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Title: DETERMINING POWER CONFIGURATION

(57) Abstract: Examples are described herein for determining power configura-
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tions. In various examples, an apparatus may include circuitry to determine the
power configuration of a hub, a head component, and a removable cable that cou-
ples the head component and the hub. The power configuration may include: a
first amount of power supplied to the hub via a mains power outlet, and a second
amount of power that is deliverable by the hub to the head component via the
removable cable. The circuitry may cause an output component that is separate
from a display operated by the head component to render output that is modulated
to convey an aspect of the power configuration,



WO 2022/015293 PCT/US2020/041998

DETERMINING POWER CONFIGURATION

Background
000117 Technologies that facilitate transfer of both data and power between

various electronic devices are becoming more commonplace. As an example,
the Universal Serial Bus (USB) industry standard provides various specifications
for cables and/or connectors (o exchange both power and data between various
types of computing devices, peripheral devices, efc. Different types of USE
cables and/or connectors have different data and/or power transfer capabilities.
For example, cables complying with the USB-C standard can transmit as much

as one hundred watts (five amps of current at twenty volis), of power.
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Brief Description of the Drawings

100027 Features of the present disclosure are illustrated by way of example
and not limited in the following figure(s), in which like numerals indicate like
glements.

100031 Fig. 1 schematically depicts an environment in which selected
aspects of the present disclosure may be implemented, in accordance with an
exampile of the present disclosure.

100047 Fig. 2 schematically depicts an apparatus that implements selected
aspecis of the present disclosure, in accordance with an example of the
present disclosure.

(000657 Fig. 3 schematically depicts a hub configured with selected aspects
of the present disclosure, in accordance with an example of the present
disclosure.

100061 Fig. 4 depicts an example method for a hub {o practice selected
aspects of the present disclosure.

(00067} Fig. 5 depicts an example method for a head component to practice

selected aspects of the present disclosure.

Detailed Description

(00087 For simplicity and illustrative purposes, the present disclosure is
described by referring mainily {o various examples thereof. In the following
description, numerous specific details are set forth in order to provide a
thorough understanding of the present disciosure. However, examples
consistent with the present disciosure may be practiced without limitation to
these specific details. In other instances, some methods and structures have
not been described in detail so as not to unneceassarily obscure the present
disclosure.

60087 The elements depicted in the accompanying figures may include
additional components and some of the components described in those figures
may be removed and/or modified. The elements depicted in the figures are not
drawn to scale and the elements may have different sizes and/or configurations

other than as shown in the figures.
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160107  As noted above, technologies that facilitate transfer of both data and
power between various electronic devices are becoming more commonplace.
Some cables and/or connectors have similar or identical form factors, and yet
have different operational capabilities. This can lead to confusion in some
instances. Assume, for example, that a particular cable or connector (e.g., a
USB-C cable) is incapable of delivering sufficient power to a computing device
such as a tablet computer or laptop computer. The computing device may not
be able to report such an error 10 a user using audio and/or visual output
rendered by, for instance, an operating system (0O8) executing on the
computing device. Without some other means for conveying an eror message
to the user, the user may not be able to easily discern why the computing
device is not operating, or is not operating properly.

00111 Examples are described herein for determining, and for conveying
aspects of, a power configuration of a plurality of components that are coupled
with each other using cables and/or connectors, such as USE cables and/or
connectors. These connected components may include, for instance, a hub and
what will be referred to herein as a "head component” or "head unit.” A "hub” or
‘dock” may be a device with some number of poris to which various other
glectronic devices can conneact, so that the hub can facilitate transfer of power
and/or data between these connected elecironic devices. A *head component”
may refer to a data processing device such as a lapiop computer, tablet
computer, efc., that processes data in various ways. In some examples, the
head component may be a tablet-style computing device with an integral touch
screen display. Some such tablet-style computing devices may be designed for
use as transactional terminals, such as point-of-sale terminals, although other
types of terminals are contemplated.

