
 

DEVICES, SYSTEMS, AND METHODS FOR MULTI-PROJECTOR THREE 

DIMENSIONAL PRINTING 

 

CROSS-REFERENCES 

 [0001] This utility patent application claims the benefit of priority to U.S. Provisional 

Patent Application No. 62/826,361, filed on March 29, 2019, entitled METHOD AND SYSTEM 

FOR METHODOLOGIES AND HARDWARE FOR MULTI-PROJECTOR THREE 

DIMENSIONAL PRINTING, the contents of which are incorporated herein by reference, in their 

entirety. 

SUMMARY 

[0002] Disclosed embodiments relate to devices, systems, and methodologies for three 

dimensional printing, for example, additive manufacturing, which can include a 

StereoLithographic Approach (SLA) and/or Digital Light Patterning (DLP) for three dimensional 

printing. 

[0002a] According to a first aspect, there is provided a patterning module for an additive 

manufacturing system as part of an array of patterning modules under common control by a 

controller that is remote to the array of patterning modules, the patterning module including: a 

micro-projector configured to project energy for performing energy patterning for additive 

manufacturing; and a multi-axis micro-positioning system to control x-direction, y-direction, and z-

direction positioning of the micro-projector relative to micro-projectors of other patterning modules 

within the array of patterning modules, wherein the micro-positioning system includes a plurality 

of actuators configured to control positioning of the x-direction, y-direction, and z-direction and 

operated based on patterning data provided by the remote controller. 

 [0002b] According to a second aspect, there is provided a patterning module for an 

additive manufacturing system as part of an array of patterning modules under common control 

by a controller that is remote to the array of patterning modules, the patterning module including: 

a micro-projector configured to project energy for performing energy patterning for additive 

manufacturing; a multi-axis micro-positioning system to control positioning of the micro-

projector relative to micro-projectors of other patterning modules within the array of patterning 

modules, wherein the micro-positioning system includes a plurality of actuators operated based 

on patterning data provided by the remote controller, and a micro-computer arranged in 

communication with at least one of the micro-projector and the multi-axis micro-positioning 

system for receiving control commands including the patterning data from the remote 

controller for controlling operation of at least one of the micro-projector and the multi-axis 

micro-positioning system, wherein communications between the micro- computer and 

remote controller are encrypted. 

[0002c] According to a third aspect, there is provided an additive manufacturing device 

including: a device controller; and an array of patterning modules under common control of the  
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device controller, wherein the device controller is arranged remote relative to the patterning 

module array, wherein each of the patterning modules within the array includes: a micro-projector 

configured to project energy for performing energy patterning for additive manufacturing; a 

multi-axis micro-positioning system to control positioning of the micro-projector relative to 

micro-projectors of other patterning modules of the array of patterning modules, wherein the 

micro-positioning system includes a plurality of actuators operated based on patterning data 

provided by the device controller; and a micro-computer in communication with at least one of 

the corresponding micro-projector and the corresponding multi-axis micro-positioning system, 

the micro-computer including memory storage and arranged for receiving and storing patterning 

data from the device controller for controlling operation of at least one of the corresponding 

micro-projector and multi-axis micro­ positioning system.   

[0002d] According to a fourth aspect, there is provided a method of performing additive 

manufacturing including: controlling emission of projected energy by an array of a plurality of 

patterning modules by a device controller that is remote to the patterning module array, wherein 

each of the patterning modules within the array includes a micro-projector configured to project 

energy for performing energy patterning; and controlling positioning of the micro-projector in the 

x-direction, y-direction, and z-direction relative to micro-projectors included in other patterning 

modules within the patterning module array using a multi-axis, micro-positioning system 

configured to control positioning of the x-direction, y-direction, and z-direction, wherein the 

micro-positioning system includes a plurality of actuators operated based on instructions provided 

by the remote device controller.  

[0003] In accordance with at least some disclosed embodiments, an array of energy 

patterning (e.g., light patterning) modules may be used in a 3D printing methodology.  

[0004] In accordance with at least some disclosed embodiments, each patterning module 

may include a multi-axis, micro-positioning system operating in conjunction with an energy 

patterning system including a projector.  

[0005] In accordance with at least some disclosed embodiments, the projection system 

and/or micro-positioner may participate in a feed-back control loop for automated alignment of 

the energy patterning system to generate a continuous display area.  

