wo 2017/049320 A1 [N I P00 OO O 00 O O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

23 March 2017 (23.03.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/049320 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
H040 3/00 (2006.01) H040 1/18 (2006.01)

International Application Number:
PCT/US2016/052555

International Filing Date:
19 September 2016 (19.09.2016)

Filing Language: English
Publication Language: English
Priority Data:

14/857,738 17 September 2015 (17.09.2015) US

Applicant: SUNPOWER CORPORATION [US/US]; 77
Rio Robles, San Jose, CA 95134 (US).

Inventors: PONEC, Andrew, J.; 4340 Peregrine Way,
Fremont, CA 94555 (US). HAU, Darren; 4340 Peregrine
Way, Fremont, CA 94555 (US). JOHNSON, Benjamin,
A.; 1414 HarborWayS, Richmont, CA 94804 (US).

Agent: G+J LAW GROUP PLLC; Attn: Georgios A.
Georgakis, 4301 W. William Cannon Dr., Ste. B150-200,
Austin, TX 78749-1487 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

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

Published:

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

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

(54) Title: COMMUNICATING WITH ARRAYS OF MODULE UNITS

&

Module Unit
170

Processor Unit(s)

15 Transceiver

" 125

F’

Memory Unit(s)
120

L]

Mobile Communication Unit;

Processor Unit(s)
Transceiver 158
- 5

Module Unit

T Memory Unit(s)
160

150

@

Fig. 1

Module Unit
180

(57) Abstract: Methods and systems include moving a mobile communication unit along a plurality of module units, and exchan -
ging data with one of the plurality of module units based at least upon the mobile communication unit being in proximity to the one
of the plurality of module units.



WO 2017/049320 PCT/US2016/052555

Description/Specification

Communicating with Arrays of Module Units

A. Background
[111] This disclosure relates generally to the field of communicating with arrays of electronic

module units.

B. Brief Description of the Drawings
[112] Other objects and advantages may become apparent upon reading the detailed

description and upon reference to the accompanying drawings.

[113] Figure 1 is a block diagram illustrating a mobile communication unit configured to

communicate with multiple module units, in accordance with some embodiments.

[114] Figure 2 is a block diagram illustrating a mobile communication unit configured to

communicate with an array of module units, in accordance with some embodiments.

[115] Figure 3 is a flow diagram illustrating a method for communicating between a mobile

communication unit and a module unit, in accordance with some embodiments.

[116] Figure 4 is a flow diagram illustrating a method for communicating between a mobile
communication unit and a solar module after waking the module unit using a light

source, in accordance with some embodiments.

[17] While specific embodiments are shown by way of example in the drawings and the
accompanying detailed description, various other modifications and alternative forms
are possible. It should be understood that the drawings and detailed description are not

intended to be limiting.
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C. Detailed Description
[118] The following detailed description is merely illustrative in nature and is not intended to

limit the embodiments of the subject matter of the application or uses of such
embodiments. As used herein, the word “exemplary” means “serving as an example,
instance, orillustration.” Any implementation described herein as exemplary is not
necessarily to be construed as preferred or advantageous over other implementations.
Furthermore, there is no intention to be bound by any expressed or implied theory
presented in the preceding technical field, background, brief summary or the following

detailed description.

[119] This specification includes references to “one embodiment” or “an embodiment.” The
appearances of the phrases “in one embodiment” or “in an embodiment” do not
necessarily refer to the same embodiment. Particular features, structures, or

characteristics may be combined in any suitable manner consistent with this disclosure.

[1110] Terminology. The following paragraphs provide definitions and/or context for terms

found in this disclosure (including the appended claims):

[1111] “Comprising.” This term is open-ended. As used in the appended claims, this term does

not foreclose additional structure or steps.

[1112] “Configured To.” Various units or components may be described or claimed as
“configured to” perform a task or tasks. In such contexts, “configured to” is used to
connote structure by indicating that the units/components include structure that
performs those task or tasks during operation. As such, the unit/component can be said
to be configured to perform the task even when the specified unit/component is not
currently operational (e.g., is not on/active). Reciting that a unit/circuit/component is
“configured to” perform one or more tasks is expressly intended not to invoke 35 U.S.C.

§112, sixth paragraph, for that unit/component.
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[1113] “First,” “Second,” etc. As used herein, these terms are used as labels for nouns that
they precede, and do not imply any type of ordering (e.g., spatial, temporal, logical,
etc.). For example, reference to a “first” module unit does not necessarily imply that
this module unit is the first module unit in a sequence; instead, the term “first” is used
to differentiate this module unit from another module unit (e.g., a “second” module

unit).