60121 A “power configuration” as used herein refers to information about
capabilities of multiple slectronic devices 0 exchange power belween them. A
power configuration may include, for instance, a data structure that includes
various amounts of power that are deliverable to/between various connectad
glectronic devices, given how those devices are connected to each other and/or

to external power sources. For exampile, a power configuration of a hub and
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head component that are coupled using a removable cable (e.g., a USB-C
cable) may include a first amount of power supplied to the hub via mains power
{e.g., city power, hydro power, AC mains, efc.), e.g., from a wall outlet, and a
second amount of power that is deliverable by the hub to the head componernt
via the removable cable. The amounts of power that collectively form a power
corfiguration may be ascertained in various ways and stored in memory (and/or
processed) as, for instance, individual variables (e.g., floats, doubles, integers),
as variables of a power configuration data structure, elfc.

(60131 The second amount of power may be based on, for instance, an
operational parameter of the removable cable (as noted previously, standard
USB-C cables can carry up to one hundred watls), and/or based on an amount
of power supplied by mains power. This operational parameter may be
determined in some examples based on information stored on and/or provided
by the removable cable, such as via a power delivery object (PDQO) associated
with various USEB standards. USB ports of other devices may also provide
respective operational parameters of those devices, e.g., as PDOs.

[0014] Once the power configuration is determined, aspects of the power
configuration can be conveved {0 a user with various ouiput components such
as light-emitting diodes (LEDs), speakers (particularly embedded speakers),
efc. These cutput components may be separate from output devices such as
displays and “regquiar” speakers that render output generated by applications
and/or an operating system (OS8) of the head component. For example, a head
component may not be able to render output on its display if it doesn't have
enough power, but it may have intermnal circuitry such as an application-specific
integrated circuit (ASIC) that can modulate output of integral LEDs {o convey a
message about the head component’s lack of power.

[00158] Circuilry that performs selected aspects of the present disclosure may
be integral with one or both of the hub and the head component. In some
examples, the hub may include circuitry that operates output component(s)
integral with the hub o convey aspects of a power configuration of the hub and
head component. These aspects may include, for instance, the hub not

receiving enough power from mains to power the head component or a
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(82}

removable cable that connects the hub to the head component being incapable
of providing sufficient power to the head component. The latter may be
particularly applicable where multipie different cables are physically conneclable
to ports of the hub and head component {(and those cables may appear
physically similar or identical}, but not all of those physically interchangeable
cables are capable of carrying the same amount of power (or capable of the
same data transfer rates).

0018] In some examples, the head component may also include circuitry that
performs selected aspects of the present disclosure, such as an ASIC separate
from other processing unit(s) of the head component. In some examples, the
head component circuitry may determine the amount of power that is
deliverable by the hub {o the head component via the removable cable, e.g.,
from a message (e.g., PDO) the head component receives from the hub. if the
amount of power is insufficient to fully or properly power the head component,
its circuitry may operate the aforementioned output components (e.g.,
embedded speaker, LEDs) to convey {o the user that the head component is not
able to receive sufficient power.

[0017] Outpul rendered by output components may be modulated to convey
aspect(s) of the power configuration of the hub and head component in various
ways. With LEDs, for instance, the LEDs may be selectively energized {o emit
temporal patterns (e.g., akin to Morse code) and/or colors that convey an aspect
of a power configuration to a user. For example, assume that the head
component consumes 140 watts of power but the removable cable is a standard
USB-C cable that can carry up to 100 watts of power. In such a scenario, LEDs
on the hub {or on the head component) may be energized to emit some number
of blinks {e.g., five) in one color (e.g., red), followed by a pause, and then some
number of blinks (e.g., five) in another color {e.g., white), to convey that the
removable cable that was used to connect the head component to the hub
cannot carry enough power {o properly power the head componeant,

00187 Fig. 1 schematically depicts an environment in which selacted
aspects of the present disclosure may be implemented, in accordance with an

gxample of the present disclosure. In Fig. 1, a head component 102 is
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connectad o a hub 104 using a removable cable 106, In Fig. 1, head
component 102 is a computing device that takes the form of a tablet-like device
with a touch screen 108, In other examples, head component 102 may take other
forms, such as a computing device having separate input componernts such as a
mouse and/or keyboard, and/or separate output components such as a separate
display. Other types of computing devices are contemplated, including but not
imited 1o set top boxes, smart phones, laptop computers, and so forth.