[0006] In accordance with at least some disclosed embodiments, each patterning module 

may contain an on-board micro-computer which is responsible for receiving and distributing 

commands to the energy patterning system and/or the micro-positioning system from a local or 

remote host.  The communication between the micro-computer and the host may be (i) wired or 

wireless, (ii) encrypted, and (iii) bi-directional.  

[0007] In accordance with at least some disclosed embodiments, the micro-computer may 

receive commands/data which are sent to the patterning module to control energy output (both 

pattern and intensity) of the projection of the energy patterning system. The micro-positioner may 

receive commands/data which are used to adjust the location of the patterning module along with 

the projector within the patterning module. 
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] An exemplary embodiment is shown in the drawings and is explained in detail

below with reference to the figures. In the drawings:

[0009] Figs. 1-4 provide various views of an illustrative example of a patterning

module designed in accordance with disclosed embodiments.

[00010] Figs. 5-6 provide various views of an illustrative example, of a single patterning

module mounted to an optical board as well as a 3x3 array of patterning modules (nine in total)

mounted on an optical board for comparison and illustration of the exemplary combination of

modules that may be used in accordance with disclosed embodiments.

[00011] Figs. 7-8 illustrate example of alignment operations aligning the field of view

from two separate projectors with mounting that does not result in perfect alignment there between.

[00012] Fig. 9 and 10 illustrates an example of alignment operations of patterning

modules in a 3x3 array in accordance with disclosed embodiments.

[00013] Fig. 11 illustrates a top-down depiction of optical modules with aligned fields-

of-view in accordance with at least one disclosed embodiment for printing a large diameter gasket.

[00014] Fig. 12 illustrates another top-down depiction of optical modules with aligned

fields-of-view in accordance with at least one disclosed embodiment for printing a large diameter

gasket.

[00015] Figs. 13-17 illustrate views of another optical modules in accordance with the

present disclosure.

[00016] Fig. 18 illustrates a prespective view of an additive manufactutring system

including a base mount having the optical module of Figs. 13-17 mounted thereon.

[00017] Fig. 19 illustrates a prespective view of the additive manufactutring system of

Fig. 18 showing the base mount having a plurality of optical modules of Figs. 13-17 mounted

thereon.

DETAILED DESCRIPTION

[00018] Conventionally, the StereoLithographic Approach (SLA) for additive

manufacturing presents unique capabilities and technical opportunities over competing

technologies. This is because SLA can deliver high print-speeds, while generating objects from a

library of robust materials.
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[00019] Central to the printing configuration for SLA, is the "light-engine," or projector,

which is responsible for patterning light/energy to drive polymerization reactions of photo-

sensitive liquid resins in the manufacturing process. The spectrum of light projected, power-

density of the projected light, and the rate in which the light can be patterned all govern the

capabilities of the additive manufacturing device, or printer, that utilizes the light engine.

[00020] For the purposes of this disclosure, the term "energy" is used to refer to energy

measured in various forms including, but not limited to, radiated energy, for example light, both

visible and not visible. Thus, it should be understood that, the application of "energy"is meant to

include, and not be limited to the application of heat (thermal), light (radiant), electrical energy,

magnetic energy, etc.

[00021] There exist two common routes to light/energy patterning in additive

manufacturing devices. The first utilizes a laser beam, directed over a two-dimensional (2D) plane

with a series of motorized mirrors (e.g., mirror galvanometers, also called "galvos", or resonance

scanners), to trace out a 2D cross-sectional image of a net-shape to be printed. A

[00022] Alternatively, Digital Light Processing (DLP) chips can be used in classical

projector configurations to pattern microscopic pixels across the 2D plane, wherein, each pixel is

updated on an internal clock frequency.

[0001] Ultimately, both light/energy patterning techniques have limitations regarding

their ability to scale to larger 2D print beds.

[0002] In the case of the scanning laser beams, as the distance the beams span

increases, there is a corresponding loss in lateral resolution of the beam cross section. This results

in a corresponding loss of resolution in a printed object. Moreover, as a result of using a fixed scan

speed, the increase size results in the 2D display frequency becoming quite slow; this limits the

vertical print rate of any 3D printer configured using scanning laser beams.

[0003] In the case of the DLP based patterning technique, projection lenses may be

used to cover a larger 2D area. However, the limited pixel density of conventionally available DLP

chips in the market similarly limits the technical effect of this configuration. More specifically,

with the limited pixel density, the projection over a larger area simply results in a larger projected

pixel and a coarser 3D printed object.

