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DIGITAL LIGHT PROJECTOR HAVING INVISIBLE LIGHT CHANNEL

Background

[0001] In addition to projecting images for display, digital light projectors can perform

3D object scanning by employing structured or pactemed light scanning techniques.

According to such techniques, a known pattern of pixels, such as stripes, bars, or grids,

for example, is projected onto a scene or environment. When viewed from a perspective

other than that of the projector, the pattern is geometrically distorted due to the surface

shapes of the environment. The distorted pattem(s) are captured by sensors, such as

cameras, for example, and are used to determine 3D coordinates of the environment and

enable a geometric reconstruction of the surface shapes.

Brief Description of the Drawings

[0002] Figure 1 is a block and schematic diagram of a digital light projector system

according to one example.

[0003] Figure 2 is block and schematic diagram of a digital light projector according to

one example.

[0004] Figure 3 is an example of a pulse sequence for a conventional digital light

projector.

[0005] Figure 4 is a pulse sequence for a digital light projector according to one

example.

[0006] Figure 5 is a pulse sequence for a digital light projector according to one

example.

[0007] Figure 6 is a block and schematic diagram of a digital light projector system

according to one example.

[0008] Figure 7 is a block and schematic diagra of a digital light projector system

according to one example.

[0009] Figure 8 is a flow diagram illustrating a method of operating a digital light

projector system according to one example.



Detailed Description

[0010] In the following detailed description, reference is made to the accompanying

drawings whic form a part hereof, and in which is shown by way of illustration specific

examples in which the disclosure may be practiced. It is to be understood that other

examples may be uti lized a d 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.

[0011] Structured or patterned light scanning is a recognized technique for measuring

the three-dimensional shape of objects and surfaces in a scanned environment.

Structured light scanning includes a known pattern of pixels, such as stripes, bars, or

grids, for example, onto a scene or environment. When viewed from a perspective other

than the projector, the pattern is geometrically distorted due to the surface shapes of the

environment onto which the pattern is projected. The distorted pattem(s) are captured

by sensors, such as cameras, for example, with 3D coordinates of the environment being

determined from the captured images and enabling a 3D geometric reconstruction of

object and surface shapes in the scanned environment.

[0012] Digital light projectors (DLPs) can be employed for such scanning by projecting

visible light patterns onto an object or environment to be scanned. Such scanning is

employed by DLPs for various purposes, such as, for example, to provide color

scanning of 3D objects, or to provide depth information of a projection surface so that

pixels can be "pre-distorted" in order for projected images to appear undistorted even

when projected on uneven surfaces.

[0013] Because the projected patterned light can be visually unappealing or can detract

from or interfere with other projected images, some DLP systems employ invisible light

(i.e. imperceptible to human vision), such as infrared light, for example, to project

structured light patterns. However, i order to project both a user or display image and

structured light patterns, such DLP systems employ two separate projectors - a visible



light projector for the user or display image an an infrared projector for the structured

light patterns.

[0014] Figure 1 is a block and schematic diagram of a digital light projector (DLP)

system 30, in accordance with one example of the present disclosure, which integrates

an invisible light source as an additional color channel in a multi-channel color DLP

projector so that structured light patterns are projected by a same projecting device (e.g.

a digital micro-mirror device (DMD)) to provide 3D depth sensing and 3D object

scanning using v sib e and/or i isible light w hout requiring a separate projecting

devices for the visible and invisible color channels n one example, as described later

herein, DLP system 30 provides a 3D sensing enabled interactive projected display or

user interface.

[0015] DLP projector system 30 includes a DLP 40, a sensing system 50, and a control

module 60. DLP projector 40 includes a projecting device 42 and a plurality of color

channels 44 providing light 46, with the plurality of light sources 44 including at least

one color channel providing visible light sources, and at least one color channel

providing invisible light. In one example, as illustrated by Figure I DLP projector 40 is

a 4-channel projector with the plurality of color channels 44 including first, second, and

third color channels 44a, 44b, and 44c respectively providing red light 46a, green light

46b, and blue light 46c, and a fourth color channel 44d providing invisible light 46d,

such as infrared light, for example.