00187  Hub 104, which may alternatively be referrad (o as a “dock” or "port
replicator,” is a device that can be used to operably couple head component
102 with any number of electronic peripheral devices. Peripheral devices may
take various forms, including but not limited to monitors, keyboards, mice,
printers, projectors, cameras such as “webcams” that also include other input
devices such as microphones, speakers, and any other input and/or cutput
device.

[60207 Inmany cases, and as is depicted in Fig. 1, hub 104 may be
connected to and receive power from a power source 110, In Fig. 1, power
source 110 takes the form of A/C mains electricity, but other forms, such as DC
mains electricity, battery power, efc., are also contemplated. As used herein,
‘mains” electricity refers to a general-purpose power supply that provides AC
and/or DC elecirical power to homes and business. When individuals plug
electronic devices and/or appliances into wall outlets, they are usually
connecting those devices to mains electricity. Mains electricity may also be
referred to by other monikers in various regions of the world. Some of those

monikers include, for instance, “utility power,” “household power,” "household

electricity” "house current,” "domestic power,” "wall power,"” "line power" "city
power," "street power,” "hydro,” and so forth.

60217 inFig. 1, a power cable 112 connecis hub 104 to power source 110,
Because power source 110 is AC-based, and various computing devices such
as head component 102 often operate on DC power, power cable 112 includes
an AC-DC convertor 114. If power source 110 is a DC-based power source,
convertor 114 may be omitted. In some examples, power cable 112 may

transmit power, but not data. In other examples, power cable 112 may be
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capable of transmitting both power and data, e.g., where a power-line
commurnication apparatus is connected between an AC mains outlet and power
cable 112.

[0022] Hub 104 distributes power it receives from power source 110 to
whichever electronic devices are connecied to various ports 116 of hub 104. In
Fig. 1, hub 104 includes four ports, but other hubs configured with selected
aspects of the present disclosure may include other numbers of ports 116. In
some examples, the port(s) 116 may be various types of USB ports, including
but not limited to those referred {0 as USB-C, USB-A, microlUSB, Micro-B, Mini-
A, Mini-B, efc. Ports supporting other peripheral communication technologies
are aiso contemplated, including but not limited to serial, DisplayPort (*DP")
technology, technology that combines peripheral component interconnect
(*PCY") express ("PCle”) with DP technology, various types of digital visual
interface "DV}, various types of high-definition muitimedia interface ("HDMI),
video graphics array ("WGA™), efc..

(00237 Because hub 104 is connected to power source 110, hub 104 may act
as a power supply to other components that are connected to it, including but
not imited o head component 102 and/or any peripheral devices that are also
cornected to hub 104 {or to head component 102). Some of these connacted
peripheral devices, such as smart phones, may also include their own internal
power supplies, such as batteries, which may or may not be recharged by hub
104,

100247 Removable cable 106 includes a first connecior 118 and a second
connector 120 which may or may not be identical to first connector 118, In Fig.
1, for example, ports 116 are female ports, and both first connector 118 and
second connector 120 each includes a male contact 122, In some examples,
the ports 116 are male poris and connectors 118 and 120 have female contacis.
[6028] Various components depicted in Fig. 1 may be equipped with
rudimentary oulput components such as lights and/or embedded speakers (emit
simpie noises such as beeps) that are separate from more advanced output
components such as displays {(e.g., touch screen 108) or speakers. For

example, head component 102 is equipped with integral LEDs 124, Similarly,
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hub 104 is equipped with integral LEDs 126, LEDs 124 and/or 126 may be
energized to emit light at various hues (colors), patterns, intervals, efc. As will
be explained in more detail shortly, techniques described herein may be
employed to selectively energize these LEDs 124 and/or 126 o convey
information, such as aspeci(s) of a “power configuration” between head
component 102, hub 104, and removable cable 106, for example.

(00287 As noted previously power configuration between head component
102, hub 104, and removable cable 108 may include information about
capabilities of these electronic devices 1o exchange power between them. In
some examples, a power configuration may inciude a first amount of power
supplied to hub 104 via power source 110, and a second amount of power that
is deliverable by hub 104 {0 head component 102 via removabie cable 106.
Based on these two pieces of information, hub 104 and/or head component 102
can selectively modulate light emitted by LEDs 124 and/or 126 o convey
various aspects of the power configuration, such as error codes. These error
codes may convey various information to a user, such as: that a component has
been improperly connected (o another component; that a component cannot
receive sufficient power (o operate properly; that one component (e.g., cable
106) is incompatible with other components; efc.