[0004] An additional limitation of the DLP approach is that, when scaled to larger

areas, there is a resulting limitation on projection power density. This is because, with less photons
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per unit areaea being delivered, the chemical reactions responsible for the print mechanism run

slower and become a bottle neck in the print process.Conventional approaches to address this issue

have included use of multiple projectors to cover a larger area. Such an approach has been used

for decades by lighting specialists in the entertainment industry with both DLP and laser scanning

systems. In this way, The projection area of each independent light engine can be stitched together

to generate a large image. Indeed, conventionally, an array of light engines has been shown to be

successful for performing 3D printing (for example, as disclosed in PCT Publication WO

2015200173).

[0005] However, in implementation, combining the effects of each independent light

engine requires a methodology and equipment that enable tiling these projectors in an infinite

means. Although mirrors can be used to easily tile two to four projectors into an array, beyond a

certain point, the conventionally know use of mirrors becomes impractical, if not impossible, to

scale.

[0006] Accordingly, new designs are required to tile a larger number of light patterning

modules together. Presently disclosed embodiments provide hardware and software implemented

systems that enable automatic alignment and stitching together of micro-patterning modules (i.e.,

pixel sizes below 500µm) with high lateral precision.

[0007] It should be understood that, while disclosed embodiments enable technical

utility to tile DLP based micro-projectors for SLA printing applications (together, referred to,

herein, as "DLP-SLA" printing applications), the hardware and techniques described herein also

have technical utility in application to other forms of 3D printing, in which multiple energy

patterning modules may be used.

[0008] For example, the innovations disclosed herein have particular utility for

application to Selective Laser (SL) SLA (often called SL-SLA), or Selective Laser Sintering

(SLS), in which multiple laser modules might be tiled so as to cover a larger area with enhanced

resolution.

[0009] It should also be understood that the hardware and corresponding software

described herein are unique in both technical structure and functionality from those used in

conventional entertainment applications, in which the 2D projection plane is often substantially

larger than the hardware footprint by an order of magnitude (for example, a theatrical performance

stage, movie viewing screen, building façade, etc.).
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[0010] Rather, in the technological and industrial manufacturing context of 3D

printing, often, the 2D projection plane is smaller than the footprint of the projection/patterning

hardware. Thus, disclosed embodiments utilize miniaturized projection hardware and

corresponding alignment systems for such hardware to conform the system to a footprint smaller

than a desired projection domain.

[0011] Such an implementation enables the ability to more effectively scale to larger

2D print beds. As alluded to above, the number of patterning modules in an optical system grows,

the precise alignment of those modules becomes more challenging. More specifically,

conventional, manual alignment systems used in projection systems with a small number of

projectors immediately become impractical. For example, in a two-projector system, adjustments

to a single projector via a manual micro-manipulator are unlikely to interfere with the neighboring

projector. This is because the manipulator is un-obstructed from all but one direction.

[0012] However, when there is an array of 10-100 micro-projection systems, precision

alignment becomes a great technical challenge and obstacle to effective implementation because

there is no practical way to adjust one of the micro-projections system within the array manually

without causing significant disruptions to the surrounding micro-projection systems.

[0013] To eliminate this impediment, disclosed embodiments provide a system with

micro-projection patterning modules that utilize wireless communication to transmit data relating

to both positional control data and projection data. The technical effect of such transmission of

both positional and projection data can be recognized in an example, wherein a large array, e.g.,

10-100 projectors; wireless transmission from a centralized controller greatly reduces the number

of wires/connection lines necessary to implement positional coordination and supply of projection

data for patterning. Although not shown, such a centralized controller may be implemented using

one or more computer processors and associated hardware for communicating wirelessly with each

of a plurality of projection modules.

[0014] In accordance with the disclosed embodiments, each patterning module may be

provided with only a single fixed wire to power for operation. Accordingly, all other control,

content and operation information may be conveyed from a centralized controller wirelessly to the

patterning modules.

[0015] Increased flexibility, ease of use and decreased maintenance time result from

the highly-modular nature of systems provided in accordance with the disclosed embodiments. If
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a projector in a single patterning module in a 10x10 projector array (i.e., one of 100 projectors)

has a failure, that patterning module can be removed and replaced with an operational patterning

module without interfering with the remainder of the projection system.

[0016] Additionally, this modularity enables the ability to position projectors into

arrays of varying aspect ratios or even non-continuous domains as necessary for a given

application. For example, instead of 100 projectors being in a 10x10 array, the array could be in a

1x100 array, a 2x50 array, a 4x25 array, 5x20 array, etc.

