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(57) Abstract: Examples of creating moving light patterns in a light pipe having a plurality of Light Emitting Diodes (LEDs) are
described. Inanexample, a plurality of keyframes is obtained. The plurality of keyframes define the moving light pattern. Eachkeyframe
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MOVING LIGHT PATTERNS CREATION

BACKGROUND
[6061] Eiectronic devices, such as printers, may display light based
patterns or animations to indicale operational states of the slecironic
devices. For example, a specific light pattern may be displaved o indicate
a switching ON state, a switching OFF state, an error siate, stc., of the
electronic devices.

BRIEF DESCRIPTION OF DRAWINGS

[0002] The following detailed description references the drawings.
wherein:
[0003] FiG. 1 illustrates a block diagram of a device to create a

moving light pattern, according {o an example;

[0004] FiG. 2 illustrates a block diagram of a device o create a
moving light pattern, according {o an example;

[0005] FIGS. 3A and 3B iflustrate a plurality of kevframes for creating
moving light patterns, according to various exampiles;

[00086] FIG. 4 illustrates a flow chart depicting & method for creating

a moving light pattern, according to an example;

(0007} FiG. 5 illustrates a flow chart depicting 2 method for creating

g moving ight pattern, according 1o an example,; and

[0008] FIG. 6 illustrates a system environment implementing a non-
transitory computer readable medium for crealing a moving light patlern,

according to an example.

DevaiLed DESCRIPTION
[0008] To create a moving light pattern, an electronic device may
inciude a plurality of light emitting diodes (LEDs) placed within a light pipe
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or light diffuser. The moving light pattemn s formed by a sequental
combination of illumination of the pluralily of LEDs in the light pipe.
Generally, a brighiness of the LEDs varies based on characteristics of the
tight pipe. Examples of the characteristics of the light pipe include, but are
not Bmited o, thickness of the light pipe, a shape of the light pipe, and &
fength of the light pipe. Thus, the light pipe atienuates the brighiness of the
LEDs and to some extent a color of the LEDs. As a result, a user may not
be able to perceive effective brightness and color of the LEDs when
displaved,

[0010] As perceived by the human aeye, a sequential combination of
lumination of LEDs may be characterized by rapid andfor abrupt
flumination and darkening of LEDs. In contrast to rapid or abrupt
flumination patiems, there may be a desire 10 generale a sequential
ilumination of LEDs characterized by smooth iumination and darkening of
LEDs. Taking, by way of illustration, display of a moving light pattern
CoOMpnsing a moving spot may not be perceived as being smeooth. This may
be due to LED spacing, such as if LEDs are spaced apart from gach other.
Moving light patterns characterized by rapid andfor abrupt iflumination and
darkening of LEDs may adversely affect the user experience. In one
example, the display of the moving spot may be made smooth, such as by
placing LEDs closely to each other. Reducing spacing between LEDs may
lead to an increased number of LEDs in the light pipe.

[0011] in addition, in embedded systems with light patterns coded in
firmware, changes made to firmware code have {¢ be deployed to the
electronic device implementing the firmware. As such, modifying light
patterns in real-ime may present cerlain challenges. For instance, the
electronic device may have 1o be restarted for changes in light patterns to
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iake effect, However, in some cases restaring the electronic device may
not be feasible and may affect the user experience.

[0012] The present subject matier describes a method and a device
for creating a moving light pattern in a light pipe having a plurality of light
emitling dicdes {(LEDs). The present subject matier provides a smooth
moving light pattern with a limited number of LEDs. in addition, the moving
light pattem may be modified in real-time, such as without restarting the
device.

[0013] In an example implementation, the moving light paltem s
created by a plurality of keyframes. The term “keyframe” refers 1o signals
and/or states in the form of a data construct that are indicative of g sequence
of illumination of the LEDs. Further, each of the plurality of kevframes is
associated with a set of color paleties. A color paletie is indicative of red-
green-blue {RGB) #lumination values of an LED. In an example, each color
palette of each keyirame is associated with a corresponding LED from the
plurality of LEDs. In an example, the plurality of keyframes is defined by a
user and i based on characteristics of the light pipe. The plurality of
keyframes may be siored, such as in a8 mamory of the device, for later
reference.

[0014] A plurality of keyframes may be used to create a moving light
patiernin g light pipe. Rather than reducing spacing between LEDs, another
method for achieving smooth movement of the light pattern may comprise
use of a linear interpolation, at run-time, between two keyframes of the
plurality of keyframes. The linear interpolation provides g plurality of
interpolated frames. The keyframes may represent reference points
defining a path of an animation, such as a light pattern. The keyframes are
defined by a developer or designer of the animation and are encoded in the
firmware. Thus, the keyframes are static in nature, &.g., cannot be changed.
The interpolated frames, on the ather hand, are generated instantaneously
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at run-time in betwesn any two keyframes of the animation. The number of
interpolated frames betweean two kevirames is defined by the developer or
designer of the animation.