100277 Other types of output components besides LEDs may be employed in
a similar fashion to convey similar information. For exampie, embedded
speaker(s) {not depicted) installed on a printed circuit board (e.g., a
motherboard) of head component 102 and/or hub 104 may be operated (o emit
beeps of various pitches and/or lengths. As with flashing LEDs 124 and/or 126,
the beeps emitted by such embedded speaker(s) can be modulated {o convey
aspeact(s) of a detected power configuration.

(00281 As an lllustrative example, head component 102 in Fig. 1 takes the
form of a tablet-like computing device that can be used for transactional
processing, e.g., as a point-of-sale terminal. Head component 102 may include
a USE port {not depicted), such as a USB-C port, that can be used {o connect
head component 102 to another electronic device to receive power, and in

some cases, data as well. If head component 102 is capable of operating within
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the operational power paramestars of USB-C——e.g., 100 watls or less——then a
standard USB-C cable can be used as removable cable 106 to connect head
component 102 to hub 104,

(00297 But suppose head component 102 draws more than 100 watts of
power, e.g., 140 watts. Suppose further that the physical port (not depicted) on
head component 102 is still physically compatible with USB-C connectors. f a
standard USB-C cable with a 100-watt maximum power throughput is used to
connect such a head component 102 to hub 104, head component 102 will not
be able to operaie properly. Head component 102 may not be able to operate
an 08 and/or render content on touch screen 108, in which case it may be
difficult for a user to discern what they had done incorrectly, especially since the
standard USB-C cable connector was physically compatible with the port on
head component 102.

100301 Accordingly, in various examples, circuiiry may be provided, e.g., as
part of hub 104 {indicated at 128A) and/or as part of head component 102
(indicated at 128B), that causes output components such as LEDs 124 and/or
126 to render modulated output that conveys information about the power
configuration to the user. Unless cotherwise indicated, reference o “circuitry
128" herein refers 1o either circuitry 128A, circuitry 1288, or some combination
of both. Circuitry 128 can take various forms, such as an ASIC, a field-
programmable gate array (FPGA), and/or a processor executing computer-
readable instructions stored in memory.

[0031] Circuitry 128 may determine a power configuration of head component
102, hub 104, and removable cable 106 in various ways. In some examples,
circuitry 128A or 1288 may read a power descriptor 130 that is made available
by removable cable 106 (a.g., stored in memory of removable cable 106) to
obtain aspect(s) of a power configuration. For example, if removable cable 106
is a USB-C cable, then removable cable 106 may provide its power limit as part
of a PDO. This power limit may represent the amount of power that is
deliverable by removable cable 106.

[0032] In some examples, circuitry 128 may determine an amount of power

that is deliverable by removable cabie 106 based on the amount of power that is
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supplied to hub 104 by power source 110, For example, if power source 110
supplies 90 watts (and likely less) of power, then hub 104 can determine that it
can deliver, at maximum, 90 watts of power over removable cable 106,
regardless of any power limits of removable cable 106.

16033]  In some examples, circuitry 128A of hub 104 may inform downstream
component(s) such as head component 102 of the amount of power that may
be deliverable by hub 104 over removable cable 106. For example, circuitry
128A of hub 104 may transmit the amount of power that is deliverable over
removable cable 106 to circuitry 1288 of head component 102, Circuitry 1288
may then operate output components such as LEDs 124 to render output that is
modulated to indicate that aspect of the power configuration.

100347 For example, if the amount of power indicated by circuitry 128A 1o
circuitry 1288 is below an operational threshold of head component 102, then
circuitry 1288 may energize LEDs 124 to emit light in a sequence and/or colors
that convey to a user the fact that head component 102 cannot pull sufficient
power o operate properly. In some examples, circuitry 1288 may be operable
independently of other parts of head component 102, such as a central
processing unit that controls its overall function. Consequently, even if head
component 102 is unable to operate properly, a user may still be informed as to
the lack of suificient power.

