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Description

Title of Invention: POSITIONING METHOD AND APPARATUS

Technical Field
[1] Apparatuses and methods consistent with exemplary embodiments relate to a method

of positioning, a positioning system, and an electronic device.

Background Art
[2] A positioning service, such a car navigation service and a route search service,

generally uses a global positioning system (GPS) to provide information about a

location for users.

[3] However, when users are in a tunnel, forest, or indoor environment where a GPS

signal is not detectable, the positioning service might not be available.

[4] A positioning service based on wireless fidelity (Wi-Fi) communication or Bluetooth

communication may be provided to users who are indoors. However, Wi-Fi commu

nication and Bluetooth communication cause a positioning system and users' devices to

consume a large amount of power. Accordingly, battery consumption also may

increase, and frequent battery exchange may worsen environmental pollution.

Disclosure of Invention

Solution to Problem
[5] In an exemplary embodiment, a positioning method includes: emitting an in

terrogator signal from an electronic device; detecting, by the electronic device, a

response signal that is generated and emitted by a sensor among a plurality of sensors,

in response to the interrogator signal; and acquiring location information about the

sensor by identifying the sensor based on the detected response signal, wherein the

response signal is generated based on transduction of the interrogator signal.

Brief Description of Drawings
[6] The above and/or other aspects will become more apparent by describing certain

exemplary embodiments with reference to the accompanying drawings, in which:

[7] FIG. 1A schematically illustrates a plan view of an indoor environment according to

an example embodiment.

[8] FIG. IB schematically illustrates a plan view of an indoor environment according to

an example embodiment.

[9] FIG. 2A illustrates a flowchart of an example positioning method.

[10] FIG. 2B illustrates a flowchart of an example positioning method.

[11] FIG. 3A illustrates an electronic device and a sensor, according to an example em

bodiment.

[12] FIG. 3B illustrates an electronic device and a sensor, according to an example em-



bodiment.

[13] FIG. 4 schematically illustrates a perspective view of an indoor environment

according to an example embodiment.

[14] FIG. 5A illustrates a graph representing locations of three sensors and an electronic

device, according to an example embodiment.

[15] FIG. 5B illustrates a graph representing locations of three sensors and an electronic

device, according to an example embodiment.

[16] FIG. 6 illustrates an example sensor.

[17] FIG. 7 illustrates example designs of sensors.

[18] FIG. 8 illustrates an example electronic device.

Best Mode for Carrying out the Invention
[19] The exemplary embodiments may address at least the above problems and/or disad

vantages and other disadvantages not described above. Also, the exemplary em

bodiments are not required to overcome the disadvantages described above, and may

not overcome any of the problems described above.

[20] In an exemplary embodiment, a positioning method includes: emitting an in

terrogator signal from an electronic device; detecting, by the electronic device, a

response signal that is generated and emitted by a sensor among a plurality of sensors,

in response to the interrogator signal; and acquiring location information about the

sensor by identifying the sensor based on the detected response signal, wherein the

response signal is generated based on transduction of the interrogator signal.

[21] In an exemplary embodiment, the plurality of sensors are configured to generate

response signals having characteristics different from each other.

[22] In an exemplary embodiment, the plurality of sensors include a plurality of passive

sensors having different designs.

[23] In an exemplary embodiment, the plurality of sensors include a plurality of surface

acoustic wave (SAW) sensors,

[24] In an exemplary embodiment, each of the plurality of SAW sensors includes a

substrate and an interdigital transducer patterned on the substrate, and the interdigital

transducers of the plurality of SAW sensors have different patterns.

[25] In an exemplary embodiment, the plurality of sensors include a plurality of surface

acoustic wave (SAW) sensors,

[26] In an exemplary embodiment, each of the plurality of SAW sensors includes an in

terdigital transducer and a reflection grating distanced apart from the interdigital

transducer, and a distance between the interdigital transducer and the reflection grating

differs among the plurality of SAW sensors.

[27] In an exemplary embodiment, the detecting the response signal includes detecting ad-



ditional response signals that are generated and emitted by at least two sensors among

the plurality of sensors, in response to the interrogator signal, the at least two sensors

being different from the sensor, and the acquiring the location information includes

acquiring location information about the at least two sensors by identifying the at least

two sensors based on the detected additional response signals.

[28] In an exemplary embodiment, the response signal from the sensor and the additional

response signals are received, by the electronic device, earlier than response signals

from a remainder of sensors of the plurality of sensors.

[29] In an exemplary embodiment, the response signal from the sensor and the additional

response signals have greater signal strengths than that of response signals from a

remainder of sensors of the plurality of sensors.

[30] In an exemplary embodiment, the emitting the interrogator signal includes: emitting

the interrogator signal when it is determined that the electronic device has moved from

an outside of a building to an inside of the building.

[31] In an exemplary embodiment, the emitting the interrogator signal includes: emitting

the interrogator signal in response to failing to receive a global positioning system

(GPS) signal.

[32] In an exemplary embodiment, the method further includes: storing identification in

formation and location information about the plurality of sensors, wherein the

acquiring the location information includes acquiring the location information about

the sensor by identifying the sensor based on the identification information and the

location information about the plurality of sensors and the detected response signal.