[0015] in an example, the linear interpolation is performed at a pre-
defined frame rate that may be specified for each moving light patiern. In an
example, each interpolated frame from the plurality of interpolated frames
corresponds to interpolated RGB illumination values of each LED, in
between the two keyframes. The interpolated RGB #llumination values are
ohiained by dividing a difference of the RGB illumination values of a specific
LED of the two keyframes by a number of interpolated frames. Thereafter,
the RGB llumination value of the particular LED is incremented by the resuit
of the division across the intemolaied frames.

[001€6] Thereafter, based on the RGB iflumination values of the
plurality of keyframes and interpolated RGE #lumination vaiues of the
interpolated frames, the plurality of LEDs is ifluminated to create the moving
light pattern. In an example, lllumination of the plurality of LEDs include
supplying a pre-defined current to the plurality of LEDs. Values pertaining
1o the pre-defined current may be stored a3 a lock-up table or set of took-
up tables in the electronic device.

[0017] in an aspedct, s user may modify the RGE illumination values
of each LED. The modified RGE dlumination values may be slored in a
tamporary file. When the temporary file s impored in the device, the
firmware may access the {emporary file {o relrieve the RGB illumination
values. As g result, the moving light pattern is modified in real-time, without
restarting the device and thereby saving cost and time associated with
deployment of new firmware when any modification is o be done.
Accordingly, the present subjest maflier enables creation of 8 smooth
moving light paftemn, sven with a limited number of LEDs. Further, the
present subject matter enables in modifying the light pattern in reat time.
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[0018] The present subject matter is further described with reference
o the accompanying figures. Wherever possible, the same reference
numerals are used in the figures and the following description to refer to the
same or similar pars. it should be noted that the description and figures
mersly Hlustrate principles of the present subject matter. H is thus
understood that various arrangements may be devised that, although not
explicitly described or shown herein, encompass the principles of the
present subject matter. Moreover, all statements herein reciting principles,
aspects, and examples of the present subject matter, as well as spedcific
examples thereof, are inlended to encompass equivalents thereof.

[0019] The manner in which the systems and the methods for
creating a moving light pattern are implemented are explained in detail with
respect to FIGS. 1-8. While aspecdis of described systems and methods for
creating a moving light pattern can be implemented in any number of
different compuding systems, environments, and/or implementations, the
examples are described in the context of the following systemy(s).

[0020] FiG. 1 #lustrates a block diagram of a device 100 to create a
moving light pattern, according to an example. Examples of the device 100
may include, but are not limited 1o, a printer, an automotive lighting,
commercial displays, computer monitors, and televisions. The device 100
includes a light pipe 102 having a plurality of light emilting divdes (LEDs)
104 to create the moving Hight pattem. A moving light pattern is a sequential
combination of illumination of the plurality of LEDs 104 in the light pipe 102,
in an example, the light pipe 102 may be made of a plastic materigl. The
light pipe 102 directs all the light therethrough to create an even lighting
effect when all LEDs 104 are dluminated.

[0021] Further, the device 100 includes an input engine 108 and a
control engine 108. The input engine 106 and the control engine 108,
amongst other things, include routines, programs, objects, components,
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and data structures, which, when execuled by a processing unit, may
paerform particular tasks or implement particular absiract data types. The
inpuf engine 106 and the control engine 108 may also be implemented as,
signal processor(s), state machine(s), logic circuitries, andior any other
device or component that manipulates signals based on operational
instructions. Further, the input engine 108 and the control engine 108 can
be implemented by hardware, by computerreadable instructions executed
by a processing uni, or by a combination thersof,

[0022] in an example, the moving hight pattern is created from a
piurality of keyframes. A keyframe indicates signals andfor states in the form
of a data construct that are indicative of a sequence of iHlumination of the
LEDs 104 inthe light pipe 102, The input enging 106 may obtain the plurality
of keyframes. in an example, the input engine 106 may obiain the
keyframes from a memaory (nhot shown) of the device 100. Further, each
keyframe is associated with a set of color palettes. Each color paletie is
indicative of red-green-blue (RGB) illumination values of an LED from the
plurality of LEDs 104, In an example implementation, the color palettes may
be pre-defined and may be stored in the memory of the device 100. Thus,
the input engine 106 may relrieve the set of color paleties associated with
each of the plurality of keyframes.