[0035] To enable circuitry 128 to inform a user of aspect{s) of the power
configuration, so that the user can take remedial action if there is an error,
circuitry 128 may compare aspect(s) of the power configuration with, for
instance, a lookup table. The lookup table may be stored in memaory integral
with hub 104, head component 102, another remote computing device or
memory, or even removable cable 1068, This lookup table may indicate how
various output components, such as embedded speaker(s) of hub 104 and/or
head component 102, or LEDs 124 and/or 128, should be energized to emit
output modulated with information conveying the aspect(s) of the power

configuration.
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10038] Table 1, provided below, provides an illustrative example (and
assumes for the moment that a compatible removable cable connects hub 104
to head component 102}

Table 1

AC Hub Min, Max LED 128 LED 124
Power | Power | USB-C | upstream
power | power

<{120W | 120W | 16W ow X blinks Off, or y blinks
1200 | 120W | 15W oW ON Off, or y blinks
150w | 120W | 15W 45W ON y blinks
280W | 120W | 15W 140W ON ON

160377  Asshownin Table 1, the hub minimum power is 120W and the minimum
UsSB-C power is 15W. In some examples, the hub minimum power may be
obtained from a hub descriptor, which may be data such as a PDO stored in
memory associated with, for example, a USE port of hub 104, For AC power
{e.g., power source 110) supplied o hub 104 thai is less than 120W, the
maximum upstream power is OW. Consequently, circuitry 128A of hub 104 may
cause LEDs 126 {o emit an error code of x blinks. If head component 102 has
some other power source, such as an internal battery, then circuilry 1288 of head
component 102 may cause LEDs 124 to emit an error code of y blinks (x and vy
being integers greater than zero); otherwise LEDs 124 may remain off {o indicate
no power received at head component 102.

[0038] Similarly, for AC power supplied to hub 104 that is equal to 120W, the
minimum upstream power is still 15W. Consequently, circuitry 128A of hub 104
may cause LEDs 126 to emit steady light (*ON"), and circuitry 128B of head
component 102 may either remain off, or, f some other source of power {e.g., an
internal battery) is available, then circuitry 1288 of head component 102 may
cause LEDs 124 to emit an error code of y biinks.  In other implementations,
circuitry 128A of hub 104 may determine that hub 104 cannot deliver sufficient
power to head component 102, and may modulate ouiput of LEDs 126 {o convey
the fact that while hub 104 has sufficient power for itself, it lacks sufficient surplus

power {0 deliver {o head component 102, For example, if head component 102
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is connected to a port 116 designated as “port 3, then output of LEDs 126 of hub
104 may be modulated to identify this port, .¢., with three blinks.

[0038] For AC power supplied to hub 104 that is equal to 150W, the maximum
upstream power is 45W. This still may not be enough power for head component
102, which may use 140W for instance. Consequently, circuitry 128A of hub 104
may cause LEDs 126 to emit steady light ("ON"). Because circuitry 128B of head
component 102 stiil receives some power, circuitry 1288 may cause LEDs 124 io
emit an error code of y blinks. In some exampleas, operational parameters of head
component 102 may be provided in memory associated with, for instance, a USB
port of head component 102 {e.g., a FDO).

[00407 For AC power supplied to hub 104 that is equal to 280W, the maximum
upstream power is 140W {or higher, but for this example it can be assumed that
removable cable 106 has its own power limit of 140W).  Accordingly, head
component 102 now receives sufficient power to operate.  Consequently,
circuitry 128A of hub 104 may cause LEDs 126 to emit steady light (*ON"), and
circuitry 1288 of head component 102 may cause LEDs 124 to also emit steady
tight (“ON”).

(00417 As can be seen in the example illustrated by Table 1, a user may be
presented with different outputs at different output components to convey different
error codes {or codes indicating normal function). In some examples, these
output components may be operated to generate output that conveys errors about
the electronic devices that host these output components and/or other electronic
devices. Forexample, hub 104 could convey information about itself and/or about
head component 102, In some cases, the user may be able to consult
documentation associated with hub 104, head component 102, or even
removable cable 108, to determing what the error code indicates. Then, the user
may take appropriate remedial action.

00427 Table 2, below, provides an illustrative example of a lookup table that
mmight be consulted by circuitry 128 to determineg how {o modulate output rendered
by output components such as LEDs 124 and/or 126 and/or embedded speakers.
Table 2 assumes that hub 104 uses 120W of power for normal operation, and

that head component 102 uses 140W of power. In various examples, these
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operational parameters may be obtainad from the respective components, e.g.,
in the form hub descriptors, head component descriptors, and cable descriptors,
any of which may take the form of PDOs. In some examples, a combination of
these various descriptors may dictate how varicus output components are

energized and/or modulated {o convey information, e.g., as iilustrated in Table 2.