[33] In an exemplary embodiment, the method further includes: determining a location of

the electronic device based on the location information about the sensor.

[34] In an exemplary embodiment, an electronic device includes: a memory configured to

store instructions; and at least one processor configured to execute the instructions to

control the electronic device to emit an interrogator signal, detect a response signal that

is generated and emitted by a sensor among a plurality of sensors, in response to the in

terrogator signal, and acquire location information about the sensor by identifying the

sensor based on the detected response signal, wherein the response signal is generated

based on transduction of the interrogator signal.

[35] In an exemplary embodiment, the at least one processor is further configured to

execute the instructions to control the electronic device to detect additional response

signals that are generated and emitted by at least two sensors among the plurality of

sensors, in response to the interrogator signal, and acquire location information about

the at least two sensors by identifying the at least two sensors based on the detected ad

ditional response signals, wherein the at least two sensors are different from the sensor.

[36] In an exemplary embodiment, the at least one processor is further configured to



execute the instructions to control the electronic device to emit the interrogator signal

in response to determining that the electronic device has moved from an outside of a

building to an inside of the building.

[37] In an exemplary embodiment, the memory is further configured to store identi

fication information and location information about the plurality of sensors, and the at

least one processor is further configured to execute the instructions to control the

electronic device to acquire the location information about the sensor by identifying

the sensor based on the identification information and the location information about

the plurality of sensors, and the detected response signal.

[38] In an exemplary embodiment, the at least one processor is further configured to

execute the instructions to control the electronic device to determine a location of the

electronic device based on the location information about the sensor.

[39] In an exemplary embodiment, a positioning method includes: receiving, by an

electronic device, an interrogator signal from a reader among a plurality of sensors;

generating a response signal based on transduction of the received interrogator signal;

emitting the generated response signal; and acquiring information about an electronic

device location which is determined by the reader having received the emitted response

signal.

[40] In an exemplary embodiment, a method includes: emitting an interrogator signal

from an electronic device; receiving the interrogator signal by a sensor of a plurality of

sensors dispersed within a closed environment; transducing the received interrogator

signal into a response signal, by the sensor, the response signal having a certain charac

teristic attributable to the sensor; detecting, by the electronic device, the response

signal that has been emitted by the sensor; acquiring a location of the sensor by

identifying the sensor based on the certain characteristic in the detected response

signal, the location of the sensor being pre- stored in a memory; and calculating a

location of the electronic device based on the location of the sensor.

[41] In an exemplary embodiment, the interrogator signal is additionally received by two

sensors which are included into the plurality of sensors and are different from the

sensor, the received interrogator signal is transduced by each of the two sensors into

corresponding response signals, each of the corresponding response signals has a

certain characteristic, and the method further includes: additionally detecting, by the

electronic device, the corresponding response signals that have been emitted by the

two sensors; acquiring locations of the two sensors by identifying the two sensors

based on the certain characteristic in the detected response signals, the locations of the

two sensors being pre-stored in the memory; and calculating the location of the

electronic device by triangulating the location of the sensor and the locations of the

two sensors.



[42] In an exemplary embodiment, the transducing includes: transmitting, by a transducer

of the sensor, the interrogator signal as a sound wave on a surface of the sensor in a

transmission direction; reflecting the sound wave in a direction opposite to the

transmission direction, toward the transducer; and emitting, by the transducer, the

response signal transduced from the sound wave.

[43] In an exemplary embodiment, the certain characteristic is based on a time during

which the sound wave propagates in the transmission direction before being reflected.

Mode for the Invention
[44] Certain exemplary embodiments are described in greater detail below with reference

to the accompanying drawings.

[45] In the following description, like drawing reference numerals are used for like

elements, even in different drawings. The matters defined in the description, such as

detailed construction and elements, are provided to assist in a comprehensive under

standing of the exemplary embodiments. However, it is apparent that the exemplary

embodiments can be practiced without those specifically defined matters. Also, well-

known functions or constructions are not described in detail since they would obscure

the description with unnecessary detail.

[46] In the present disclosure, it should be understood that the terms "comprises,"

"comprising," "including," and "having" are inclusive and therefore specify the

presence of stated features or components, but do not preclude the presence or addition

of one or more other features or components. In the present disclosure, terms such as

"unit" and "module" should be understood as a unit in which at least one function or

operation is processed and may be embodied as hardware, software, or a combination

of hardware and software.

[47] FIG. 1A schematically illustrates a plan view of an indoor environment 100

according to an example embodiment.

[48] Referring to FIG. 1A, a plurality of sensors 300 including a sensor 300a may be

located in a same floor 100a of a building. An electronic device 200 may be one of the

electronic devices within the indoor environment 100 and may communicate with the

sensor 300a, which is closer to the electronic device 200 than other sensors to identify

the sensor 300a, and acquire location information about the sensor 300a to determine a

location of the electronic device 200. The electronic device 200 and the sensor 300a

may communicate with each other by short range communication. The electronic

device 200 may include a radio frequency identification (RFID) reader to communicate

with the sensor 300a. The electronic device 200 may be located in the floor 100a. A

floor of the building may include aisles 101 and spaces 101a (e.g., rooms) divided by

aisles 101.



[49] FIG. IB schematically illustrates a plan view of an indoor environment 200

according to an example embodiment.