[0016] one example, the light sources employed by color channels 44a-44d are laser

diodes (e.g. red, green, and blue laser diodes and an infrared laser diode). In one

example, invisible color channel 44d provides infrared light having a wavelength in a

range from 1 µ (near-infrared) to 1,000 µη (far-infrared). In one example, a particular

wavelength of infrared light employed by invisible color channel 44d is selected so as to

be a wavelength least likely to match and be contaminated by ambient infrared light

from infrared sources in environment 72. In other examples, invisible color channel 44d

may employ suitable invisible light sources other than infrared light.

[0017] Projecting device 42 receives and controllabiy directs light 46a-46d from the

plurality of color channels 44 to project light 48 into an environment 72 (e.g. a video

screen) which forms a video image 70 thereon. In one example, video image 70

includes both a visible image and an invisible image. In one example, projecting device



42 is a mircoelectromechanical system (MEMS) based digital micro-mirror device

(DMD). In one example, DLP projector 40 includes one DMD for each of the four

color channels 44a-44d. In other examples, projecting device 42 comprises other

suitable light projecting devices, such as a rotating mirror or a liquid-crystal on silicon

(LCoS) device, for example.

[00 8] Sensing system 50 receives light, both visible and invisible, from environment

72, including reflected light 52 from projected image 70 and ambient light 53 present

from other sources in environment 72, including both visible and invisible light, such as

infrared light, for example. In one example, sensing system 50 includes at least one

sensor 54 for receiving yisible light from environment 72 and at least one sensor 56 for

receiving invisible light from environment 72. in one example, sensor 54 is a visible

light camera configured to receive visible light from environment 72 to form a visibie

light image, and sensor 56 is an invisible light camera, such as an infrared camera

configured to receive invisible light from environment 72 (e.g. infrared light) to form an

invisible light image. In one example, sensor 56 is sensitive to whatever wavelength of

invisible light is being provided by invisible color channel 44d. In one example, as

indicated at 58, the visible and invisible light images which are captured by sensing

system 50 are provided to control module 60.

[0019] In other examples, more than one sensor 54 for receiving visible light and more

than one sensor 56 for receiving invisible light are used, with the sensors being offset at

different positions from projected light output 48 to receive visible and invisible light at

different perspectives from one another and from projected light output 48. In one

example, sensing system 50 includes a single broadband sensor for detecting both

visible and invisible light, with the visible and invisible light data detected by the

broadband sensor being provided as separate color channels to control module 60.

[ 2Θ] Control module 60, according to one example, includes a processing unit 62 and

a memory 64, with memory 64 inciuding one or more modules 66 having executable

instructions for performing various functions, which are described in greater detail

below. For instance, in one example, memory 64 includes a projection data module

(PDM) 66a for providing video projection data 68 to DLP projector 40 for projection

thereby, a depth data extraction module 66b for analyzing image dat 58 received from

sensing system 50, and a synchronization module 66c sending/receiving synchronization



information for synchronizing visible and invisible light sensors 54 and 54 with image

frames of video image 70 formed by light output 48 of DLP projector 40. In one

example, control module 60 includes an ir p u ' utput (I/O) module 65 for receiving

input data (e.g. RGB video) and sending output data (e.g. scanned images, as described

below) from/to external devices, such as a laptop, for example, as indicated at 69.

[0021 ] Figure 2 is a block and schematic diagram generally illustrating DLP projector

40, according to one example, where projecting device 42 is a MEMS-based DMD 42

having an array of micromirrors 43. DMD 42 receives light 46a-46b from the plurality

of 4-color channels 44, and controllably directs light 48 in the form of an array of pixels

onto environment 72 to form video image 70. In one example, each micromirror of the

array of micromirrors 43 corresponds to and forms one pixel of video image 70.

[0022] Video image 70 is formed by a series of image frames, with each image frame

formed by the array of pixels projected by DMD 42. In one example, to form the each

pixel of each frame DMD 42, via control of the individual mirrors of the array of

micromirrors 43, sequentially projects a series of light pulses from light 46a-46d from

each of the color channels 44a-44d. According to one example, video image 70

includes a visible image and an invisible image, with light pulses from visible color

channels 46a-46c forming the visible image, and light pulses from invisible color

channel 46d forming the invisible image.