00233 Furiher, the conlrot engine 108 may obtain @ plurality of
interpolated frames, at run-time, between two keyframes of the plurality of
keyframes. In an example, the control engine 108 may perform a linear
inferpolation at run-time {0 obiain the plurality of interpolated frames
between the two keyframes. In an example, the plurality of Reyframes are
fixed or static in nature and for any two keyframes, the linear interpolation
is performed to obiain intermediary frames or the interpolated frames. The
number of interpolated frames may be pre-defined and the linear
interpolation may result in the pre-defined number of interpolated frames in
between the fwo keyframes.
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[0024] As each keyframe is associated with a combination of RGE
urmination values, each of the plurality of interpolated frames has
interpolated RGB Hlumination values associated therewith. In an example
implementation, the control engine 108 dluminates the plurality of LEDs 104,
based on the RGE Humination values of the plurality of keyirames and the
interpolated RGB flumination values of the plurality of interpolated frames,
to create the moving light pattern. To illuminate the plurality of LEDs 104,
the control engine 108 supplies a pre-defined current to sach LED,
carresponding to the RGB illumination values of each LED.

[0025] The above aspects and further details are described in
conjunction with FIG. 2. FIG. 2 illustrates a block diagram of a device 200
{0 create g moving light pattermn, according 1o an sxample. In an exampla,
the device 200 may be similar fo the device 100. The device 200 thus
includes the light pipe 102 having the plurality of LEDs 104,

[00286] In one example, the device 200 includes a processor 202 and
a memory 204 coupled fo the processor 202, The processor 202 may
include microprocessors, microcompuiers, microcontroliers, digital signal
processors, ceniral processing units, state machings, Iogic circuilries,
and/or any other devices thal manipulate signals and data based on
computer-readable instructions. Further, functions of the various elements
shown in the fgures, including any funclional biocks labeled as
“processor(s)’, may be provided through the use of dedicated hardware as

well as hardware capable of execuling computer-readable instructions.

[0027] The memory 204, communicatively coupled {0 the processor
202, can include any nonransitory computer-readable medium known in
the art including, for example, volatile memory, such as static random-
access memory {SRAM) and dynamic random-access memory {DRAM},

andfor non-volatile memory, such as read only memory (ROM), erasable
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programmable ROM, flash memonies, hard disks, optical disks, and
magnstic tapes.

[0028] The device 200 also includes interface 206, The interface 208
may include a variety of interfaces, for example, interfaces 206 for users.
The interface 206 may include data output devices. The interface 206
facilitate the communication of the device 200 with various communication
and computing devices and various communication networks, such as
networks that use a variety of protocols, for example, Real Time Streaming
Protocal (RTSPY. Hyperext Transfer Protocol (HTTP), Live SBireaming
{HL3) and Real-time Transport Protocol {(RTR).

[0029] Further, the device 200 may include engines 208 The
sngines 208, amongst other things, include routines, programs, objects,
components, and data structures, which perform particular fasks or
implement particudar abstract data {ypes. The engines 208 may also be
implementad as, signal processor(s), state machine(s), logic circuitries,
andfor any other device or component thal manipulates signals based on
aperational instructions, Further, the engines 208 can be implemented by
hardware, by computer-readable instructions executed by a processing unit,
or by a combination thereof. In one example, the engines 208 include the
input engine 108, the control engine 108, a8 modification engine 210, and
other engina{s) 212. The other engine(s} 212 may include programs or
coded instructions that supplement the applications or functions performed

relation to FIGS. 1 and 2.

[0030] in an example, the device 200 includes data 214. The dala
214 may include a keyframe dala 218, a color paletie data 218, an
interpolation data 220, a8 current data 222, and other data 224, The other
data 224 may include data generated and saved by the engines 208 for

implementing vatious functionalities of the device 200.
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[0031] The input engine 106 may receive input from g user fo define
the plurality of keyframes to create the moving light pattern. in an example,
the user may create multiple moving light patterns by defining plurality of
keyirames for each moving light pallern. The plurality of keyframes are
based on the characteristics of the light pipe 102. Examples of the
characteristics of the light pipe 102 include, but are not limited to, a
thickness of the light pipe 102, a shape of the light pipe 102, and a length
of the light pipe 102. In an example, the light pipe 102 includes nine LEDs
that may be spaced apart from each other. For example, the LEDs 104 may
be placed one inch apart from each other.

[0032] To create the moving light pattern, the input engine 106 may
obtain the plurality of keyframes. in an example, the plurality of keyframes
may be abtained from a user of the device 200 or may be oblained fram the
keyframe data 216. Each keyframe from the plurality of keyframes is
associated with a set of color paleties. A color palefte may be indicative of
red-green-blue (RGB) llumination values of an LED. The color paleftes may
be stored in the device 200 as the color palette data 218.

[6033] Table 1 below provides some sample color paleties and
RGE iflumination values associated with the color palettes.