[0017] As explained above, in accordance with at least some disclosed embodiments,

an array of energy patterning (e.g., light patterning) modules may be used in a 3D printing

methodology. In SLA 3D printing, the resolution of the x-y plane is often limited by the optical

projection system which delivers light/energy to the build interface. The ability to tile multiple

projection systems into a large, high-resolution array is often limited by the ability to align multiple

micro-projection systems laterally.

[0018] To accomplish this, disclosed embodiments utilize a projection module package

volume that contains (i) the optical projection components, (ii) a data receiver, and (iii) an

electronically controlled micro-positioner; all of which must fit within the footprint of a projected

image. For example, for illustrative purposes, consider that, given a 'coarse' resolution of 100um

in conjunction with a 1080p resolution DLP projection module, the cross-section of this

projector/manipulator module may be limited to 4.25"x7.5"laterally. If a higher resolution system

is desired, such as a common standard of 50um, this area may decrease to ~2.2"x3.8". Given these

small constraints, disclosed embodiments are directed at providing customized modules that fulfill

such required resolutions.

[0019] Figs. 1-4 illustrate an example of a patterning module provided in accordance

with the disclosed embodiments. Those figures provide various views of a patterning module 100

and its constituent components. As shown in Figs. 1-4, the patterning module 100 may include a

micro-projector 110 which is configured and operates to pattern energy (for example, UV light via

DLP). However, it should be understood that the micro-projector 110 may be implemented with

one or more lasers operating in conjunction with galvo mirrors or other conventionally known and

commercially available or custom patterning/energy systems.

[0020] In accordance with at least one disclosed embodiment, the patterning modules

100 disclosed herein may include a micro-projector that is an off-the-shelf model (i.e.,
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conventionally obtainable in an uncustomized state), which is then modified to project Ultra Violet

(UV) light (required for photoinitiators used in the SLA printing processes). The patterning

module 100 may also include a micro-computer 120, which is wirelessly coupled to, and receives

commands from, a host computer (including, for example, positional and projection data) to

control positioning and output of energy of the projector 100 to enable patterning for 3D printing

processes. Thus, in accordance with at least some disclosed embodiments, the micro-computer

120 may receive commands/data which are sent to the patterning module 100 by the host computer

to control energy output (both pattern and intensity) of the projection of the projector 110.

[0021] Micro-computer 120 may include any suitable micro-computing device, for

example, a micro-computing device defined as an electronic circuit consisting of a

processor/microprocessor, CPU, RAM, equipped for external communication (e.g., by wired

Ethernet connection, wifi module, NFC, Bluetooth, NIR, optical, and/or any other suitable wired

or wireless communications equipment, etc). Exemplary micro-computing devices may falls

below the size range of a standard lap-top or desktop computing device. Examples of suitable

micro-computing devices may include a Raspberry Pi, an Arduino board, an Intel 'Stick' or 'NUC'

computer, or any computing device with comparable volume or smaller to those listed.

[0022] Micro-computer 120 and/or host computer may include suitable memory and/or

communciations circuitry for impelementing their discloses operations. Examples of suitable

processors may include one or more microprocessors, integrated circuits, system-on-a-chips

(SoC), among others. Examples of suitable memory, may include one or more primary storage

and/or non-primary storage (e.g., secondary, tertiary, etc. storage); permanent, semi-permanent,

and/or temporary storage; and/or memory storage devices including but not limited to hard drives

(e.g., magnetic, solid state), optical discs (e.g., CD-ROM, DVD-ROM), RAM (e.g., DRAM,

SRAM, DRDRAM), ROM (e.g., PROM, EPROM, EEPROM, Flash EEPROM), volatile, and/or

non-volatile memory; among others. Communication circuitry may include components for

facilitating processor operations, for example, suitable components may include transmitters,

receivers, modulators, demodulator, filters, modems, analog to digital converters, operational

amplifiers, and/or integrated circuits.

[0023] The patterning module 100 may also include a micro-positioner system 130

driven by a combination of a plurality of stepper motors 140, for example, three stepper motors.

The stepper motors could be replaced by other actuating devices, such as pneumatic systems, dc
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motors, rail systems, etc. Each projector 110 may be mounted to a modified X-Y-Z positioning

stage. The axis of these stages may be modified to be manipulated through the coordinated control

and operation of the plurality of stepper motors (one for each axis). The micro-positioner 130 may

receive commands/data via the micro-computer 120; such commands/data which are used to adjust

the location of the patterning module along with the projector within the patterning module 100.