[114] “Based On.” As used herein, this term is used to describe one or more factors that
affect a determination. This term does not foreclose additional factors that may affect a
determination. That is, a determination may be solely based on those factors or based,
at least in part, on those factors. Consider the phrase “determine A based on B.” While
B may be a factor that affects the determination of A, such a phrase does not foreclose
the determination of A from also being based on C. In other instances, A may be

determined based solely on B.

[1115] “Coupled” — The following description refers to elements, nodes, or features being
“coupled”. As used herein, unless expressly stated otherwise, “coupled” means that
one element/node/feature is directly or indirectly joined to (or directly or indirectly

communicates with) another element/node/feature, and not necessarily mechanically.

[1116] “Inhibit” — As used herein, inhibit is used to describe a reducing or minimizing effect.
When a component or feature is described as inhibiting an action, motion, or condition
it may completely prevent the result or outcome or future state completely.
Additionally, “inhibit” can also refer to a reduction or lessening of the outcome,
performance, and/or effect which might otherwise occur. Accordingly, when a
component, element, or feature is referred to as inhibiting a result or state, it need not

completely prevent or eliminate the result or state.

[1117] In addition, certain terminology may also be used in the following description for the

purpose of reference only, and thus are not intended to be limiting. For example, terms
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such as “upper”, “lower”, “above”, and “below” refer to directions in the drawings to
which reference is made. Terms such as “front”, “back”, “rear”, “side”, “outboard”, and
“inboard” describe the orientation and/or location of portions of the component within
a consistent but arbitrary frame of reference which is made clear by reference to the
text and the associated drawings describing the component under discussion. Such

terminology may include the words specifically mentioned above, derivatives thereof,

and words of similar import.

[118] In the following description, numerous specific details are set forth, such as specific
operations, in order to provide a thorough understanding of embodiments of the
present disclosure. It will be apparent to one skilled in the art that embodiments of the
present disclosure may be practiced without these specific details. In other instances,
well-known techniques are not described in detail in order to not unnecessarily obscure

embodiments of the present disclosure.

[1119] Figure 1 is a block diagram illustrating a mobile communication unit configured to

communicate with multiple module units, in accordance with some embodiments.

[120] In some embodiments, mobile communication unit 110 is configured to communicate
with multiple module units, such as module units 150, 170, & 180. In some
embodiments, mobile communication unit 110 is configured to communicate with a
module unit as mobile communication unit 110 reaches a certain level of physical
proximity to the module unit. In some embodiments, mobile communication unit 100 is
configured to move sequentially in the physical proximity of each module unit and

sequentially communicate with each of the module units.

[1121] In some embodiments, mobile communication unit 110 comprises one or more
processor units 115, which are coupled to one or more memory units 120, and are
configured to implement, at least partially, the functionality of mobile communication

unit 110. Mobile communication unit 110 may also comprise transceiver 125 that is
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configured to communicate with module unit 150 as well as other units. Mobile
communication unit 110 may comprise other units as well. For example, in
embodiments where the mobile communication unit 110 is configured to provide
cleaning to the module units, the mobile communication unit 110 may also comprise

cleaning tools, cleaning supplies, etc.

[1122] Processor units 115 are configured to execute instructions in order to implement the
functionality of mobile communication unit 110. Processor units 115 are coupled to and
are configured to exchange data with one or more memory units 120, which are
configured to store instructions that are to be executed by processor units 115. In some
embodiments, the instructions may also be stored in other non-transitory, machine-

accessible storage media.

[123] In some embodiments, module unit 150 comprises one or more processor units 155,
which are coupled to one or more memory units 160, and are configured to implement,
at least partially, the functionality of module unit 150. Mobile communication unit 110
may also comprise transceiver 165 that is configured to communicate with mobile
communication unit 110. Module unit 150 may comprise other units as well. In some
embodiments, module units 170 and 180 may comprise units and functionality similar to

module unit 150.

[1124] Processor units 155 are configured to execute instructions in order to implement the
functionality of module unit 150. Processor units 155 are coupled to and are configured
to exchange data with one or more memory units 160, which are configured to store
instructions that are to be executed by processor units 155. In some embodiments, the
instructions may also be stored in other non-transitory, machine-accessible storage

media.