[50] Referring to FIG. IB, the sensors may be embodied as readers 300b and may be

located in a same floor 100a of a building. An electronic device 200 may communicate

with the reader 300b which is closer to the electronic device 200 than other readers to

identify the reader 300b, and then acquire information about a location of the

electronic device 200 determined based on the reader 300b. The electronic device 200

and the reader 300b may communicate with each other by short range communication.

The reader 300b may be an RFID reader capable of communicating with the electronic

device 200. The electronic device 200 may include an RF sensor to communicate with

the reader 300b. The RF sensor may be an RF tag.

[51] A method of acquiring location information of a sensor among a plurality of sensors

is described below by referring to FIGS. 1A and 2A.

[52] In operation S210a, the electronic device 200 may emit an interrogator signal. The

interrogator signal may be an RF signal, and be emitted through an antenna of the

electronic device 200. In an example embodiment, the interrogator signal may be

generated by an RFID reader included in the electronic device 200, but is not limited

thereto. When the RFID reader is located outside of the electronic device 200, a

location of the RFID reader may be determined instead of the electronic device 200.

[53] In an example embodiment, the electronic device 200 may emit the interrogator

signal when it is determined that the electronic device 200 has moved from the outside

of the building to the inside thereof. For example, the electronic device 200 may emit

the interrogator signal when receiving of a GPS signal fails. The electronic device 200

may stop emitting the interrogator signal when receiving a GPS signal. Accordingly,

the electronic device 200 may efficiently emit the interrogator signal so resources and

power may be conserved.

[54] In operation S220a, the sensor 300a may receive the interrogator signal emitted from

the electronic device 200. The interrogator signal may be received through an antenna

of the sensor 300a. In FIGS. 1A and 2A, it is illustrated that the interrogator signal

emitted from the electronic device 200 is received by one sensor 300a, but is not

limited thereto. For example, the interrogator signal emitted from the electronic device

200 may be received by two or more sensors.

[55] In operation S230a, the sensor 300a may generate a response signal based on

transduction of the interrogator signal. In an example embodiment, the sensor 300a

may generate the response signal by using the interrogator signal for power. In an

example embodiment, the sensor 300a may be a passive sensor containing passive

elements. For example, when the sensor 300a is a surface acoustic wave (SAW)

sensor, the interrogator signal is transduced into a surface acoustic wave which is then



transduced into the response signal. The passive sensor is not connected to a battery or

power source so it may need less maintenance than an active sensor. Therefore, p o

sitioning methods according to example embodiments may be used outside where

electric power is not supplied well.

[56] Response signals emitted by a plurality of sensors may be distinguished from each

other. In an example embodiment, the response signals may have different char ac

teristics, and the electronic device 200 may identify, based on different signal char ac

teristics, the sensor 300a which has emitted a response signal. That is, the response

signal of the sensor 300a may be used as an identification (ID) of the sensor 300a. The

response signals may have different signal characteristics according to different

designs of the sensors. The response signals are generated based on a received in

terrogator signal, thus, even when a plurality of interrogator signals are emitted from a

plurality of electronic devices, each electronic device may detect a response signal that

is generated based on its interrogator signal. Therefore, the electronic device 200 is not

affected by other devices according to an example embodiment.

[57] In operation S240a, the sensor 300a may emit the response signal. The response

signal may be an RF signal, and be emitted through an antenna of the sensor 300a.

[58] In operation S250a, the electronic device 200 may detect the response signal emitted

from the sensor 300a. The electronic device 200 may perform an additional process

such as signal modulation on the detected response signal to identify the sensor 300a

based on the response signal. In an example embodiment, the response signal may be

detected by an RFID reader included in the electronic device 200, but is not limited

thereto. When the RFID reader is located outside of the electronic device 200, a

location of the RFID reader may be determined instead of the electronic device 200.

[59] When the interrogator signal emitted from the electronic device 200 is received at a

plurality of sensors, the plurality of sensors may generate and emit response signals. In

an example embodiment, the electronic device 200 may detect one of response signals

based on at least one among signal strengths and travel times. That is, the electronic

device 200 may use a limited number of response signals, and thus, resources for de

termining a location of the electronic device 200 may be conserved.

[60] In an example embodiment, the electronic device 200 may detect a response signal

that is generated based on an interrogator signal from the electronic device 200. In an

example embodiment, the electronic device 200 does not detect response signals

generated based on interrogator signals from other devices. Therefore, the electronic

device 200 is not affected by response signals that are generated based on interrogator

signals from other devices.

[61] In operation S260a, the electronic device 200 may identify the sensor 300a based on

the response signal. Response signals emitted by sensors are distinguished from each



other, thus, the electronic device 200 may identify among sensors the sensor 300a that

has emitted the response signal. That is, the response signal may function as an ID of

the sensor 300a.

[62] In an example embodiment, the electronic device 200 may store identification in

formation about sensors, and search for identification information about the sensor

300a based on the detected response signal. The identification information about the

sensors may be stored in a server, and the electronic device 200 may request the server

to identify the sensor 300a among the sensors based on the detected response signal.

The electronic device 200 may download the identification information about the

sensors from the server.