[0023] In a DLP projector, such as a conventional 3-color channel DLP projector with

red, green, and blue color channels, each pixel in a image or image frame has intensity

values for the red, green, and blue components that together form the pixel. To achieve

the intensity values for each component, each of the mirrors of the array of micromirrors

43 of DMD 42 are controlled to rapidly turn on and off (i.e. turned toward or away from

the projection environment 72) to create light pulses which together form the desired

intensity. The process of rapidly controlling the on/off state of the micromirrors is

sometimes referred to as a pulse sequence or mirror flip sequence.

[0024] Figure 3 generally illustrates an example a pulse sequence for a pixel 80 of a

sequence of pixels forming a frame 82 of a video image for a conventional 3-color

channel (e.g. red-green-blue) DLP projector, with the horizontal axis representing time.

In the example of Figure 3, pulse sequence 80 includes one segment for each color

channel, with a segment 84 for the red color channel, a segment 86 for the green color



channel, and a segment 88 for the blue color channel. Pulse sequence 80 has a duration

Tp, with the red, green, and blue segments respectively having durations indicated as T

To, T B. In a conventional 60 Hz projector, pulse sequence 80 has a duration, Tp, of

approximately 16.7 milliseconds, for example. While the durations for each of the color

channel segments 84, 86 and 88 are illustrated as being approximately equal, in other

examples, each of the color channel s segments 84, 86, and 88 may have different

durations. For instance, in one example, T may be greater than T B and T B may be

greater than T .

[0025] In Figure 3, each of the dark regions or pulses represents a light pulse being

generated by the DLP projector indicating that the corresponding mirror for the pixel

being formed by pulse sequence 80 is in the "on" position (i.e. tilted toward the

projection environment, such as projection environment 72. The "light" or unshaded

regions represent the mirror being in the "off position (i.e. tilted away from the

projection environment). The intensity of the color required to be generated determines

the "on" and "off times of the color pulses. For example, for a pixel having a red color

intensity of 128 out of 256, for instance, the mirror or light pulses may be "on" about

50% of the duration T of red segment 84.

[0026] Figure 4 generally illustrates an example of pulse sequence 90 as employed by

DLP projector 40 in accordance with one example of the present disclosure. The

example pulse sequence 90 represents an implementation of DLP projector 40 having 4-

channeis including first, second, and third color channels 44a, 44b, and 44c respectively

providing red, green, and blue light, and fourth color channel 44d providing infrared

light, such as illustrated by Figure 1. Pulse sequence 90 for DLP projector 40 is similar

to pulse sequence 80 for a conventional 3-channel DLP projector, except that in addition

to segments 84, 86, and 88 for red, green, and blue light pulses pulse sequence 90

further includes a segment 92 for infrared light pulses.

[0027] Similar to pixel pulse sequence 80, pixel pulse sequence 90 has a duration T ,

with the red, green, blue, and infrared segments 84, 86, 88, and 92 respectively having

durations indicated as TR, TQ, , and T . As before, using a 60 Hz projection

frequency, pixel pulse sequence 90 has a duration, Tp, of approximately 16.7

milliseconds, for example. Similarly, while the durations for each of the color channel

segments 84, 86, 88, arid 92 are illustrated as being approximately equal, in other



examples, each of the color channels segments 84, 86, 88, and 92 may have different

durations.

[0028] Figure 5 generally illustrates another example of pulse sequence 90 for DLP

projector 40 in accordance with one example of the present disclosure. According to the

example of Figure 5, in ieu of employing a single segment for each color channel, each

of the segments are divided into sub-segments, with red color channel 44a having first

and second pulse sub-segments 84a and 84b, green color channel 44b having first and

second pulse sub-segments 86a and 86b, blue color channel 44c having first and second

pulse sub-segments 88a and 88b, and infrared color channel 44d having first and second

pulse sub-segments 92a and 92b. The sub-segments for each color channel may have

different durations, for example, durations T and T 2 for sub-segments 84a and 84b

for re color channel 44a may have different durations. Again, the four color channels

may also have different total durations. For example the combined durations T B I and

TB of pulse sub-segments 88a and 88b of blue color channel 44c may be different than

the combined durations of TGI and T 2 of pulse sub-segments 86a and 86b of green

color channel 44b.