Palette ID Red Green Blue

O 0 0 0
"""""" Rt | 255 | @ | 0
Rn - - -

1 0 255 8

&n . - -
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"""""" BY | o | 0 | 255
B2 06 100 255
B4 0 130 200
Bn - - -
Al 240 200 64
An - - -
Tahle 1
[0034] The palette Ds indicate a dominant color for a specific

combination of the RGB lumination values. For example, when the color
paletie has a palette 1D 0, that indicates that the LED assodiated with that
particular color palette is not #luminated. Likewise, palelte 1D R1 indicates
that red color is Hluminated for the LED associated with that particular color
paleite. Palette ID G1 indicates a dominant green color, palelte 1D B1
indicates a dominant blue color, and palette D A1 indicates a dominant
amber color, Further, the palefte 1Ds R1 10 Rn indicate different shades of
red color with R1 being the baghtest and the Rn being dimmer. The same
holds true for G1 fo Gn, B1 o B, and A1 to An.

[0035] in order to display a smooth movement of light from one
keyframe 1o another, the control engine 108 may obtain a plurality of
interpolated frames between any two keyframes of the plurality of
kevirames. in an example, the control engine 108 may perform a linear
interpolation at run-ime ¢ obtain the plurality of interpolated frames. Each
interpolated frame i3 indicative of an inferpolated RGB #lumination value of
each LED from the pluralily of LEDs. For every light pattern, the number of
infarpolaied frames 0 be obigined between two keyframes is pre-definad.
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Further, the control enging 108 may calculate interpolated RGRB Hlumination
values for each interpolated frame.

[00386] The realtime interpolation while creating the moving light
patterr is now explained in conjunction with FIGS. 3A and 3B. FIGS. 3A and
3B illustrate a plurality of keyframes 300 and 350 for creating moving light
patterns, according to various examples. The plurality of keyframes 300 and
350 are explained with reference to FIGS. 1 and 2. The plurality of
kevframes 300 depicis a8 scenario where a device, such as a printer is
searching for a Wi-Fi network. In an example, the input engine 106 may
obiain the plurality of keyframes 300 from a user or from a memaory. A
section 302 of the plurality of keyframes 300 displays a back and forth
movemsant of a spot of blue light while searching for the Wi-Fi network. As
the plurality of keyframes 300 is assodciated with the palette {Ds B2 and B4,
the back and forth moving patlern of blue light is formed by sequential
illumination of the plurality of keyframes 300. As mentioned with respect {o
Tabie 1, the palette iDs BZ and B4 indicates a brighter shade and a dimmer
shade of biue cdlor.

[0037] Keyframe 1 {KF 1} indicales that the LEDs {e.g., LEDs 0, 1, 2,
3, and 4 noted across the top of section 302) are not illuminated as palette

associated with palette 1D B2 and the remaining LEDs are not luminated
as the remaining LEDs are associated with paletie 1D Q. In KF1 and KF2,
apart from change in the RGB illumination values of one LED, i.e, LED G,
which moves from no dlumination o bright blue color {corresponding {o
palette ID B2), remaining LEDs have same RGB #lumination values.
Therefore, linear interpolation is performed in between KF1 and KF2 to
show smooth fransition of colors between the palette {Ds Q and B2, at LED
0.
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[0038] in an sxample implementation, the control engine 108 may
perdorm the linear interpolation at runime {0 oblain a pre-defined number
of interpolated frames. Block 304 depicts the various interpolated frames
obtained by the control engine 108. In an example, sevenieen interpolated
frames, 308 ie., interpolated frame 1 (F1) o inferpolated frame 17 {(IF17)
are obtained from the linear interpolation between KF1 and KF2. As KF1
and KF2 are associated with RGB illumination values, the control engine
108 may calculate interpolated RGB illumination values X1, X2, X3, ..., X17
corresponding to each inlerpolated frame IF1 to F17, batween KF1 and
KF2.

[0039] In an example, the interpolated RGB illumination values for
each interpolated frame may be oblained by dividing a difference of the
RGE iHlumination values of KF1 and KF2 by the number of interpolated
frames to obiain an RGB and incrementing a lower RGB #llumination value
between KF1 and KF2 by the output of the division. In an example, the
control engine 108 may siore the interpolated RGE dllumination values as
the interpolation data 220.

[6040] Maving back 1o movement of the blue spot, kevframe 3 {(KF3)
provides that LED 0 and LED 1 are associated with palette 1Ds B4 and B2
illuminated as per the dlumination values of palette 1Ds B2 and B4, a blinking
movement of the spot is depicted. Further, to show that the spot is moving
further, kevirame 4 {(KF4) provides that LEDs ©, 1, and 2 are associated with
palette {Ds B4, B2, and B4 respectively. When the LEDs 0, 1, and 2 are
iliuminated as per the RGB iHumination values of palelte 1IDs B2 and B4, a
movement of the blue spot is depicted across the LEDs.