[63] In operation S270a, the electronic device 200 may acquire location information about

the sensor 300a. When sensors are located in a building, location information about the

sensors may include information about where the sensors are located in the building, in

which floor the sensors are located, and in which room or aisle the sensors are located,

but is not limited thereto. The location information about the sensors may be rep

resented by two or three dimensional coordinates, but is not limited thereto. When the

location information about the sensors is represented by three dimensional coordinates,

one of coordinates may indicate which floor the sensors are located. Locations of the

sensors may be fixed, and thus, the location information about the sensors does not

change as identification information about the sensors. The location information and

the identification information about the sensors may be paired with each other, e.g., a s

sociated with each other.

[64] In an example embodiment, the electronic device 200 may periodically or con

tinuously emit an interrogator signal, thereby detecting response signals from sensors

and determining or tracking a route of the electronic device 200. As a signal strength of

a detected response signal from a sensor is reduced or a travel time thereof is

increased, it may be determined that the electronic device 200 is getting farther away

from the sensor. As a signal strength of a detected response signal from a sensor is

increased or a travel time thereof is decreased, it may be determined that the electronic

device 200 is getting closer to the sensor.

[65] In an example embodiment, the electronic device 200 may store location information

about sensors and acquire location information about the sensor 300a among the

sensors based on a detected response signal from the sensor 300a. The location in

formation about the sensors may be stored in a server, and the electronic device 200

may request the server to identify the sensor 300a among the sensors based on the

detected response signal from the sensor 300a. The electronic device 200 may

download the location information about the sensors from the server.

[66] In an example embodiment, the electronic device 200 may acquire location in-



formation about the identified sensor 300a to determine a location of the electronic

device 200. For example, a location represented by the location information about the

identified sensor 300a may be determined as a location of the electronic device 200. In

an example embodiment, the electronic device 200 may determine the location of the

electronic device 200 based on detected response signals from one or more identified

sensors. For example, a location of the electronic device 200 may be determined by

locations represented by location information about the one or more identified sensors,

and, for example, may be a center of the locations.

[67] In an example embodiment, the electronic device 200 may mark the location of the

electronic device 200 on a map based on the location information about the identified

sensor 300a. Location information about sensors that are located in a certain area may

be mapped onto a map of the area. The location information about the sensors may be

mapped with respect to corresponding locations on the map. The area may be a park,

structure, building, mountain, and tunnel, but is not limited thereto. The map may be a

planar map, but is not limited thereto. A map of a building may include a planar map

of each floor. The electronic device 200 may download a map from a server.

[68] In an example embodiment, the electronic device 200 may download identification

information and location information about sensors, and a map of an area where the

sensors are located. The identification information and location information about the

sensors may be mapped onto the map, and mapped with respect to corresponding

locations on the map.

[69] A method of acquiring information about a location of the electronic device is

described below by referring to FIGS. IB and 2B.

[70] In operation S210b, the plurality of readers including the reader 300b respectively

emit interrogator signals. The interrogator signals emitted by the plurality of readers

may be distinguished from each other. For example, the interrogator signals may have

different signal patterns. The interrogator signals may be RF signals and be re

spectively emitted through antennas of the readers. In an example embodiment, the

readers may be RFID readers, and the interrogator signals may be generated and

emitted by the RFID readers.

[71] In operation S220b, the electronic device 200 may detect an interrogator signal

emitted from the reader 300b in operation S210b. Here, the reader 300b may be the

closest to the electronic device 200 among the plurality of readers. The interrogator

signal may be received through an antenna of the electronic device 200. In FIGS. IB

and 2B, it is illustrated that the interrogator signal emitted from the reader 300b is

received by one electronic device 200, but is not limited thereto. For example, the in

terrogator signal emitted from the reader 300b may be received by two or more

electronic devices.



[72] In operation S230b, the electronic device 200 may generate a response signal based

on transduction of the interrogator signal. In an example embodiment, the electronic

device 200 may generate the response signal by using the interrogator signal for power.

In an example embodiment, the electronic device 200 may include a sensor that

responds to the received interrogator signal from the reader 300b. The sensor may be a

passive sensor. For example, when the sensor is an SAW sensor, the interrogator signal

is transduced into a surface acoustic wave which is then transduced into the response

signal. The passive sensor is not connected to a power source so power of a battery of

the electronic device 200 may be conserved.

[73] Interrogator signals emitted by the readers may be distinguished from each other, and

the response signals emitted by the electronic devices may be distinguished from each

other. In an example embodiment, the interrogator signals may have different char ac

teristics, and the electronic device 200 may identify, based on different signal char ac

teristics, the reader 300b which has emitted an interrogator signal. Further, the

response signal of the electronic device 200 may be used as an ID of the electronic

device 200. Response signals may have different signal characteristics according to

different designs of the readers which generates the response signals. The response

signals are generated based on a received interrogator signal, thus, even when a

plurality of interrogator signals are emitted from a plurality of readers, each reader may

detect a response signal that is generated based on its interrogator signal. Therefore, a

reader is not affected by other readers according to an example embodiment.

[74] In operation S240b, the electronic device 200 may emit the response signal. The

response signal may be an RF signal, and be emitted through an antenna of the

electronic device 200.

[75] In operation S250b, the reader 300b may detect the response signal emitted from the

electronic device 200. The reader 300b may perform an additional process such as

signal modulation on the detected response signal to identify the electronic device 200

based on the response signal.