[0029] By integrating an invisible color channel as an additional channel in a multi

channel color DLP projector, and by interleaving the projection of invisible light with

the visible light of each pixel, a DLP projector according to examples of the present

disclosure (such as 4-color DLP projector 40 having red, green, blue, and infrared colors

channels as described above) is ab e to project a video image, such as video image 70,

having both a visible image and an invisible image with one projecting device (such as

DMD projecting device 42) and does not require separate projecting devices for visible

and invisible light channels. DLP projection system 30, according to the present

disclosure is able to user interactive projected displays or user interfaces, and can

perform 3D depth scanning and 3D object scanning via visible and/or non-visible

wavelengths

[0030] Figure 6 is a block and schematic diagra illustrating a example of DLP

system 30, according to the present disclosure, providing a 3D sensing enabled

interactive user interface. In one example, DLP projector 40 projects a video image 70

onto environment 70, such as a screen or surface of a desk, for example, wherein

visible light (e.g. red, green, blue) from visible color channels 44a-44c forms a visible



image portion representing a user display or interface 00 including a plurality of icons,

such as icons 102, 104, 106, and 108, and wherein infrared light from invisible light

channel 44d is forms an invisible structured light pattern. As described below, a user

100 as illustrated by a hand in Figure 6, is able to interact with projected user interface

100 (e.g. graphical user interface (GUI)).

[0031 ] Visible light camera 54 and infrared camera 56 of sensing system 50

respectively obtain visible and infrared light images (i.e. a structured infrared light

pattern in this example) from video image 70, of user 0, and environment 72 in the

vicinity of video image 70. Visible light camera 54 and infrared camera 56 may obtain

images of individual frames of video image 70 and/or a series of successive frames of

video image 70, with visible and infrared light cameras 54 and 56 being synchronized

with projected video image 70 by synchronizing information 67 from synchronizing

module 66c. The visible and invisible light images obtained by sensing system 50 are

provided to control module 60 at 58.

[0032] n one example, depth extraction module 66b receives invisible light images of

the structured infrared light pattern projected onto environment 72 as obtained by

infrared camera 56, and employs structured light pattern techniques to obtain depth

information of environm ent 72 based on deformation of the structured light pattern. In

one example, a 3D data module 66d merges or texture maps, or otherwise combines,

depth data obtained from invisible light images with visible light images obtained by

visible light camera 54, to for a 3D map of environment 72, including user interface

100 and user 110.

[0033J is noted that ambient light 53, both visible and infrared, from sources in

environment 72 can contaminate the visible and invisible light images obtained by

visible and infrared cameras 54 and 56 In one example, control module 60 such as via

depth extraction module 66b and 3D data module 66c, accounts for such light

contamination by comparing visible and infrared light images obtained by visible and

infrared cameras 54 and 56 before projection of video image 70 to visible and infrared

light images obtained after projection of video image 70 and subtracting the ambient

light.

[0034] In one example, an object recognition module 66e processes information from

the 3D map formed by 3D data module 66d to identify objects within environment 72,



including gestures made by user 1 0 Such identification can be done using any one of

a number of suitable algorithms such as gesture recognition algorithms, facial

recognition algorithms, object recognition algorithms, and object tracking algorithms,

for example. In one example, based on recognition of a gesture by user 00 (e.g.

pointing or tapping, for example) and the positioning of such gesture relative to user

interface 100, such as over icon 04, for example, identification of a user input can be

detemiined, such as selection of icon 104. In one example, based on the identification

of such user input, control module 64, such as via projection data module 66a, modifies

the projected image 70 to reflect the user input (e.g. proceed to the next screen of the

user interface 100).

[0035] By projecting a user interface 00 using the visibie color channels 44a-44c, and

by projecting an structure infrared light pattern using infrared color channel 44d from

which depth data is determined, DLP projector system 30 provides an interactive

projected user interface with a single DLP projector employing a single projecting

device 42 (e.g. D D 42).

[0036] Figure 7 is a block and schematic diagram illustrating an example of DLP

system 30, according to the present disclosure, providing 3 object scanning using

visible and/or invisible light simctured light patterns. In one example, an object, such as

a ball 120, is placed in a field of view of DLP projector system 30. in one example,

DLP projector 40, via DMD 42, projects a video image 70 onto the object(s) to be

scanned, such as ball 120, wherein visible light (e.g. red, green, blue) from visible color

channels 44a-44c forms a visibie structured light pattern (e.g. vertical stripes), and

invisible light (e.g. infrared) from invisible color channel 44d forms an invisible

structured light pattern). In one example, a different visible structured light pattern

having a different orientation is projected for each of the visible color channels 44a-44c .