[0041] in an example implementation, when the keyframes KF1 to
keyframe § (KF8) have been illuminated and the Wi-Fi network is not
detected, the plurality of keyframes 300 may be re-illuminated. in such
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scenario, the control engine 108 may perform linear interpolation between
the last keyframe KF8 and the first keyframe KF1 o display continuously
running fight pattern.

[0042] The keyframes (KF1 fo KF 8) represent various reference
poinis that define a path of the moving light pattern. The keyframes are
encoded in the Brmware. Thus, the keyirames are static in nature, e.g.,
cannot be changed. The interpciated frames (IF1 to {F17}, on the other
hand, are generated instantaneously at run-lime in between any two
keyframes of the moving light patiem. The number of interpolated frames
between two keyframes s defined by the developer or designer of the
maoving light pattern.

[0043] in an example implementation, there may be scenarios that
before the printer gets connected {o the Wi-Fi, the Wi-Fi network is iost. As
a status of the printer changes from searching for Wi-Fi to Wi-Fi error, the
execution of the plurality of keyframes 300 is interrupted and another set of
keyframes 350 (see FIG. 3B), depicting another light pattern is executed fo
ingicate an error in connection. In an exampile, the plurality of kayframes
300 may be interrupted in between before being executed completely, i.e.,
{ilt KF8. For example, the plurality of keyframes 300 may get interrupted at
keyframe 5 (KF5). Accordingly, the conirol engine 108 may perform linear
interpolation between KF5 of the plurality of keyframes 300 {o KF2 of the
plurality of keyframes 350. Thus, a smooth fransition from one light pattern
to another light paftern may be depicted. Though the interpolstion is
explained to be performed between KFS and KF2 of the plurality of
keyframes 300 and 350 respectively, the control engine 108 may perform
the linear interpolation between any keyframes of different light patterns.

[0044] Referring to FIG. 2, based on the RGE illumination values of
the pluralily of keyframes and the interpolated RGB Hlumination values of
the plurality of interpolated frames, the conlre! engine 108 may illuminste
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the LEDs 104, To flluminate the LEDs 104, the control engine 108 may
supply a current to each LED associated with the plurality of keyframes and
the plurality of interpolated frames. The current applied to the LEDs 104
corresponds 1o the RGB #lumination values of each LED and the
interpolated RGEB ilumination values.

[0045] In an example implementation, each of the plurality of LEDs
104 is an 8-bit red-green-blue {RGB} LED. As a result, for each of the RGB
color, an LED has an illumination value ranging from 0-255. The 256
ilumination values (from 0-255} for each RGB channel may be stored as a
look-up table or a set of look-up tables in the device 200 as the current data
222. The current data 222 may be indicative of different values of current to
be applied across the RGB channels of the LEDs 10 achieve the flumination
value as per the color peletles associated with each LED. The lookup
fable(s) provide information about an lumination achieved from the light
pipe 102, when a specific current is applied 10 each RGB channel of the
LEDs. Accordingly, for every inpul, the look-up tables provide an expected
cuiput. Thus, the look-up table(s} act as a transfer function of the light pipe
102. Though the present subject matter is described with reference to 8-bit
LEDs 104, the LEDs 104 may be 4-bit, 8-bit, and so on.

[00486] Therefore, {o apply the current, the control sngine 108 may
selact a pre-defined current from the current data 222 and supply the
selected current to each LED associated with the plurality of keyframes and
the plurality of interpolated frames. Therefore, the current data 222 provides
gase in computation of the current values that is {0 be applied for any RGB
ifumination value across the LEDs 104,

[0047] in an example implementation, the modification engine 210
facilitates in real time modification of the color paleties. For sxample, the
modification engine 210 enables & user 1o make edits in the RGB
illumination values associated with the color paleltes of the plurality of calor
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paleties. in an sxample, the user may access the color palelle datg 218
through a temporary file partition in the device 200, In an example, the
temporary file partition may be accessed by a secure file transfer protocol
{sftp}.

{0048] The user may extract the color paletie data 218 by sending an
export command to the device 200, The export command includes
information about the data that is to be exported from the device 200. Thus,
in response 1o the export command, the modification engine 210 may copy
the color palette data 218 in a text file. The {ext file may be accessible {0 a
user of the device 200, such as a designer of the light patterns. The user
may make modifications in the text file. For example, if any RGB illumination
value is not providing & desirsd color during execution of the light pattern,
the user may make suilable modifications in the RGB ilumination values.