[76] In an example embodiment, the reader 300b may detect a response signal that is

generated based on an interrogator signal from the reader 300b. In an example em

bodiment, the reader 300b does not detect response signals that are generated based on

interrogator signals from other readers. Therefore, the reader 300b is not affected by

response signals generated based on interrogator signals from other readers.

[77] In operation S260b, the reader 300b may identify the electronic device 200 based on

the response signal. The electronic device 200 illustrated in FIG. 2B is to be identified

by the reader 300b, but is not limited thereto, and may be identified by a hub commu

nicating with the reader 300b.

[78] In an example embodiment, the reader 300b or the hub may acquire identification in-



formation about electronic devices, and identify the electronic device 200 based on the

identification information and the detected response signal. The identification in

formation about the electronic devices may be acquired from the electronic devices by

the hub or readers, and transmitted to the reader 300b or the hub.

[79] In operation S270b, the reader 300b may determine a location of the electronic

device 200 based on the identified response signal. The location of the electronic

device 200 illustrated in FIG. 2B is to be determined by the reader 300b, but is not

limited thereto, and may be determined by a hub communicating with the reader 300b.

The hub may determine the location of the electronic device 200 based on a location of

the reader 300b. According to an example embodiment, the location of the electronic

device 200 may be determined by a plurality of readers that have received response

signals from the electronic device 200. In an example embodiment, the hub may com

municate with the plurality of readers to determine the location of the electronic device

200. For example, the hub may determine the location of the electronic device 200 as a

center of locations of the plurality of readers.

[80] When readers are located in a building, locations of the readers may be represented

by where the readers are located in the building, in which floor the readers are located,

and in which room or aisle the readers are located, but is not limited thereto. The

locations of the readers may be represented by two or three dimensional coordinates,

but is not limited thereto. When the locations of the readers are represented by three d i

mensional coordinates, one of coordinates may indicate in which floor the readers are

located. The locations of the readers may be fixed, and thus, information about the

locations of the readers does not change as identification information about the readers.

The information about the locations of the readers and the identification information

about the readers may be paired with each other.

[81] In an example embodiment, the location of the electronic device 200 may be de

termined based on a signal strength of the response signal received by the reader 300b,

or a time period from transmitting an interrogator signal to receiving the response

signal.

[82] In an example embodiment, a hub may be located in each floor of a building, and

each hub may communicate with readers and the electronic device 200. The hub may

communicate with the readers via short-range communication. The short-range com

munication may include Bluetooth communication, Bluetooth Low Energy (BLE)

communication, Near Field Communication (NFC), wireless fidelity (Wi-Fi) commu

nication, ZigBee communication, infrared data association (IrDA) communication, Wi-

Fi direct (WFD) communication, ultra-wideband (UWB) communication, Ant+ com

munication, and Z-wave communication, but is not limited thereto.

[83] A hub may communicate with each other by the short-range communication, but is



not limited thereto. The hub may be connected to the electronic device 200 via the

same domain network.

[84] The electronic device 200 may receive interrogator signals from a plurality of

readers, and then emit response signals correspondingly. The plurality of readers may

respectively receive and identify each response signal, and a location of the electronic

device 200 may be determined by a reader that of which a received signal has the

greatest signal strength or the shortest delay time. That is, by using a limited number of

response signals, resources for determining the location of the electronic device 200

may be conserved.

[85] In an example embodiment, readers may periodically or continuously emit in

terrogator signals, thereby, detecting response signals from the electronic device 200

and determining or track a route of the electronic device 200. As a detected response

signal from a reader has a signal strength being reduced or a delay time being

increased, it may be determined that the electronic device 200 is getting away from the

reader. As a detected response signal from a reader has a signal strength being

increased or a travel time being decreased, it may be determined that the electronic

device 200 is getting closer to the reader.

[86] In operation S280b, the reader 300b may transmit, to the electronic device identified

in operation S260b, information about the location of the electronic device 200 de

termined in operation S270b. The information about the location of the electronic

device 200 is illustrated in FIG. 2B to be transmitted by the reader 300b, but is not

limited thereto, may be transmitted by a hub communicating with the reader 300b.

[87] In an example embodiment, the electronic device 200 may mark the location of the

electronic device 200 on a map based on the information about the electronic device

200 transmitted from the reader 300b or the hub. Location information about readers

that are located in a certain area may be mapped onto a map of the area. The location

information about the readers may be mapped with respect to corresponding locations

on the map. The area may be a park, structure, building, mountain, and tunnel, but is

not limited thereto. The map may be a planar map, but is not limited thereto. A map of

a building may include a planar map of each floor. The electronic device 200 may

download a map from a server.

[88] In an example embodiment, the electronic device 200 may download identification

information and location information about readers, and a map of an area where the

readers are located. The identification information and location information about the

readers may be mapped onto the map, and mapped with respect to corresponding

locations on the map.

[89] Referring to FIGS. 1A, 2A, and 3A, the electronic device 200 may emit an in

terrogator signal, and the sensor 300a may emit a response signal upon receiving the



interrogator signal from the electronic device 200, according to an example em

bodiment. The electronic device 200 may detect the response signal from the sensor

300a to identify the sensor 300a, and acquire location information about the identified

sensor 300a.