[0037] Visible and invisible cameras 54 and 56 of sensing system 50 respecti vely

capture one or more images of the visibie structured light pattern(s) and the structured

infrared light pattern. Visibie light camera 54 and infrared camera 56 may obtain

images of individual frames of video image 70 and/or a series of successive frames of

video image 70, with visible and infrared light cameras 54 and 56 being synchronized

with projected video image 70 by synchronizing information 67 from synchronizing



module 66c The visible and invisible light images obtained by sensing system 50 are

provided to control module 60 at 58.

[0038] In one embodiment, depth extraction module 66b receives the images of the

visible and invisible structured light patterns from sensing system 50, and employs

structured light pattern techniques to extract depth information for the scanned object

(e.g. ball 120). By employing by visible and invisible structured light patterns for depth

mapping purposes, more accurate depth data may be obtained than by using either a

visible or an invisible structured light pattern alone.

[0039] n one example, based on the depth data extracted from the structured visible and

invisible light patterns, 3D data module 66d constructs a 3D image of the scanned object

(e.g. ball 120). In one example, 3D data module 66d merges or texture maps, or

otherwise combines, depth data from depth extraction module 66b with the visible light

images obtained by visible light camera 54, to form a 3D color image of the scanned

obj ect

[0040] n other embodiments, rather than using both visible and invisible structured

light patterns, 3D scanning may be performed by using only structured invisible light

patterns or only structured visible light patterns. As such, by integrating a fourth,

invisible color channel in DLP projector 40, DLP projector system 30 according to the

present disclosure provides 3D depth sensing and 3D object scanning using visible

and/or invisible light without requiring a separate projecting devices for the visible and

invisible color channels.

[0041] Figure 8 is a flow diagram illustrating one example of a method 130 of operating

a DLP projector employing an invisible ligh color channel according to the present

disclosure. At 32, method 30 includes providing a plurality of color channels, such as

color channels 44, including at least one visible color channel providing visible light and

at least one invisible color channel providing invisible light. At 134, method 130

includes sequentially projecting a series of light pulses from light provided by each of

the plurality of color channel s with one projecting device, such as projecting device 42

(e.g. a DMD device) to form each pixel of an array of pixels projected o to an

environment, wherein the array of pixels together form an image, with light pulses from

the at least one visible color channel forming a visible portion of the image and light



pulses form the at least one invisible color channel forming an invisible portion of the

image.

[0042] Although not illustrated, in one example, providing a plurality of color channels

at 132 includes providing three visible color channels; a first color channel providing

red light, a second color channel providing green light, and providing a third color

channel providing blue light; and providing a fourth c or channel providing infrared

light. In one example, sequentially projecting a series of light pulses from light

provided by each of the plurality of color channels, at 34, includes providing to the one

projecting device a pulse sequence for each pixel having a pulse segment for each of the

plurality of color channels, including the at least one invisible color channel, such as

illustrated by the pulse sequence of Figure 4, for example. In one example, forming the

invisible image at 34 includes forming a structured light pattern with light pulses from

the at least one invisible color channel.

[0043] In one example, forming the visible portion of the image includes forming a

graphical user interface, with method 0 further including: extracting three-

dimensional depth dat from the environment based at least on the structured light

pattern formed light pulses from the at least one invisible color channel; identifying user

interaction with the graphical user interface projected onto the environment by the one

projecting device; and changing the graphical user interface projected onto the

environment based on the identified user interaction, such as illustrated by the example

of Figure 6, for instance.

[0044] In one example wherein forming the visible portion of the image comprises

forming a structured light pattern, method 130 further includes performing 3D depth

scanning and 3D object scanning of an object in the environment onto which the visible

and invisible structured light patterns are projected based on at least one of the visible

structured light pattern and the invisible structured ight pattern, such as illustrated by-

Figure 7, for example.

[0045] 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

limited only by the claims and the equivalents thereof.



CLAIMS

1. A digital light projector comprising:

a plurality of color channels including at least one visible color channel

providing visible light and at least one invisible color channel providing invisible light;

and

a projecting device projecting light from the plurality of color channels onto an

environmen t in the form of an array of pixels which together form a video image

including a visible i age and an invisible image, the video image comprising a series of

frames with each frame formed by the array of pixels, wherein to form each pixel of

each frame the projecting device sequentially projects a series of light pulses from light

provided by each of the plurality of color channels, with light pulses from the at least

one visible color channel forming the visible image and light pulses from the at least one

invisible color channel forming the invisible image.