[0024] The micro-projector 110, on-board, Wi-Fi enabled microcomputer 120, and

micro-positioner components 130, are collectively sized, positioned and function such that the

cross-sectional area of the overall patterning module including those components is smaller than

the projection field of a single micro-projector.

is

[0025] In accordance with the disclosed embodiments, each patterning module 100

may include a multi-axis, micro-positioning system 130 operating in conjunction with an energy

patterning system including a projector 110. More specifically, optomechanical hardware

provided which couples micro-projectors 110 included in patterning modules 100 with electrically

driven, multi-axis micro manipulators. When tiled together, these patterning modules 100, and

their constituent micro projectors 110, can be aligned to generate a high-resolution optical

projection system over an arbitrarily large print bed.

[0026] Likewise, each patterning module 100 may contain an on-board micro-

computer 120 which is responsible for receiving and distributing commands to the energy

patterning system and the micro-positioning system 130 from a remote host (e.g., a centralized,

computer implemented controller for the multi-projector system). The communication between

the micro-computer 120 and the host may include any one or more of (i) wired and/or wireless

communcations, (ii) encrypted and/or secured communications, and (iii) unidirectional and/or bi-

directional communications. In this way, disclosed embodiments provide a system with micro-

projection patterning modules 100 that utilize wireless communication to transmit data relating to

both positional control and projection data. The technical effect of such transmission of both

positional and projection data can be recognized in an example, wherein a large array, e.g., 10-100

projectors; wireless transmission greatly reduces the number of wires/connection lines necessary

to implement positional coordination and supply of projection data for patterning. In some

embodiments, wired and wireless communication may be implemented together, for example, with

one or more modules 100 communicating with the host computer by wired connection and one or

more other modules 100 communciating with the host computer by wireless connection.
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[0027] The on-board microcomputer 120 is Wi-Fi enabled to receive positional

commands, and translates these commands to motor driver instructions for controlling operation

of a plurality of stepper motors 140 to cause the actuation and relocation of the projection module

100. Additionally, the on-board microcomputers 120 may be used to receive projection data from

the common, remote host, which may be routed to the micro-projector 110 to control the display

output.

[0028] The communication between the centralized host computer and the patterning

modules may be encrypted, e.g., encryption of Scalable Vector Graphics (SVG) strings via

algorithms such as AES (symmetric 128-bit encryption cypher) may be sent to each patterning

module address to ensure that the proper instructions are sent to each patterning module in an array

without risk (or with reduced risk) of tampering. In some embodiments, graphical vector strings

may include any suitable form of vector string definition, format, substance, etc., for example,

projection data may represented by a series of vectors described in any suitable string format, i.e.,

non-rasterized image. Likewise, encryption of control and/or feedback data may be performed

using cypher keys specific to the overall multi-projector implemented additive manufacturing

device itself (this may be implemented, for example, using a MAC address to position library); in

this way, the x-y image plane data may be scrambled. Further, encryption may be based upon

buffering frequency/speed scrambling the z-image stack data. Scrambling may include

misordering data (of the relevant axis) to delinearize the information.

a in

[0029] The projection data can be formulated either to enable automated alignment

(e.g., projection of positional markers for feed-back control) or to enable projection of a sub-set of

larger 2D image being displayed across the array for the purpose of 3D printing. Thus,

accordance with at least one embodiment, the patterning modules 100 can projectatest-pattern at

a build interface, which can be utilized for high-resolution alignment (i.e., on the resolution of a

single pixel depending on the resolution of an imaging sensor) through use of a feed-back control

loop.

[0030] Fig. 5 illustrates an example of a single projector array 505 including a single

patterning module 100 mounted to an optical board 150. Fig. 6, illustrates an example of an array

605 of modules 100 arranged in a 3 x 3 configuration for a total of nine projectors mounted on

optical board 150.
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[0031] In accordance with at least some disclosed embodiments, the projection system

and/or micro-positioner may participate in a feed-back control loop for automated alignment of

the energy patterning system to generate a continuous display area. Figs. 7-8 illustrate an example

of alignment operations for the field of view 360, 360' from two separate micro-projectors 310,

310' that are part of separate patterning modules 300, 300' positioned relative to one another on a

mounting plate, i.e., optical board. The combined field of view 360,360' of the micro-projectors

310, 310' represents an applicable display area.