{0049] Thereafter, the user may store the modifications in the {ext file
by sending an import command. In response o the import command, the
modification engine 210 may store the modified text file in the temporary file
pariition of the device. When a code of the firmware is executed, the
firmware may access the modified text file in the temporary file partition {o
obtain RGB ilumination values of the plurality of keyframes. As a result, the
modifications made by the user are applied o a running firmware of the
device 200, without restariing the device 200.

{00507 In an example implementation, the modification engine 210
may compare the existing light patterns with the modified light pattems o
confirm the changes made in the {ext file. For example, the modification
previous light pattern and the modified light pattern. Once it is confirmed
that the modified light pattem is finalized, the modified text file is
implemented in the firmware.



WO 2019/221704 PCT/US2018/032746

16

[0081] FIGS. 4 gnd 5 Hlustyate methods 400 and 500 for crealing a
moving light pattern, according to various examples. The methods 400 and
500 describe creating a moving fight pattern in a light pipe having light
emitling diodes (LEDs). The methods 400 and 500 can be implemented by
processor{s) or device{s} through any suitable hardware, a non-fransitory
machine readable medium, or 8 combination thereof. Further, although the
methods 400 and 500 are described in context of a device that is similar {o
the aforementioned device 100, other suitable devices or systems may be
used for execution of the methods 400 and 500.

[0052] in some example, processes involved in the methods 400 and
500 can be executed hased on instructions stored in a non-transitory
computer-readable  medium. The non-dransitory  computer-readable
medium may include, for example, digital memories, magnetic storage
media, such as a magnelic disks and magnetic tapes, hard drives, or

optically readable digital dala storage media.

[00583] Referring to FIG. 4, at block 402, a pluralily of keyframes may
be obtained. In an example implementation, the plurslily of keyvirames
define a moving light pattern in g light pipe. The term “keyframe” refers to
signais and/or states in the form of a data construct that are indicative of a
sequence of dlumination of the LEDs. In an example implementation, the
input engine 106 may obtain the plurality of keyframes. For example, the
input engine 106 may obiain the keyframes when a yser of the device 100
inputs the plurality of keyframes through an interface of the device 100. In
ancther example, the input engine 106 may relrieve the plurality of
keyframes from a memory of the device 100, Further, each keyframe is
indicative of red-green-blue (RGB) flumination values of each LED from the
LEDs,

[0054] At block 404, a linear interpolation is performed, at run-time,
between wo kevirames of the plurahly of keyframes {o obiain a plurality of
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inferpolated frames. In an sxample, the keyframes represent various
referance points that define a path of the moving light pattem. The
keyframes are sencoded in the firmware and thus, are fixed or stafic in
natwre. The interpolated frames, on the other hand, are generated
instantanesusly at run-time between any two kevirames of he moving light
pattern. Further, each interpolated frame is indicative of interpolated RGB
ilumination values of each LED from the LEDs. Inh an example
implementation, the control engine 108 may perform the linear interpolation
at real time.

[0055] At block 406, the LEDs are #luminated, based on the RGB
fumination values of the plurality of keyframes and the interpolated frames,
{0 create the moving light pattern. in an exampie implementation, the control
engine 108 llluminates the LEDs based on the RGE #llumination values of
the plurality of keyframes and interpolated RGB Humination values of the

plurality of interpolated frames.

[00586] Referring to FIG. 5, at block 502, a plurality of keyframes may
be oblained. The {erm “keyframe” refers to signals and/or states in the form
of a data construct that are indicalive of a sequence of illumination of the
LEDs. In an example implementation, the input engine 106 may obtain the
plurality of keyframes.

[DO57] in an example implementation, the plurality of keyframes
define the moving light pattemn. Further, each keyframe is indicative of red-
green-blue (RGB) illumination values of each LED from the LEDs. In an
example, the RGB illumination values are based on characteristics of the
light pipe. The characteristics of the light pipe may include, but are not
limited 1o, 8 thickness of the light pipe, a shape of the light pipe, and a length
of the light pipe.

[00568] At block 504, a linear interpolation is performed, at run-time,

between two keyframes of the plurality of keyframes fo oblain a plurality of
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inferpolated frames. In an example implementation, the control engine 108
may perdomm the linear interpolation in real time. In an example, a number
of interpolated frames may be pre-defined between the two keyframes. For
example, a developer may dsfine the number of interpolations o be
performed between the two keyframes while developing an animation for
the moving light pattem.

{0089] In an example, the finear interpolation may be performed
between a first keyframe and a last keyframe of the moving light pattern {o
loop the moving light pattemn. In another example, the linear interpolation
may be performed between a keyframe of the moving light pattern and a
keyframe of another light pattern to indicate a smooth transition from one
aramation to another animation.