[90] The electronic device 200 may be a smartphone, tablet, personal digital assistant

(PDA), media player, portable multimedia player, e-book reader, digital broadcast

device, personal computer (PC), laptop computer, micro server, navigation, MP3

player, or digital camera, but is not limited thereto.

[91] The electronic device 200 is illustrated in FIG. 3A as including a processor 202a and

a transceiver 204a, but is not limited thereto. For example, the transceiver 204a might

not be included into the electronic device 200 and may be an element of another

device. As another example, the transceiver 204a may be included in the electronic

device 200 as an element of an RFID reader.

[92] The processor 202a of the electronic device 200 may control operations of methods

according to an example embodiment. The processor 202a may be a controller, a m i

crocontroller, or a part thereof. The controller and microcontroller may include a

plurality of modules, and each module may perform at least one function or at least one

operation.

[93] The transceiver 204a may emit an interrogator signal, and receive a response signal

emitted from the sensor 300a. The transceiver 204a may consist of a transmitter for the

interrogator signal and a receiver for the response signal. The transceiver 204a may be

an element of an RFID reader.

[94] The electronic device 200 may further include a memory 206 for storing a program,

one or more instructions, or data. The memory 206 may be included into the electronic

device 200 or may be a separate element. The processor 202a of the electronic device

200 may execute a control program, instruction, or data stored in the memory 206 to

perform operations of methods according to an example embodiment. The processor

202a may be configured to be coupled with the memory 206 to execute instructions

stored in the memory.

[95] The sensor 300a may include a transducer 320a. The transducer 320a may generate a

response signal transduced from an interrogator signal. In an example embodiment, the

sensor 300a may generate the response signal by using the interrogator signal for

power. In an example embodiment, the sensor 300a may be a passive sensor containing

passive elements. For example, when the sensor 300a is an SAW sensor, the in

terrogator signal is transduced into a surface acoustic wave which is then transduced

into the response signal.

[96] Response signals generated by transducers of sensors may be distinguished from

each other. In an example embodiment, the response signals may have different char-



acteristics, and the electronic device 200 may identify, based on different signal char

acteristics, the sensor 300a which has emitted a response signal. That is, the response

signal generated by the transducers of the sensors may be used as IDs of the sensors.

[97] Referring to FIGS. IB, 2B, and 3B, the reader 300b may emit an interrogator signal,

and the electronic device 200 may emit a response signal upon receiving the in

terrogator signal from the reader 300b, according to an example embodiment. The

reader 300b may detect the response signal to identify the electronic device 200, and

determine a location of the identified electronic device 200.

[98] The reader 300b is illustrated in FIG. 3B as including a processor 302b and a

transceiver 304b, but is not limited thereto. For example, the transceiver 304b might

not be included in the reader 300b, and may be an element of other device.

[99] The processor 302b of the reader 300b may control operations of methods according

to an example embodiment. The processor 302b may be a controller, a microcontroller,

or a part thereof. The controller and microcontroller may include a plurality of

modules, and each module may perform at least one function or at least one operation.

[100] The transceiver 304b may emit an interrogator signal, and receive a response signal

emitted from the electronic device 200. The transceiver 304a may consist of a

transmitter for the interrogator signal and a receiver for the response signal. The reader

300b may be an RFID reader.

[101] The reader 300b may further include a memory 312 for storing a program, one or

more instructions, or data. The memory 312 may be included into the reader 300b or

may be a separate element. The processor 302b of the reader 300b may execute a

control program, instruction, or data stored in the memory to perform operations of

methods according to an example embodiment. The processor 302b may be configured

to be coupled with the memory to execute instructions stored in the memory.

[102] The electronic device 200 may include a transducer 220b. The transducer 220b may

generate a response signal transduced from an interrogator signal. In an example em

bodiment, the reader 300b may include a sensor which generates the response signal by

using the interrogator signal for power. In an example embodiment, the sensor may be

a passive sensor. For example, when the sensor is an SAW sensor, the interrogator

signal is transduced into a surface acoustic wave which is then transduced into the

response signal. Response signals emitted by a plurality of transducers of the electronic

devices may be distinguished from each other. In an example embodiment, the

response signals may have different characteristics, and the reader 300b may identify,

based on different signal characteristics, the electronic device 200 which has emitted a

response signal. That is, the response signal generated by transducers of the electronic

devices may be used as IDs of the electronic devices.

[103] FIG. 4 schematically illustrates a perspective view of an indoor environment



according to an example embodiment.

[104] The indoor environment may be a building 400 which consists of a plurality of floors

410, 420, 430, 440, and 450, corresponding to the floor 100a. The sensors 300 are

located in each floor, as described above. The sensors may be located on a ceiling, but

is not limited thereto. Location information about a sensor 300 may include in

formation about a floor 430 where the sensor 300 is located in the building 400. The

electronic device 200 may acquire location information about the sensor 300, and

determine which floor the electronic device 200 is located in the building 400.

[105] In an example embodiment, location information about a sensor may include in

formation about two dimensional coordinates on a floor where the sensor is located,

and the electronic device 200 may determine a location of the electronic device 200 on

a two dimensional coordinates based on acquiring the location information about the

sensor.