[0032] As can be seen in Fig. 7, the mounting of the micro-projectors 310, 310' does

not result in perfect alignment. The adjacent edges (longitudinal bottom edge of 360, and

longtiduinal top edge of 360') of the fields of view 360, 360' are spaced apart from each other.

The corresponding lateral edges (right and left edges) of the fields of view 360, 360' are

misaligned. In some embodients, the adjacaent fields of view 360, 360' may experience other

aspects of misalignment, for example, tilt such that corresponding longitudinal and/or lateral edges

are not parallel with each other. To the contrary, as illustrated in Fig. 8, while the positioning of

the micro-projectors 310, 310' on the mounting plate illustrated in Fig. 7 remains in the same

position as that illustrated in Fig. 7 (that is, out of perfect alignment) the micro-projectors 310 and

their resultant field of view 360 may be repositioned in one or more of the x-y-z directions by the

micro-positioner systems (such as micro-positioner system 130 using the stepper motors 140 under

control of the on-board components illustrated in Figs. 1-4) to create an aligned and continuous

field of view 360, 360' having continuity at the adjacent edges of the fields of view 360, 360'. The

example in Fig. 8 shows continuous display by longitudinal edges corresponding exactly in

position to eliminate a gap between the fields of view 360, 360' such that the fields of view 360,

360' contact andor engage each other, and alignment between the corresponding lateral edges;

however, in some applications continuous display may not require such alignment of lateral edges,

for example, where the applicable footprint of the build subject may be covered by staggered,

adjacent fields of view. Similarly, in some applications, continuity of adjacent edges may consider

lateral edges contacting and/or engaging each other, and the longitudinal edges may have relative

positioning, whether aligned or staggered according to the particular application. In some

embodiments, continuous display may not require exact contact of adjacent edges but may include

reduction of the spacing between adjacent edges to a threshold spacing, for example, below 1 pixel

width; although the threshold spacing may be application specific, for example, within any suitable
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range of pixel widths from 0.1 to 10 pixels (for descriptive purposes, about 0.001 to about 0.10

inches).

[0033] Within the present disclosure, the field of view 360 of an individual module 100

is arranged to be larger than a footprint of the module 100. Referring briefly to Fig. 7, the field of

view 360 is larger than the footprint 363 of the module 100 in the x-y plane. Likewise the field of

view 360' is larger than the footprint of the corresponding module 100 in the x-y plane. Referring

briefly to Fig. 9, each field of view of each individual module 100 of the array is larger than the

footprint of the corresponding module. In the illustrative embodiment, the collective field of view

of the array constituting a display area is larger than the collective footprint of the modules 100 of

the array.

[0034] Figs. 9-10 illustrate an example of a 3D printing system 400, in which an array

405 of a plurality of patterning modules 410A, 410B, 410C, 410A', 410В', 410C', and 410A",

410B", 410C" are aligned (e.g., a 3x3 array of modules). As shown in Figs. 9-10, an observational

sensor 420 is configured to detect mis-alignment of positional indicator markers 430 associated

with the fields of view of each of the projectors included in the patterning module array 405.

[0035] Based on the relative positioning of these positional indicator markers 430 to

their neighbors, the observational sensor 420 of the 3D printing system 400 can detect that a middle

projection module 410B' is mis-aligned and must be relocated, as illustrated by the arrow in Fig.

9. A translation may then be performed of the position of the middle projection module 410B' to

affect, or perfect, the alignment positioning. Fig. 10 illustrates the resulting alignment after making

a x-y plane movement using the micro-positioner and stepper motors illustrated herein.

[0036] The observational sensor 420 may also include sensors and associated

computational and control software configured to recognize that spacing between positional

indicator markers on a single projector (i.e., left and right side of projection field of view) is either

too large or small. This may be considered an indication that the patterning module (in this case,

having a fixed focal length) is either under or over focused. Based on that indication and its

recognition, the computation and control software may make corresponding adjustments in the z-

axis for that projector. Observational sensor 420 may include image (e.g., photo, video, thermal,

infrared, UV, etc.), positional (e.g., radar, lidar, time-of-flight, etc), and/or other suitable sensor

devices.
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CLAIMS 

 

1. A patterning module for an additive manufacturing system as part of an array of 

patterning modules under common control by a controller that is remote to the array of patterning 

modules, the patterning module comprising: 

a micro-projector configured to project energy for performing energy patterning for 

additive manufacturing; and 

a multi-axis micro-positioning system to control x-direction, y-direction, and z-direction 

positioning of the micro-projector relative to micro-projectors of other patterning modules within 

the array of patterning modules, 

wherein the micro-positioning system includes a plurality of actuators configured to control 

positioning of the x-direction, y-direction, and z-direction and operated based on patterning data 

provided by the remote controller. 