[1125] In some embodiments, the module units may be solar modules that may be deployed in

arrays, for example. Moreover, in some embodiments, the functionality of mobile
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communication unit 110 may be incorporated into mobile cleaning units, which may be
otherwise configured to clean the surfaces of the solar modules. The mobile cleaning
units, for example, may be configured to physically traverse the array of solar modules
and clean the surface of the solar modules in order to maintain the solar modules at an
optimum efficiency for receiving sunlight. Accordingly, communication and other
appropriate functionality may be added to the mobile cleaning units (with
corresponding communication functionality in the module units) such that the mobile
cleaning units can exchange data with the solar as the mobile cleaning units are
otherwise cleaning the surface of each one of the solar modules. In some
embodiments, the mobile cleaning units may exchange data with the solar modules
substantially concurrently to the mobile cleaning units cleaning the surface of the solar
modules. As one example, a mobile cleaning unit exchanging data with a particular
solar module (and its respective module unit) is substantially concurrent to the module
cleaning unit cleaning the surface of a solar module if the cleaning and data exchange

occur within 10 seconds of one another.

[1126] Mobile communication unit 110 and the module units may be configured to
communicate with each other using various media and/or various protocols. In some
embodiments, for example, short-range wireless radio communications may be used.
Short-range wireless communications may be implemented, for example, using
relatively inexpensive and relatively simple transceivers on both the mobile

communication unit and the module units.

[127] In some embodiments, wired communications may be used. For example, as mobile
communication unit 110 moves into the physical proximity of each of the modules, one
or more metal contacts on the mobile communication unit may electrically engage
corresponding metal contacts on the mobile unit to permit communication between the
units. In embodiments where the mobile communication unit may be continuously
moving across the module units without stopping at each, the metal contacts may be

designed to maintain electrical engagement while this relative motion is taking place.
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For example, one or both sets of contacts may be made longer in the direction of

motion in order to maintain the electrical connection.

[1128] In yet other embodiments, the mobile communication unit and the modules may
communicate using modulated light (including light in the infrared and/or ultraviolet
range). In such embodiments, the mobile communication unit and/or the module units
may comprise one or more light sources and one or more light detectors to implement

the communication.

[1129] It should be noted that, in certain embodiments, combinations of the various
communication systems may be used. For example, a different type of communication
may be used for one direction and a different type of communication may be used for
the other communication direction. In another example, a different type or types of
communication may be used for initializing/triggering the communication, and a
different type or types of communication may be used for subsequent communications

and/or data exchange.

[1130] Communication between mobile communication unit 110 and the module units may be
initialized using various methods. In some embodiments, a physical trigger may be
used. For example, as the mobile communication unit 110 reaches a certain level of
proximity to a module unit, a physical trigger (such as a simple toggle switch, for
example) may be used to communicate to the module unit that the mobile
communication unit is within communication range and to begin the communication
protocol. A physical trigger for initializing the communication may be used when the

communication being used is wired, wireless radio, light, etc.

[131] In other embodiments, the module units may be configured to periodically search for a
wireless initialization command. In response to detecting such an initialization
command, the module units may be configured to begin exchanging data with the

mobile communication unit. In some embodiments, as the mobile communication unit
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may, at times, be in constant motion across an array of module units, the period
between searches may be such as to ensure that a mobile communication unit is
detected while the mobile communication unit is within physical proximity of a module

unit.

[132] In embodiments where the module units are solar modules, mobile communication unit
110 may be configured to provide illumination in order to power and switch on the solar
module during the data exchange. For example, at times when the communication with
the mobile communication unit takes place at night when sunlight is not present, LEDs
(or other types of light sources) on the mobile communication unit may provide power
and therefore turn on the solar module for communication while the mobile
communication unit is in the physical proximity of the solar module. In such
embodiments, the solar module may be configured to initiate communication when the

solar module is turned on by an external light source.

[133] In some embodiments, light may be used to trigger the communication, power the solar
modules, and facilitate the communication. For example, the light may be modulated in
order to transmit data. In embodiments where two-way communication is required, a
light source may be incorporated into the solar modules and a light detector may be
incorporated into the mobile communication unit. In other embodiments, light may be
used to trigger the communication and to power the solar modules, but the
communication between the mobile communication unit and the solar modules may be

implemented using other wireless or wired methods.

[1134] Various methods may be used to identify with which module unit in an array of module
units mobile communication unit 110 is communicating. In some embodiments, mobile
communication unit 110 may comprise a location unit (such a GPS unit) to determine its
location and thus the location and identity (through a look-up table, for example) of the
module unit with which the mobile communication unit is communicating. In other

embodiments, each of the module units may be configured to transmit an identifier to
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the mobile communication unit or order to identify itself. Other methods may also be
used, such as NFC or a simple bar code on each module unit that may be read by the

mobile communication unit.