Table 2
Power LED 126 | LED 126 i LED 124 if |LED 124 ¥
sQurce incompatible | compatible incompatible | compatible
110 removable removable removable removable
cable cable cable cable
attached attached attached attached
S0-11ewW | OFF OFF OFF OFF
120W x red, y white | ON x red, ywhite | nred, mwhite
180W x red, y white | ON x red, y white | ON
200W x red, y white | ON x red, y white | ON
230W x red, y white | ON x red, y white | ON
>280W x red, y white | ON x red, y white | ON
(00437 Referring to Table 2, if any less than 120W are received from power

source 110, then both LEDs 126 of hub 104 and LEDs 124 of head component
102 may remain off, because neither component is receiving sufficient power. if
120W are received from power source 110 at hub 104, then it may be determined
by circuitry 128 whether a compatible removable cable 106 attaches hub 104 to
head component 102, “Compatible” in this context means that removable cable
can deliver 140W to head component 102, More generally, “‘compatible” as used
herein to describe a cable that is capable of delivering enough power o
downstream components so that those downstream components are able to
operate according to some desired standard (e.g. normal cperation).

[0044]
104 can energize LEDs 126

compatible removable cable 106 connects head component 102 to hub 104, K

Once 120W or more are supplied 1o hub 104, then circuitry 128A of hub
Circuitry 128A then determines whether a

the answer is yes, then LEDs 126 are energized o emit steady light ("ON") to

signify that, from the perspective of hub 104, everything is functioning properly.
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However, if an incompatible removable cable 106 {e.g., cannot deliver 140W) is
provided, then circuitry 128A of hub 104 may energize LEDs 126 with x red
flashes and y white flashes {again, x and y are non-zero infegers that may or may
not be equal to each other) to signify that an incompatible cable is attached.
1004587 From the perspective of head component 102, once 120W or greater
are supplied to hub 104, then circuitry 1288 of head component 102 energize
LEDs 124, For example, and similar to circuitry 128A, circuitry 128B may
determine whether removable cable 106 s compatible. f the answer is yes, but
120W are supplied to hub 104, then LEDs 124 of head component 102 may be
egnergized to emit m red flashes and n white flashes (m and n being positive
integers) to signify that even though removable cable 106 is capable of carrying
140W, upstream hub 104 is not supplied with enough power to deliver 140W over
removable cable 106. Otherwise, if a compatible removable cable 106 is detected
by circuitry 128B of head component 102 and power supplied to hub 104 is 180W
or more {as shown in Table 2), then LEDs 124 of head component 102 may be
energized to emit a steady light, indicating proper operation.

08487 However, if an incompatible removable cable 108 {(e.g., cannot deliver
140W) is detected (e.g., by comparing PDOs to lookup tables such as Table 1 or
Tabie 2), then circuitry 128B of head component 102 may energize LEDs 124
with x red flashes and y white flashes {again, x and y are non-zero integers that
may or may not be equal {o each other) to signify that an incompatibie cable is
attached. In various examples, circuitry 128B of head component may determine
whether removable cable 108 is compatible by reading the power descriptor 130
from removable cable 106, receiving a transmission from circuitry 128A of hub
104 indicating whether removable cable 106 is compatible {(e.g., circuitry 128A
transmits the amount of power it is able to deliver through cable 108, and circuitry
1288 compares this to a minimum threshold), and/or by detecting current
supplied from hub 104 through removable cable 106,

100477 Fig. 2 schematically depicts an apparatus 101 configured with
selected aspects of the present disclosure, in accordance with an example of
the present disclosure. The apparatus 101 of Fig. 2 includes circuitry 128 that

may include all or portions of circuitry 128A of hub 104 and/or 1288 of head
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component 102, In some examples, circuitry 128 may be wholly or partially
integral with removable cable 106. In this manner, the apparatus 101 depicted
in Fig. 1 may represent 102, 104, 106 or any other electronic device.