 

2. The patterning module of claim 1, wherein the multi-axis micro-positioning system 

implements positioning of the micro-projector relative to micro-projectors of other patterning 

modules of the array to align fields-of-view for the micro-projectors of the array to generate a 

continuous display area. 

 

3. The patterning module of claim 2, wherein the multi-axis micro-positioning system 

implements positioning of the micro-projector according to automated control commands from the 

remote controller to automatically align a field-of-view of the micro-projector with at least one 

field-of-view of the other patterning modules of the array. 

 

4. The patterning module of claim 3, wherein the remote controller is arranged in 

communication with at least one sensor for collecting data to determine a relative position of one 

or more of the other patterning modules for aligning the field of view of the micro-projector with 

the micro-projector of at least one other patterning module of the array. 

 

5. The patterning module of claim 3, wherein automated control commands for the 

multi-axis micro-positioning system are generated by the remote controller using feed-back control 

information considering at least one of the micro-projector and the micro-positioning system. 
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6. The patterning module of claim 1, further comprising a micro-computer arranged 

in communication with at least one of the micro-projector and the multi-axis micro-positioning 

system for receiving control commands including the patterning data from the remote controller 

for controlling operation of at least one of the micro-projector and the multi-axis micro-positioning 

system. 

 

7. The patterning module of claim 6, wherein the patterning data received by micro- 

computer from the remote controller includes positional commands for the multi-axis 

micropositioner. 

 

8. The patterning module of claim 6, wherein the patterning data received by micro- 

computer from the remote controller includes a projection data set to be projected by the micro­ 

projector for additive manufacturing. 

 

9. A patterning module for an additive manufacturing system as part of an array of 

patterning modules under common control by a controller that is remote to the array of patterning 

modules, the patterning module comprising: 

a micro-projector configured to project energy for performing energy patterning for additive 

manufacturing;  

a multi-axis micro-positioning system to control positioning of the micro-projector relative to 

micro-projectors of other patterning modules within the array of patterning modules, wherein the 

micro-positioning system includes a plurality of actuators operated based on patterning data provided 

by the remote controller, and 

a micro-computer arranged in communication with at least one of the micro-projector and 

the multi-axis micro-positioning system for receiving control commands including the patterning 

data from the remote controller for controlling operation of at least one of the micro-projector and 

the multi-axis micro-positioning system,  

wherein communications between the micro- computer and remote controller are 

encrypted. 

 

10. The patterning module of claim 9, wherein encryption of the communications 

between the micro-computer and the remote controller includes encryption of vector strings sent 

to an address associated with the patterning module. 



24 

 

 

11. The patterning module of claim 10, wherein encryption includes application of 

symmetric encryption cypher. 

 

12. The patterning module of claim 9, wherein encryption includes application of one 

or more of cypher keys and token specific to the additive manufacturing system. 

 

13. The patterning module of claim 9, wherein encryption includes scrambling of at 

least one of x-y image plane data and z-image stack based upon at least one of data buffering 

frequency and data transmission speeds. 

14. An additive manufacturing device comprising: 

a device controller; and 

an array of patterning modules under common control of the device controller, wherein the 

device controller is arranged remote relative to the patterning module array, 

wherein each of the patterning modules within the array comprises: 

a micro-projector configured to project energy for performing energy patterning for 

additive manufacturing;  

a multi-axis micro-positioning system to control positioning of the micro-projector 

relative to micro-projectors of other patterning modules of the array of patterning modules, 

wherein the micro-positioning system includes a plurality of actuators operated based on 

patterning data provided by the device controller; and  

a micro-computer in communication with at least one of the corresponding micro-

projector and the corresponding multi-axis micro-positioning system, the micro-computer 

including memory storage and arranged for receiving and storing patterning data from the 

device controller for controlling operation of at least one of the corresponding micro-

projector and multi-axis micro­ positioning system. 

 

 

15. The additive manufacturing device of claim 14, wherein the micro-computer is 

arranged for receiving and storing projection patterning data from the device controller and is in 

communication with the corresponding micro-projector for controlling operation of the micro-

projector. 
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16. The additive manufacturing device of claim 14, wherein the multi-axis micro- 

positioning system implements positioning of one or more of the micro-projectors relative to at 

least one micro-projector of other patterning modules of the array to align fields-of-view for the 

micro-projectors of the array to generate a continuous display area. 