[135] It should be noted that, in some embodiments, a handshake between the mobile
communication unit and the module unit may not be implemented. For example, the
module unit may be configured to transmit data continuously or periodically, which may
be received by the mobile communication unit in response to the mobile

communication unit being in proximity of the module unit.

[1136] The communication between the module unit and the mobile communication unit may
be utilized for various purposes. For example, the mobile communication unit may be

configured to initialize the module units with certain operating parameters.

[137] In other embodiments, the mobile communication unit may be configured to collect
general health data from each of the module units that may be used to determine the

health status of each of the module units.

[138] In yet other embodiments, the mobile communication unit may be configured to
reprogram the module units when changes in the configuration of the module units are
needed. For example, in embodiments where the module units are solar modules, the
mobile communication unit may be configured to reprogram the module parameters
that control safety features, such as current, voltage, and/or power limit protection

circuits.

[139] It should be noted that, in some embodiments, communication between the mobile
communication unit and the module units may be two-way, or one-way from the
module units to the mobile communication units, or one-way from the mobile

communication units to the module units.
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[1140] In some embodiments, the mobile communication unit may be configured to move
continuously across arrays of module units. As such, the mobile communication unit
and the mobile units may be configured to initiate, conduct, and end communication
within the period that the mobile communication unit is in close proximity to the

module units.

[141] In some embodiments, the mobile communication unit may be configured to keep track
with which of the module units the mobile communication unit has communicated. In
some embodiments, this communication information may be used to identify units that

have defective communication units, for example.

[1142] Figure 2 is a block diagram illustrating a mobile communication unit configured to

communicate with an array of module units, in accordance with some embodiments.

[1143] Three rows of module units (collectively referred to as module units 220) are shown in
this example. The first row comprises module units 220AA-220AF, the second row
comprises module units 220BA-220BF, and the third row comprises module units

220CA-220CF.

[1144] In some embodiments, mobile communication unit 250 may be configured to traverse
each of the rows of module units and, while doing so, communicate with each of the

module units.

[1145] Mobile communication unit 250 may use a variety of methods to traverse the rows of
module units 210. For example, the mobile communication unit 250 may be configured
to roll on pairs of rails, such as pairs 220AA/220AB, 220BA/220BB, and 220CA/220CB.
The mobile communication unit may be placed on each pair of rails manually,
communicate with module units in that row, collected manually on the other end, and

then placed on the next pair of rails to repeat the process. In other embodiments, an
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automatic mechanism may be used to switch the mobile communication unit

automatically from one pair of rails to the next.

[1146] In embodiments where the module units are solar modules, the functionality of the
mobile communication units may be included in mobile cleaning devices. Mobile
cleaning devices may be configured to clean the surface of the solar modules by
traversing the array of solar modules. This process may be performed manually, semi-
manually, or fully automatically as discussed above. As the mobile cleaning device
traverses the array of solar modules, the mobile cleaning device is, at some point in

time, in close physical proximity to each of the solar modules.

[147] Accordingly, the functionality of the mobile communication unit may be included in the
mobile cleaning device. As the mobile cleaning device traverses the array, the device
may then perform the appropriate communication with each of the solar module as the

mobile cleaning device is in close physical proximity to each of the solar modules.

[1148] Figure 3 is a flow diagram illustrating a method for communicating between a mobile

communication unit and a module unit, in accordance with some embodiments.

[149] In various embodiments, the method of Figure 3 may include additional (or fewer)
blocks than illustrated. In some embodiments, the method described here may be

performed by one or more of the systems described in Figures 1-2.

[150] The method begins at 300 where, at block 310, the module unit waits for a
communication trigger from the mobile communication unit. In some embodiments,
the mobile communication unit may trigger the beginning of the communication when
the mobile communication unit is within a certain proximity of the module unit. For
example, when the mobile communication unit is within a certain proximity of the

module unit, a trigger (such as a simple toggle switch) may be detected.
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[151] In other embodiments, the communication trigger may comprise the detection of a light
signal, or the detection of vibration (caused by an approaching communication unit, for
example). In yet other embodiments, the communication trigger may be a specific time
or the passing of certain period of time since the last communication. In yet other
embodiments, the communication trigger may be the reception of a communication
trigger command from another device. For example, in embodiments where the mobile
communication unit communicates with solar modules, the communication trigger

command may be issued by a device such as an inverter coupled to the solar modules.