{00860] At block 506, interpolated RGB illumination values may be
calculated for each of the plurality of ifterpolated frames in between the two
keyframes. In an example implementation, the control engine 108 may
caicuiate the interpolated RGB illumination values for each of the plurality
of interpolated frames. The interpolated RGE #lumination values are
ohiained by dividing a difference of the RGBE illumination values of a specific
LED of the two keyframes by a number of interpolated frames. Thereafter,
the RGB illumination value of the particular LED is incremented by the resuit
of the division across the interpolated frames,

{0D61] At block 508, current may be supplied to the LEDs
corresponding to the RGE illumination values of the plurality of keyframes
and the interpolated RGB illumination values of the plurality of interpolated
frames. In an example implementation, the control engine 108 may supply
the current to the LEDs. In an exampie, the current 10 be supplied may be
pre-defined and is stored as a look-up table in the device 100, In another
exampie, the current fo be supplied may be selected from a set of look-up
tables that may be stored in the device 100,
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[00862] At biock 510, the LEDs are #luminated {0 create the moving
light pattern. Based on the current supplied to the LEDs, the LEDs are
ifuminated to create the moving light pattern.

[0063] FiG. 6 illustrates g system environment 600 implementing a
non-transitory computer readable medimn for creating a moving light
pattern, according o an example. The system environment 800 includes a
processor 802 communicatively coupled to the non-transitory computer-
readable medium 604 through a communication link 806. In an example,
the processor 802 may be a processing resource of a device, such as a
printer, for fetching and executing computer-readable instructions from the
non-transitory computer-readable medium 604,

[0064] The non-transitory computer-readable medium 604 can be,
for example, an internal memaory device or an external memory devicea. in
an example, the communication link 806 may be a direct communication
fink, such as any memory readiwrite interface. In another example, the
communication link 606 may be an indirect communication link, such as a
transitory computerreadable medium 604 through a communication
network (not shown).

[0085] in an example, the non-ransitory computer-readable medium
8504 includes a sei of compuier-readable insfructions for creating a moving
fight pattern in a light pipe. The set of computer-readable instructions may
include instructions as explained in conjunction with FIGS. 1 and 2. The set
of computer-readable instructions can be accessed by the processor 802
through the communication link 808 and subsequently executed {o perform
acts for crealing the moving light pattem.

[0066] Referring fo FIG. 6, in an example, the nondransitory

computer-readable medium 604 may include instructions 808 to obtain a
plurality of kevirames. Each keyframe is associated with a set of color



WO 2019/221704 PCT/US2018/032746

20

palettes. Each oolor palelte is indicative of red-green-blue (RGE)
Hiurnination values of a light emitting diode (LED) from a plurality of LEDs.
in an example, the light pipe includes nine LEDs. The non-transitory
computer-readable medium 804 may include instructions §10 {o retrieve the
set of color palettes associated with each of the plurality of keyframes.

{0087} Further, the non-transifory computer-readable medium 604
may include instructions 812 to obtain a plurality of interpolated frames, at
run-time, in between two keyframes of the plurality of keyframes. In an
exampie implementation, the plurality of interpolated frames is obtained by
performing a linear interpolation betweean the bwo keyframes of the piurality
of kevframes. In an example, the linear interpolation is performed between
one of a first keyframe and a last keyframe of the moving light pattem. in
ancther example, the linear interpolation is performed between a keyframe
of the moving light pattern and a keyframe of ancther light pattern. In an
example implementation, a number of interpolated frames in the plurality of
interpolated frames may be pre-defined based on the two keyframes in
between which the interpolation is being performed.

[6088] The nonJransiiory computer-readable medium 804 may
include instructions 614 {o calculate interpolated RGB lumination values
for each inferpolated frame in belween the two keyframes. In addition, the
non-transitory compuier-readable medium 804 may include instructions 618
to Huminate the LEDs based on the RGB illumination values of the plurality
of keyframes and the interpolated RGB illumination values of the plurality of
inferpolated frames, 10 create the moving light pattern. Further, in an
exampie, the instructions to Hluminate the plurality of LEDs include selecting
a pre-defined current to be applied to each LED corresponding to the RGB
ilumination values of the plurality of keyframes and the interpolated RGB
fluminaton values of the plurality of interpolated frames.
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[00868] Although examples for the present disclosure have been
described in language specific (o structural features and/or methods, ifis o
be understood that the appended claims are not limited to the specific
features or methods described herein. Rather, the specific features and
methods are disclosed and explained as examples of the present
disclosure.
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We claim:

1. A method for creating a moving light pattern in a light pipe, the light pipe
5 comprising a plurality of light emitting diodes (LEDs), the method
comprising:
obtaining a plurality of keyframes, the pluralilty of keyframes define
the moving light pattern, wherein each kevirame is indicative of a red-green-
blue (RGB) ilumination value of each LED from the plurality of LEDs;

10 performing a lineay interpaiation, at run-time, between two keyframes
of the plurality of keyframes to obtain a plurality of inferpolated frames,
wherein sach interpolated frame is indicative of an interpolated RGB
illumination value of each LED from the plurality of LEDs; and

Hiuminating the plurality of LEDs, based on the RGB lumination

15 values of the plurality of keyframes and the interpolated RGB illumination
values of the plurality of interpolated frames, {o create the moving light
pattern.