 

17. The additive manufacturing device of claim 16, wherein the multi-axis micro- 

positioning system implements positioning of the one or more micro-projectors according to 

automated control commands from the remote controller to automatically align fields-of-view for 

the micro-projectors of the array. 

 

18. The additive manufacturing device of claim 17, further comprising at least one 

sensor for collecting data, the at least one sensor arranged in communication with the device 

controller for determining relative location of one or more of the patterning modules for aligning 

one or more fields-of-view of the micro-projectors of the array. 

 

19. The additive manufacturing device of claim 18, wherein automated control 

commands for the multi-axis micro-positioning system are generated by the remote controller 

using feed-back control information considering at least one of the micro-projector and the micro­ 

positioning system. 

 

20. The additive manufacturing device of claim 15, wherein the patterning data 

received and stored by at least one micro-computer from the remote controller includes positional 

commands for the multi-axis micropositioner. 

 

21. The additive manufacturing device of claim 15, wherein the patterning data 

received and stored by at least one micro-computer from the remote controller includes a projection 

data set to be projected by the micro-projector. 

 

22. The additive manufacturing device of claim 14, wherein the communications 

between one or more of the micro-computers and remote device controller are encrypted. 

 

23. The additive manufacturing device of claim 22, wherein encryption includes 

encryption of vector strings sent to an address associated with the patterning module. 
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24. The additive manufacturing device of claim 23, wherein encryption includes 

application of symmetric encryption cypher. 

 

25. The additive manufacturing device of claim 22, wherein encryption includes 

application of one or more cypher keys specific to the additive manufacturing system. 

 

26. The additive manufacturing device of claim 22, wherein encryption includes 

scrambling of at least one of x-y image plane data and z-image stack based upon at least one of 

data buffering frequency and data transmission speeds. 

 

27. The additive manufacturing device of claim 14, wherein the patterning data 

includes synchronization data for synchronizing projection between different modules of the array. 

 

28. The additive manufacturing device of claim 14, further comprising a base mount 

configured to receive mounting of one or more patterning modules of the array. 

 

29. The additive manufacturing device of claim 28, wherein the base mount includes a 

number of connection ports, each connection port for communication with one of the patterning 

modules mounted on the base mount. 

 

30. The patterning module of claim 1, wherein the patterning data includes 

synchronization data for synchronizing projection between different patterning modules of the 

array. 

 

31. The patterning module of claim 1, wherein the field of view of the patterning 

module is larger than a footprint of the patterning module. 

 

32. The additive manufacturing device of claim 14, wherein a field of view of at least 

one of the patterning modules of the array is larger than a footprint of the at least one patterning 

module. 

 

33. A method of performing additive manufacturing comprising: 

controlling emission of projected energy by an array of a plurality of patterning modules 
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by a device controller that is remote to the patterning module array, wherein each of the patterning 

modules within the array includes a micro-projector configured to project energy for performing 

energy patterning; and 

controlling positioning of the micro-projector in the x-direction, y-direction, and z-direction 

relative to micro-projectors included in other patterning modules within the patterning module 

array using a multi-axis, micro-positioning system configured to control positioning of the x-

direction, y-direction, and z-direction, wherein the micro-positioning system includes a plurality of 

actuators operated based on instructions provided by the remote device controller. 

 

34. The method of claim 33, further comprising relaying data received from the remote 

device controller by a micro-computer coupled to the micro-projector and/or the multi-axis, micro­ 

positioning system to either the micro-projector or multi-axis micro-positioning system. 

 

35. The method of claim 34, further comprising encrypting the data sent between the 

micro-computer and remote device controller. 

 

36. The method of claim 35, wherein the multi-axis, micro-positioning system 

automatically controls positioning of the micro-projector relative to micro-projectors included in 

other patterning modules within the patterning module array so as to automatically align fields-of­ 

view for the micro-projectors of the patterning module array to generate a continuous display area. 

 

37. The method of claim 36, further comprising collecting data using a sensory element 

to determine the relative location of the patterning modules to provide alignment of the field of 

view of the micro-projector with a micro-projector of at least one other patterning module in the 

array. 

 

38. The method of claim 36, wherein the control of the multi-axis, micro-positioning 

system is performed using a feed-back loop that includes the micro-projector and/or the micro­ 

positioner. 
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