[106] In an example embodiment, the electronic device 200 may detect one of response

signals based on at least one among signal strengths and delay times, for example,

detect a response signal that is received the earliest or that has the greatest signal

strength.

[107] In an example embodiment, the electronic device 200 may determine its location on

two dimensional coordinates based on response signals from sensors that are located in

the same floor.

[108] An example embodiment described with reference to FIG. 4 is applicable to example

embodiments described above with reference to FIGS. 1A to 3B.

[109] FIG. 5A illustrates a graph representing locations of three sensors and a location of

an electronic device according to an example embodiment.

[110] In an example embodiment, the electronic device may determine its location based

on location information about three sensors. For example, the location of the electronic

device may be determined as a center of three sensors.

[Ill] The location of the electronic device might not be the center of three sensors. In

order to improve the accuracy, triangulation may be used as illustrated in FIG. 5A. Tri-

angulation may be performed based on a received signal strength indicator (RSSI).

[112] Equation 1

[113]
P{d) =P )+l nl g (d/d )+X

[114] In Equation 1, d represents a distance between the electronic device a sensor, P(d)

represents a signal strength of response signal that is emitted by a sensor at a distance d

away from the electronic device and detected by the electronic device, dO represents a

reference distance, P(d0) represents a signal strength of response signal that is emitted



by a sensor at a reference distance dO away from the electronic device and detected by

the electronic device, n is a path attenuation coefficient, and Xs is a normal random

variable with a standard deviation of as.

[115] Values of dO, n, and Xs may be predetermined. A value of P(d0) may be prede

termined or pre-measured. The electronic device may detect three response signals

emitted from three sensors, and calculate distances between the electronic device and

three sensors based on signal strengths of three response signals.

[116] The distance d may be expressed as Equation 2 based on Equation 1.

[117] Equation 2

[118]
d = x l d - d -x ]/ Wn

[119] Referring to FIG. 5A, locations of three sensors, and distances between the electronic

device and three sensors may be expressed as Equation 3.

[120] Equation 3

[121]
2 + (y l -y) 2 = d

[122] The electronic device may determine its location based on location information about

three sensors and distances between the electronic device and three sensors.

[123] An interrogator signal emitted by the electronic device may be received at more than

three sensors, and each sensor may emit a response signal. In an example embodiment,

the electronic device may detect three response signals among more than three

response signals, and determine its location based on the detected three response

signals. For example, the electronic device may determine its location based on three

response signals that are detected by the electronic device earlier than other response

signals. That is, three response signals may be detected based on a time period from

transmitting an interrogator signal and receiving a response signal.

[124] In an example embodiment, the electronic device may detect more than three

response signals, and determine its location based on three response signals among

more than three response signals. For example, the electronic device may use three

response signals that have greater signal strength than other response signals to

determine its location.

[125] FIG. 5B illustrates a graph representing locations of three readers and a location of an

electronic device according to an example embodiment.

[126] In an example embodiment, the electronic device may receive interrogator signals



from a plurality of readers, and emit a plurality of response signals, and each reader

may detect a response signal. A location of the electronic device may be determined by

three readers among readers that have received response signals from the electronic

device. For example, the location of the electronic device may be determined based on

location information about three readers.

[127] In order to improve the accuracy, triangulation may be used as illustrated in FIG. 5B.

Triangulation may be performed based on a received signal strength indicator (RSSI).

[128] Equation 4

[129]
P(d) = P(d ) + l n l (d/d ) +X

[130] In Equation 4, d represents a distance between the electronic device a reader, P(d)

represents a signal strength of response signal that is emitted by the electronic device at

a distance d away from the reader and detected by the reader, dO represents a reference

distance, P(d0) represents a signal strength of response signal that is emitted by the

electronic device at a reference distance dO away from the reader and detected by the

reader, n is a path attenuation coefficient, and Xs is a normal random variable with a

standard deviation of σ.

[131] Values dO, n, and Xs may be predetermined. A value P(d0) may be predetermined or

pre-measured. Distances between the electronic device and three readers may be

calculated based on signal strengths of three response signals detected at the electronic

device.

[132] The distance d may be expressed as Equation 5 based on Equation 4.

[133] Equation 5

[134]

d = d x d - w -x ]/(Wn)

[135] Referring to FIG. 5B, locations of three sensors, and distances between the electronic

device and three sensors may be expressed as Equation 6.

[136] Equation 6

[137]
(x - x) + y - y ) =d

(x' -x) 2 +(y' -y) 2 =d' 2

(x
< - x + ( -yY = ' 2

[138] A location of the electronic device may be determined based on location information

about three readers and distances between the electronic device and three readers.

[139] The electronic device may emit a plurality of response signals in response to a

plurality of interrogator signals from a plurality of readers. The plurality of readers



may receive response signals emitted by the electronic device. A location of the

electronic device may be determined based on three response signals of three readers

among readers that have received response signals from the electronic device. For

example, the location of the electronic device may be determined based on three

response signals of three readers that have received and detected three response signals

earlier than other readers. Based on a time period from transmitting an interrogator

signal to detecting a response signal, three readers may be determined among the

readers.

[140] In an example embodiment, the location of the electronic device may be determined

based on three response signals that have greater signal strength than other response

signals.

[141] In an example embodiment, three readers may be determined by a hub commu

nicating with the readers.