(00487 Al block 202, circuitry 128 is to determine the power configuration of
hub 104, head component 102, and removable cable 106 that couples head
component 102 and hub 104, As noted previously, the power configuration may
include: a first amount of power supplied to the hub via a mains power outlef, and
a second amount of power that is deliverable by the hub to the head component
via the removable cable.

(00497 Al block 204, circuitry 128 is {0 cause an output component that is
separate from a display (e.g., 108) operated by head component 102 to render
output that is modulated to convey an aspect of the power configuration
determined at block 202. This ouiput component may take the form of, for
instance, LEDs 124 and/or 126 and/or an embedded speaker that is integral with
hub 104 and/or head component 102, e.g., on a printed circuit board such as a
motherboard. The modulated output may include emitied light and/or sound that
is modulated to convey information, e.g., with blinks, changing colors, changing
tones, efc.

60507 Fig. 3 schematically depicts a hub 104 configured with selected
aspects of the present disclosure, in accordance with an example of the
present disclosure. As described previously, hub 104 includes circuitry 128A,
a plurality of ports 116, and an cutput component, such as an LED 126 in Fig.
3

(00517 Al block 302, circuitry 128A is to determine an amount of power that is
deliverable by a cable that connects a computing device 1o a given port of the
plurality of ports of the hub. For example, circuitry 128A may detect an amount
of power it receives from power source 110 (which may serve as a de facfo power
imit as to the amount of power hub 104 can deliver downstream) and/or may read
a cable descriptor (e.g., PDO) that indicates a power capability of removable
cable 106.

00827 Al block 304, circuitry 128A may compare the amount of power

determined at block 302 to an operational parameter of the computing device. At
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block 306, circuitry 128A may operate an output component {(e.g., LED 126)
integral with hub 104 1o convey a result of the comparison. For example, if the
amount of power determined at block 302 is less than a minimal amount of power
utitized by head component 102, then circuitry 128A may cause LED 126 to emit
various sequences of flashes and/or colors to indicate an error. if the amount of
power is sufficient, on the other hand, circuitry 128A may cause LED 126 to emit
steady light to indicale a suitable power configuration for proper operation of head
componeant 102.

(00531 Fig. 4 depicts an example method 400 for a hub 104 to practice
selected aspects of the present disclosure. In various examples, the operations
of Fig. 4 that are described herein as being performabile by hub 104 may be
performed in whole or in part by circuitry 128A. At block 402, hub 104 may
determine an amount of power supplied to hub 104 by power source 110, At
block 404, hub 104 may determine whether the amount of power satisfies a
threshold, such as a minimum operational parameter of head component 102

If the answer at block 404 is no, then at block 406, hub 104 may modulate
output of an output component such as LEDs 126 to convey a first error code,
such as a sequence of blinks or flashes.

[0054] If the answer at block 404 1s yes, on the other hand, then at block 408,
hub 104 may read a power descriptor of removable cable 106, e.g., to
determine a maximum power throughput of removable cable 106, At block 410,
hub 104 may determing whether information it gleaned from the power
descriptor at block 408 salisfies some criterion. For example, head

component 102 may have a minimum operational power usage of 140W. if
removable cable 106 is not capable of delivering 140W of power, head
componeant 102 may not operate properly. In such a case, hub 104 may
modulate output of LEDs 126 to convey a second error code which is
presumably different than the first error code of block 406, |f the answer at
block 410 is yes, on the other hand, then at block 414, hub 104 may modulate
output of LEDs 126 to convey normal operation, such as a steady white light.
[00558] Fig. 5 depicts an example method 500 for a head component 102 to

practice selected aspects ¢f the present disclosure. In various exampiles, the
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operations of Fig. 5 that are described herein as being performable by head
component 102 may be performed in whole or in part by circuitry 1288, The
operations of method 500 may be similar {o the operations of method 500 in
many respects, and may in fact be performed in paraliel or contemporaneously
with the operations of method 500, except from the perspective of head
component 102, rather than hub 104,

100867 At block 502, head component 102 may determine an amount of
power supplied to hub 104 by power source 110. For example, circuitry 128A of
hub 104 may transmit an indication of the power it receives from power source
110 to circuitry 1288 of head component 102, At block 504, head component
102 may determine whether the amount of power satisfies a threshold, such as
a minimum operational parameter of head component 102. if the answer at
block 304 is no, then at block 506, head component 102 may modulate output
of an outpui component such as LEDs 124 to convey a first error code, such as
a sequance of blinks or flashes.