[152] In response to detecting the trigger, the module unit may begin the communication
protocol. If a communication trigger is not detected, decision 320 branches to the “no”
branch, where, at block 310, the module unit continues to wait for a communication

trigger from the mobile communication unit.

[153] It should be noted that, in some embodiments, a handshake between the mobile
communication unit and the module unit may not be implemented. For example, the
module unit may be configured to transmit data continuously or periodically, which may
then be received by the mobile communication unit in response to the mobile

communication unit being in proximity of the module unit.

[154] On the other hand, if the communication trigger is detected, decision 320 branches to
the “yes” branch where, at block 330, the module unit and the mobile communication

unit perform a communication handshake in order to begin communicating.

[155] At block 340, the module unit and the mobile communication unit begin communicating
and exchanging data. In some embodiments, the mobile communication unit and the
module unit may be configured to communicate with each other using various media
and/or various protocols such as short-range wireless radio, short-range wireless

communications, wired protocols, light communication protocols, etc.
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[1156] At block 350, the communication session between the module unit and the mobile
communication unit is terminated, and the method continues at block 310 where the

module unit again waits for another communication trigger.

[1157] Figure 4 is a flow diagram illustrating a method for communicating between a mobile
communication unit and a solar module after waking the module unit using a light

source, in accordance with some embodiments.

[158] In various embodiments, the method of Figure 4 may include additional (or fewer)
blocks than illustrated. In some embodiments, the method described here may be

performed by one or more of the systems described in Figures 1-2.

[159] The method begins at 400 where, at block 410, the solar module waits for a light trigger
from the mobile communication unit. The mobile communication unit may trigger the
beginning of the communication session by transmitting light to the solar module when
the mobile communication unit is within the proximity of the solar module. In some
embodiments, the communication between the units may occur at night when sunlight

is not present to otherwise trigger the solar modules.

[1160] If a light trigger is not detected, decision 420 branches to the “no” branch, where, at
block 410, the solar module continues to wait for a light trigger from the mobile

communication unit.

[1161] It should be noted that, in some embodiments, a handshake between the mobile
communication unit and the module unit may not be implemented. For example, the
module unit may be configured to transmit data continuously or periodically, which may
be received by the mobile communication unit in response to the mobile

communication unit being in proximity of the module unit.
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[1162] On the other hand, if a light trigger is detected, decision 420 branches to the “yes”
branch where, at block 425, the solar module powers on using the provided light. In
some embodiments, the light may be provided to the solar modules using LEDs
mounted on the mobile communication unit. In other embodiments, other sources of
light may be used, such as lasers, florescent bulbs, incandescent, etc. It should also be
noted that light in the infrared or ultraviolet range may also be used as well as

electromagnetic radiation in other parts of the spectrum.

[1163] At block 430, the solar module and the mobile communication unit perform a
communication handshake in order to begin communicating. In some embodiments,
the solar module performs the handshake using power provided from the light received

by the mobile communication unit.

[1164] At block 440, the solar module and the mobile communication unit begin
communicating and exchanging data. In some embodiments, the mobile
communication unit and the module unit may be configured to communicate with each
other using various media and/or various protocols. For example, modulated light may
be used for the communication. In embodiments where two-way communication is
needed, the solar module may comprise its own light source and the mobile

communication unit may comprise its own light detector.

[1165] In other embodiments, the light provided by the mobile communication unit may be
used only for powering the solar module. As such, other means of communication may
be used between the solar module and mobile communication unit such as short-range

wireless radio, short-range wireless communications, wired protocols, etc.

[166] At block 450, the communication session between the solar module and the mobile
communication unit is terminated, and the method returns to block 410 where the solar

module again waits for another light trigger.
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[1167] One or more embodiments are disclosed. It should be noted that these and any other
embodiments are exemplary and are intended to be illustrative rather than limiting.
While what is disclosed is widely applicable to various types of systems, a skilled person
will recognize that it is impossible to include all of the possible embodiments and
contexts in this disclosure. Upon reading this disclosure, many alternative embodiments

will be apparent to persons of ordinary skill in the art.

[1168] Those of skill will appreciate that the various illustrative logical blocks, modules, circuits,
and steps described in connection with the embodiments disclosed herein may be
implemented as hardware, firmware, software, or combinations of those. To illustrate
clearly this interchangeability of hardware, firmware, and software, various illustrative
components, blocks, modules, circuits, and steps have been described above generally
in terms of their functionality. Whether such functionality is implemented as hardware
or software depends upon the particular application and design constraints imposed on
the overall system. Those of skill in the art may implement the described functionality

in varying ways for each particular application.