2. The digital light projector of claim 1, wherem the plurality of color channels

includes a first channel providing red light, a second channel providing green light, a

third color channel providing blue light, and a fourth color channel provides invisible

light.

3. The digital light projector of claim 1, wherem the invisible color channel

provides infrared light.

4. The digital light projector of claim , wherein the projecting device comprises a

microeiectomechanical system based digital micromirror device.

5. The digital light projector of claim , wherein the invisible image comprises a

structured light pattern to enable the digital light projector to perform 3D depth sensing

and 3D object scanning using invisible light.



6. The digital light projector of claim 5, wherein the visible image comprises a

graphical image.

7. The digital light projector of claim 5. wherein the visible image comprises a

structured light pattern to enable the digital light projector to perform 3D depth sensing

and 3D object scanning using visible light and/or invisible Sight.

8. A method of operating a digital Sight projector comprising:

providing a plurality of color channels including at least one visible color

channel providing visible light and at least one invisible color channel providing

invisible light;

sequentially projecting a series of light pulses from light provided by each of the

plurality of color channels with one projecting device to form each pixel of an array of

pixels projected onto an environment, wherein the array of pixels together form an

image, with light pulses from the at least one visible color channel forming a visible

portion of the image and light pulses form the at least one invisible color channel

forming an invisible portion of the image.

9. The method of claim 8, wherein providing the at least one visible color channel

includes providing a first color channel providing red light, a second color channel

providing green light, an providing a third color channel providing blue light, and

wherein providing the at least one invisible color channel includes providing a fourth

color channel providing infrared Sight.

10. The method of claim 8, wherein sequentially projecting a series of light pulses

from light provided by each of the plurality of color channels includes providing to the

one projecting device a pulse sequence for each pixel having a pulse segment for each of

the plurality of color channels, including the at least one invisible color channel.

1 . The method of claim 8, wherein forming the invisible portion of the image

comprises forming structured light pattern with light pulses from the at least one

invisible color channel.



12. The method of claim 11, wherein forming the visible portion of the image

comprises forming a graphical user interface, wherein the method further includes:

extracting three-dimensional depth data from the environment based at least on

the structured light pattern fomied light pulses from the at least one invisible color

channel;

identifying user interaction with the graphical user interface projected onto the

environment by the one projecting device; and

changing the graphical user interface projected onto the environment based on

the identified user interaction

13. The method of claim 11, wherein forming the visible portion of the image

comprises forming a structured light pattern, and wherein the wherein the method

further includes:

performing 3D depth scanning and 3D object scanning of an object in the

environment onto which the visible and invisible structured light patterns are projected

based on at least one of the visible structured light pattern and the invisible structured

light pattern.

14. A digital light projector system comprising:

a digital light projector including:

a plurality of color channels including at least one visible color channel

providing visible light and at least one invisible color channel providing

invisible light; and

a projecting device projecting light from the plurality of color channels

onto an environment in the form of an array of pixels which together form a

video image including a visible image and an invisible image, the video image

comprising a series of frames with each frame formed by the array of pixels,

wherein to form each pixel of each frame the projecting device sequentially

projects a series of light pulses from light provided by each of the plurality of

color channels, with light pulses from the at least one visible color channel



forming the visible image and light pulses from the at least one invisible color

channel forming the invisible image;

a sensing system including a least one sensor for sensing visible light and at

least one sensor for sensing the invisible light provided by the at least one invisible color

channel; and

a controller configured to extract three-dimensional depth data from the

environment based at least on sensed invisible light from the at least one sensor sensing

invisible light.

15 The digital light projector system of claim 14, wherein for each pixel, the

projecting device project the series of light pulses from light from each of the plurality

of color channels, including the at least one invisible color channel, based on a pulse

sequence for each pixel having a pulse segment for each of the plurality of color

channels, including the at least one invisible color channel
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1. A digital light projector comprising:

a plurality of color channels including at least one visible color channel providing

visible light and at least one invisible color channel providing invisible light; and

a projecting device projecting light from the plurality of color channels onto an

environment in the form of an array of pixels which together form a video image including a

visible image and an invisible image, the video image comprising a series of frames with

each frame formed by the array of pixels, wherein to form each pixel of each frame the

projecting device sequentially projects a series of light pulses in a pulse sequence from light

provided by the plurality of color channels, the pulse sequence including a plurality of time

segments for the respective plurality of color channels, with light pulses from the at least one

visible color channel forming the visible image and light pulses from the at least one invisible

color channel forming the invisible image.

