, spaced apart from the printing robot
and arranged stationary with respect to the floor; and one or more fiducial markers, and a camera
arranged for capturing an image of the one or more fiducial markers, wherein the one or more
fiducial markers are attached to the inkjet print head and the camera is supported on the stationary
reference, or wherein the one or more fiducial markers are attached to the stationary reference and
the camera is attached to the inkjet print head, and

wherein the referencing system is adapted for determining a position and orientation of the
print head relative to the stationary reference based on the captured image of the fiducial markers;

wherein the system for printing an image further comprises a controller in communication
with the positioning robot, the print head, internal position system and the reference system and
configured for, based on the position and orientation of the print head relative to the base
determined by the internal position determination system and on the position and orientation of the
print head relative to the stationary reference determined by the referencing system, calculating
time an estimate of the position, velocity and acceleration of the print head relative to the surface
on which the image is to be printed, the controller further being adapted for controlling movement
of the print head relative to the base and for controlling the print head to eject printing medium onto

the surface during said movement, based on the estimate.

2. The system according to claim 1, wherein the referencing system is spaced apart from the
object, preferably wherein the stationary reference is arranged between the base and the surface

on which the image is to be printed.

3. The system of claim 1, wherein the base comprises an omnidirectional base vehicle; the
printing robot further comprising a mast extending from the base vehicle; wherein the arm is
supported by the mast and moveable relative to the mast; the base vehicle being adapted for
moving across a floor relative to the object, wherein the arm carries the print head.
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4, The system according to claim 1, wherein the controller is adapted for controlling the printing
robot and the print head to continuously print an area of the desired pattern, wherein said area has
a width and/or height greater than that of the print head.

5. The system according to claim 1, wherein a portion of the image that is first printed on the

curved surface comprises an encoder pattern.

6. The system according to claim 1, wherein the print head is provided with a distance sensor
for sensing a distance between the print head and the curved surface of the object, and wherein
the controller is further configured for controlling movement of the print head relative to the surface
such that the nozzles are at a distance between 0,1 and 1,2 cm from the surface at the time ink is

ejected from the nozzles, preferably a distance between 0,3 and 1 cm.

7. The system according to claim 1, wherein the print head is adapted for printing with a
resolution of 200 DPI or more.

8. The system according to claim 1, wherein the fiducial markers comprise at least three spaced

apart light emitting diodes which are arranged non-collinearly.

9. The system according to claim 1, wherein the print head has a front side for facing the
surface, and wherein the fiducial markers are attached to a side of the print head which faces away
from the front side.

10. The system according to claim 1, wherein the camera is attached to the print head.

11.  The system according to claim 3, wherein the arm is able to rotate, move translationally, and

move up or down with respect to the mast.

12. The system of claim 1, wherein the arm is provided with a wrist which allows for at least three

degrees of movement relative to the arm, and wherein the print head is attached to the wrist.

13. A method for printing an image onto a three dimensional curved surface of an object using:
a printing robot comprising a base, an arm supported by the base and moveable relative to
the base, a print head having a plurality of nozzles coupled to a source of printing medium, the arm
carrying the print head, wherein the print head is adapted for ejecting printing medium based on a
control signal and is moveable relative to the base in at least six degrees of freedom of movement
for causing relative movement of the print head along the curved surface, the printing robot further
comprising an internal position determination system comprising a plurality of sensors for

determining a position and orientation of the print head relative to the base; and
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a referencing system comprising: a stationary reference, spaced apart from the printing robot
and arranged stationary with respect to the floor; and one or more fiducial markers, and a camera
arranged for capturing an image of the one or more fiducial markers, wherein the one or more
fiducial markers are attached to the inkjet print head and the camera is supported on the stationary
reference, or wherein the one or more fiducial markers are attached to the stationary reference and
the camera is attached to the inkjet print head, wherein the referencing system is adapted for
determining a position and orientation of the print head relative to the stationary reference based
on the captured image of the fiducial markers;

the method comprising the steps of:

arranging the stationary reference of the referencing system on the floor such that there is a
line of sight between the camera and the one or more fiducial markers; and

using the print head position determination system to determine the position and orientation
of the print head relative to the base, using the referencing system to determine the position and
orientation of the print head relative to the stationary reference, and based on these, calculating an
estimate of the position, velocity and acceleration of the print head relative to the surface on which
the image is to be printed, and, based on the estimate, controlling movement of the print head
relative to the base and controlling the print head to eject printing medium onto the surface during

said movement.

14. The method of claim 13, wherein said controlling movement of the print head relative to the
base and controlling the print head to eject printing medium onto the surface during said movement
comprises adjusting the jet fire timing to dynamically offset the image, and/or mechanically
stabilizing the print head using high speed actuators connecting the print head to the arm.
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Fig. 2
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