2. The method as claimed in daim 1, whersin the RGB lumingtion value is
based on characteristics of the light pipe, the characteristics of the light pipe

20 comprising a thickness of the light pipe, a shape of the light pipe, and a
fengih of the light pipe.

3. The method as claimed in daim 1, wherein performing the linear
interpolation comprises calculating the interpolated RGB illumination values

for each interpolated frame in between the two keyframes.

25 4. The method as claimed in claim 3, wherein illuminagting the plurality of

the RGE Mumination values of the plurslity of keyframes and the plurality of
mnterpolated frames.

§. The method as clgimed in claim 1, whersin the two keyframes comprise
20 afirst keyframe and a last keyframe of the moving light patiern.
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8. The method g5 claimed in claim 1, wherein the two keyframes comprise
a keyframe of the moving light pattern and a keyframe of another fight

pattern.

7. A device comprising:
5 & light pipe having light emitling diodes {(LEDs);
an input engine, coupled 1o the light pipe, to:
obtain a plurality of keyirames, wherein each keyframe is
associated with a set of color palettes, each color palefte from the
st of color palettes being indicative of red-green-blue (RGB)
10 fhumination values of an LED from the LEDs;
retrieve the set of color paletles associated with each of the
plurality of keyframes,; and
a control enging, coupled to the light pipe, to:
oblain a plurality of interpolated frames, al run-time, between
15 two keyirames of the plurality of kevframes, wherein each
interpolated frame is indicative of interpolated RGE illumination
values of each LED from the LEDs; and
iluminate the LEDs, based on the RGB illumination values of
the plurality of keyframes and the interpolated RGB ilumination
20 values of the plurality of interpolated frames, to create a moving light

pattern.

8. The device as claimed in claim 7, wherein {0 oblain the plurality of

interpolated frames, the control engine is to perform linear interpolation {o

calculate the interpolated RGB lumination values for each interpolated
25  frame in between the two keyframes.

2. The device as claimed in claim 8, wherein to Hluminate the LEDs, the
control engine is o, select a pre-defined current, fo be supplied to each LED
associated with the plurality of keyframes and the plurality of interpolated
frames, corresponding {o the RGB illumination values of sach LED.
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10, The device as claimed in claim 8, wherein the pre-defined current
corrasponding to each RGR color ia stored as a look-up table accessible by

the control engine.

11. The device as claimed in claim 8, wherein the control engine is {o,
5 perform the linear interpolation between a first keyframe and a last keyframe
of the moving light pattem.

12. The device as claimed in claim 8, wherein the control engine is o,
perform the linear inferpolation belween a keyframe of the moving light
pattern and a keyframe of another light pattern.

10 13, A non-transifory computer-readable mediom comprising computer-
readable instructions, which, when executed by & processor of a device,
cause the processor to:

obtain a plurality of keyframes, wherein each keyframe is associated
with a set of color palettes, and wherein each color palette is indicative of

16 red-green-biue (RGE) Mumination values of a light emitling diode (LED)
from a plurality of LEDs;

retrieve the set of color palettes associated with each of the plurality
of keyframes;

obtain a plurality of interpolated frames, al run-time, in between two

20 keyframes of the plurality of keyframes;

caicidate interpolated RGE ilumination valuss for each inferpolated
frame in between the two keyframes; and

Hiuminate the plurality of LEDs, based on the RGB #lumination values
of the plurality of keyframes and interpolated RGE iflumination values of the

25  plurality of interpolated frames, o create a moving light pattern.

14. The non-transitory compuier-readable medium as daimed in claim 13,
wherain the instructions which, when executed by the processor, cause the
processor o salect 3 pre-defined current to be applied 1o each LED

correspanding to the RGR dlumination values of the plurality of keyframes
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and the interpolated RGB ilumination values of the plurality of interpolated
frames, to ifluminate the plurality of LEDs,

15. The non-fransitory computerreadable medium as claimed in claim 13,
wherein the instructions which, when executed by the processor, cause the

5 processor o perform a linear interpolation between one of a first keyframe
and a last keyframe of the moving light patlern and between a keyframe of
the moving light pattern and a keyframe of another light pattern, to oblain
the plurality of interpolated frames.

10
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