2 . The digital light projector of claim 1, wherein the plurality of color channels includes

a first channel providing red light, a second channel providing green light, a third color

channel providing blue light, and a fourth color channel provides invisible light.

3 . The digital light projector of claim 1, wherein the invisible color channel provides

infrared light.

4 . The digital light projector of claim 1, wherein the projecting device comprises a

microelectomechanical system based digital micromirror device comprising an array of

micromirrors, wherein a given micromirror of the array of micromirrors is controllable

between an on position and an off position to produce the pulse sequence for a given pixel of

the array of pixels.

5 . The digital light projector of claim 1, wherein the invisible image comprises a

structured light pattern to enable the digital light projector to perform 3D depth sensing and

3D object scanning using invisible light.

6 . The digital light projector of claim 5, wherein the visible image comprises a graphical

image.



7 . The digital light projector of claim 5, wherein the visible image comprises a

structured light pattern to enable the digital light projector to perform 3D depth sensing and

3D object scanning using visible light and/or invisible light.

8 . A method of operating a digital light projector comprising:

providing a plurality of color channels including at least one visible color channel

providing visible light and at least one invisible color channel providing invisible light;

sequentially projecting a series of light pulses in a pulse sequence from light provided

by the plurality of color channels with one projecting device to form each pixel of an array of

pixels projected onto an environment, the pulse sequence including a plurality of time

segments for the respective plurality of color channels, wherein the array of pixels together

form an image, with light pulses from the at least one visible color channel forming a visible

portion of the image and light pulses form the at least one invisible color channel forming an

invisible portion of the image.

9 . The method of claim 8, wherein providing the at least one visible color channel

includes providing a first color channel providing red light, a second color channel providing

green light, and providing a third color channel providing blue light, and wherein providing

the at least one invisible color channel includes providing a fourth color channel providing

infrared light.

10. The method of claim 8, wherein sequentially projecting the series of light pulses from

light provided by the plurality of color channels includes providing to the one projecting

device the pulse sequence for each pixel.

11. The method of claim 8, wherein forming the invisible portion of the image comprises

forming a structured light pattern with light pulses from the at least one invisible color

channel.

12. The method of claim 11, wherein forming the visible portion of the image comprises

forming a graphical user interface, wherein the method further includes:

extracting three-dimensional depth data from the environment based at least on the

structured light pattern formed with light pulses from the at least one invisible color channel;



identifying user interaction with the graphical user interface projected onto the

environment by the one projecting device; and

changing the graphical user interface projected onto the environment based on the

identified user interaction.

13. The method of claim 11, wherein forming the visible portion of the image comprises

forming a structured light pattern, and wherein the wherein the method further includes:

performing 3D depth scanning and 3D object scanning of an object in the

environment onto which the visible and invisible structured light patterns are projected based

on at least one of the visible structured light pattern and the invisible structured light pattern.

14. A digital light projector system comprising:

a digital light projector including:

a plurality of color channels including at least one visible color channel

providing visible light and at least one invisible color channel providing invisible light; and

a projecting device projecting light from the plurality of color channels onto

an environment in the form of an array of pixels which together form a video image including

a visible image and an invisible image, the video image comprising a series of frames with

each frame formed by the array of pixels, wherein to form each pixel of each frame the

projecting device sequentially projects a series of light pulses in a pulse sequence from light

provided by the plurality of color channels, the pulse sequence including a plurality of time

segments for the respective plurality of color channels, with light pulses from the at least one

visible color channel forming the visible image and light pulses from the at least one invisible

color channel forming the invisible image;

a sensing system including at least one sensor for sensing the visible light and at least

one sensor for sensing the invisible light provided by the at least one invisible color channel;

and

a controller configured to extract three-dimensional depth data from the environment

based at least on sensed invisible light from the at least one sensor sensing invisible light.

15. The digital light projector system of claim 14, wherein the plurality of color channels

include a first channel providing first visible color light and a second channel providing

second visible color light.
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