(00877 If the answer at block 504 is yes, on the other hand, then at block 508,
head component 102 may determine a power configuration of removable cable
106, e.g., to determine a maximum power throughput of removable cable 106.
In some exampies, head component 102 may detarmine the power
configuration based on a message it receives from hub 104 that indicates the
maximuim power throughput of cable that hub 104 read directly from removable
cable 1068, In other examples, circuitry 1288 of head component 102 may
independently read the power descriptor 130 of removable cable 106 itself.
(00587 At block 510, head component 102 may determine whether the
maximum power throughput of removable cable 106 determined at biock 508
satisfies some criterion. For example, head component 102 may have a
minimum operational power usage of 140W. If removable cable 106 is not
capable of delivering 140W of power, head component 102 may not operate
properly. In such a case, head compenent 102 may modulate output of LEDs
124 1o convey a second error code which is presumably different than the first

error code of block 506. If the answer at block 510 is yes, on the other hand,
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then at block 514, head component 102 may modulate output of LEDs 124 to
convey rnormal operation, such as a steady white light.

(00597 Although described specifically throughout the entirety of the instant
disclosure, representative examples of the present disclosure have utility over a
wide range of applications, and the above discussion is not intended and should
not be construed to be limiting, but is offered as an illustrative discussion of

aspects of the disclosure.
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CLAIMS
What is claimed is:
1. An apparatus comprising circuitry to:

determineg a power configuration of a hub, a head component, and a
removable cable that couples the head component and the hub, wherein the
power configuration includes:

a first amount of power supplied to the hub via a mains power
outlet, and

a second amount of power that is deliverable by the hub {0 the
head component via the removable cable; and

cause an output component that is separate from a display operated by
the head component (o render output that is modulated to convey an aspect of
the power configuration.

2. The apparatus of claim 1, wherein the circuitry is integral with the
hub.

3. The apparatus of claim 1, wherein the second amount of power
that is deliverable by the hub o the head component comprises a power limit of
the removable cable.

4. The apparatus of claim 3, wherein the power limit is determined
from a power descriptor obtained from the removable cable.

5. The apparatus of claim 4, wherein the power descriptor comprises
a power delivery object (PDQO).

8. The apparatus of claim 1, wherein the second amount of power
that is deliverable by the hub to the head component is determined based on
the first amount of power.

7. The apparatus of claim 1, wherein the oulput component
comprises a light-emitting diode or an embedded speaker.

8. The apparatus of claim 7, wherein the oulput component is
integral with the hub.

9. The apparatus of claim 1, wherain the oulput component is
integral with the head component, and the circuitry is to transmit the second

amount of power {o the head component.
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10.  The apparatus of claim 1, wherein the aspect comprises the cable
being incapable of delivering sufficient power to the head component.

11, A hub comprising

a plurality of ports;

an output component; and

circuitry coupled with the plurality of ports and the output component, the
circuitry to:

determine an amount of power that is deliverable by a cable that
connects a computing device 1o a given port of the plurality of poris of the hub;

compare the amount of power {o an operational parameter of the
computing device; and

operate an cutput component integral with the hub o convey a result of
the comparison.

12.  The hub of claim 11, wherein the computing device comprises a
tablet computer with integral touch screen.

13. The hub of claim 11, wherein the amount of power is determined
from a power delivery object (PDO) obtained from the cable.

14.  The hub of claim 11, wherein the given port comprises a universal
serial bus (USB) port.

15.  The hub of claim 11, wherein the oulput component comprises a

light-emitting diode or a speaker.
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APPARATUS 101
CIRCUITRY 128
DETERMINE THE POWER CONFIGURATION OF

A HUB, AHEAD COMPONENT, AND A
REMOVABLE CABLE THAT COUPLES THE HEAD
COMPONENT AND THE HUB

CAUSE AN QUTPUT COMPONENT THAT IS
SEPARATE FROM A DISPLAY OPERATED BY
THE HEAD COMPONENT TO RENDER QUTPUT
THAT 1S MODULATED TO CONVEY AN ASPECT
OF THE POWER CONFIGURATION
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