[1169] Although specific embodiments have been described above, these embodiments are not
intended to limit the scope of the present disclosure, even where only a single
embodiment is described with respect to a particular feature. Examples of features
provided in the disclosure are intended to be illustrative rather than restrictive unless
stated otherwise. The above description is intended to cover such alternatives,
modifications, and equivalents as would be apparent to a person skilled in the art having

the benefit of this disclosure.

[1170] The scope of the present disclosure includes any feature or combination of features
disclosed herein (either explicitly or implicitly), or any generalization thereof, whether or
not it mitigates any or all of the problems addressed herein. Accordingly, new claims
may be formulated during prosecution of this application (or an application claiming

priority thereto) to any such combination of features. In particular, with reference to the
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appended claims, features from dependent claims may be combined with those of the
independent claims and features from respective independent claims may be combined

in any appropriate manner and not merely in the specific combinations enumerated in

the appended claims.

Page 16



WO 2017/049320 PCT/US2016/052555

1. A method comprising:
moving a mobile communication unit along a plurality of module units;

exchanging data with one of the plurality of module units based at least upon
the mobile communication unit being in proximity to the one of the plurality of

module units.

2. The method of claim 1, further comprising the mobile communication unit cleaning
a light-receiving surface of the one of the plurality of module units substantially
concurrently to exchanging data with the one of the plurality of module units,
wherein the one module unit is configured to receive light energy and to convert the

light energy to electrical energy.

3. The method of claim 2, further comprising the mobile communication unit emitting
light, wherein the one of the plurality of module units is configured to power on

based at least on receiving the light from the mobile communication unit.

4. The method of claim 3, wherein the mobile communication device being in
proximity comprises the one of the plurality of module units receiving the light from

the mobile communication device.

5. The method of claim 1, wherein the mobile communication device being in
proximity comprises the mobile communication device triggering a switch coupled

to the one of the plurality of module units.

6. The method of claim 1, further comprising the mobile communication unit
identifying an identity of the one of the plurality of units with which the mobile

communication unit is exchanging data.

7. A system comprising a mobile communication unit configured to:
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move along a plurality of module units, and

exchange data with one of the plurality of modules based at least upon the
mobile communication device being in proximity to the one of the plurality of

module units.

8. The system of claim 7:

wherein the one module unit is configured to receive light energy and to convert

the light energy to electrical energy, and

wherein the mobile communication unit is configured to clean a light-receiving
surface of the one of the plurality of module units substantially concurrently to

exchanging data with the one of the plurality of module units.
9. The system of claim 8:
wherein the mobile communication unit is configured to emit light, and
wherein the one of the plurality of module units is configured to power on based

at least upon receiving the light from the mobile communication unit.

10. The system of claim 9, wherein the mobile communication device being in proximity
comprises the one of the plurality of module units receiving the light from the

mobile communication device.

11. The system of claim 7, wherein the mobile communication device being in proximity
comprises the mobile communication device triggering a switch coupled to the one

of the plurality of module units.

12. The system of claim 7, wherein the mobile communication unit is configured to
identify an identity of the one of the plurality of module units with which the mobile

communication unit is exchanging data.
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13. A system comprising a module unit configured to:

exchange data with a mobile communication device based at least upon the

mobile communication device being in proximity to the module unit,
wherein the module unit is one of a plurality of module units, and

wherein the mobile communication device is configured to move along the

plurality of module units.

14. The system of claim 13:

wherein the one module unit is configured to receive light energy and to convert

the light energy to electrical energy, and

wherein the mobile communication unit is configured to clean a light-receiving
surface of the one of the plurality of module units substantially concurrently to

exchanging data with the one of the plurality of module units.

15. The system of claim 14:
wherein the mobile communication unit is configured to emit light, and

wherein the one of the plurality of module units is configured to power on based

at least upon receiving the light from the mobile communication unit.

16. The system of claim 15, wherein the mobile communication device being in

proximity comprises the one of the plurality of module units receiving the light from

the mobile communication device.

17. The system of claim 13, wherein the mobile communication device being in

proximity comprises the mobile communication device triggering a switch coupled

to the one of the plurality of module units.
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18. The system of claim 13, wherein the mobile communication unit is configured to
identify an identity of the one of the plurality of module units with which the mobile

communication unit is exchanging data.
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