[142] FIG. 6 illustrates an example sensor.

[143] Referring to FIG. 6, a sensor or sensors 300 may be a surface acoustic wave (SAW)

sensor or sensors 600. The SAW sensor 600 may include a piezoelectric substrate 610,

an interdigital transducer 620, and reflection gratings 630a and 630b. The interdigital

transducer 620 and the reflection gratings 630a and 630b may be patterned on the

substrate 610, and separated from each other.

[144] In an example embodiment, an interrogator signal may be an RF signal, and the

SAW sensor 600 may include an antenna. The interrogator signal emitted from the

electronic device may be received at the SAW sensor 600 via the antenna, and a

response signal generated based on transduction of the response signal may be emitted

from the SAW sensor 600.

[145] In response to receiving an interrogator signal at the SAW sensor 600, the interdigital

transducer 620 may generate an electric field on the substrate 610. The generated

electric field vibrates the substrate 610 by piezoelectric effect, thereby, a surface

acoustic wave propagates across a surface of the substrate 610. That is, the interrogator

signal received at the SAW sensor 600 is transduced to a surface acoustic wave by the

interdigital transducer.

[146] The surface acoustic wave transduced from the interrogator signal is propagated in

opposite directions across the surface of the substrate 610 to the reflection gratings

630a and 630b. The surface acoustic wave is reflected back by the reflection gratings

630a and 630b and propagated across the surface of the substrate 610 to the interdigital

transducer 620, and then transduced to a response signal by the interdigital transducer.

The SAW sensor 600 is illustrated in FIG. 6 as including two reflection gratings 630a

and 630b, but is not limited thereto, may include one reflection grating.

[147] A response signal generated by a sensor may vary according to an interior design of



the SAW sensor 600. For example, a frequency, a peak frequency, and a delay time of

the response signal may vary according to the interior design of the SAW sensor 600,

for example, physical characteristics of components included in the sensor, a con

figuration of components, and a pattern of components. The delay time of the response

signal may be referred to as a time period from receiving an interrogator signal and to

emitting a response signal. A response signal generated by each sensor may be used as

an ID of each sensor by differentiating an interior design of each sensor.

[148] A frequency and a peak frequency of a response signal may vary according to a

pattern of the interdigital transducer 620 patterned on the substrate 610. The SAW

sensors 600 may be designed so as to emit different response signals (of different peak

frequencies), and the electronic device may identify, based on a peak frequency of a

detected response signal, a sensor that has emitted the detected response signal. That is,

a peak frequency of the response signal may function as an ID of the SAW sensor 600.

A peak frequency may be a resonance frequency of the response signal and the in

terrogator signal. For example, a plurality of frequency component signals are con

tinuously emitted as an interrogator signal, and the SAW sensor 600 may receive the

plurality of frequency component signals to generate a response signal resonating with

the interrogator at a certain frequency by a pattern of the interdigital transducer 620.

That is, the response signal has a maximum magnitude around the certain frequency.

[149] In an example embodiment, a delay time of a response signal may vary according to

distance between the interdigital transducer 620 and the reflection gratings 630a and

630b. Sensors may be designed so as to emit different response signals (of different

delay times), and the electronic device may identify, based on a delay time of a

detected response signal, a sensor that has emitted the detected response signal. A

travel time of the response signal from the SAW sensor 600 to the electronic device is

negligibly short compared to its delay time, thus, the delay time of the response signal

may be used as an ID of the SAW sensor 600.

[150] In an example embodiment, when the readers 300b are used, the electronic device

may include the SAW sensor 600 designed to emit a different response signal from

other SAW sensors, the electronic device that has emitted the response signal may be

identified based on based on a signal strength or a delay time of the response signal. A

travel time of the response signal from the electronic device to a reader is negligibly

short compared to its delay time, and thus, the delay time of the response signal may be

used as an ID of the electronic device.

[151] A delay time of a response signal may vary according to a distance between an in

terdigital transducer and reflection gratings, which as described by referring to FIG. 7.

[152] FIG. 7 illustrates example designs of sensors.

[153] Referring to FIG. 7, SAW sensors 700a, 700b, 700c, and 700d respectively includes



interdigital transducers 720a, 720b, 720c, and 720d, and reflection gratings 730a, 730b,

730c, and 730d. A distance between an interdigital transducer 720a and a reflection

grating 730a of an SAW sensor 700a is narrower than other SAW sensors 700b, 700c,

and 700d.

[154] Upon receiving an interrogator signal from the electronic device, the interrogator

signal received at the SAW sensor 700a is transduced to a surface acoustic wave by the

interdigital transducer 720a, and then propagated to the reflection grating 730a. The

surface acoustic wave propagated to the reflection grating 730a is reflected by the re

flection gratings 730a, and propagated back to the interdigital transducer 720a, and

then transduced to a response signal by the interdigital transducer 720a.

[155] The distance between the interdigital transducer 720a and the reflection grating 730a

of the SAW sensor 700a is narrower than that of other SAW sensors 700b, 700c, and

700d, thus, a delay time of a response signal generated by the SAW sensor 700a is

shorter than that of other SAW sensors 700b, 700c, and 700d.

[156] Therefore, even when an interrogator signal from the electronic device is received by

the SAW sensors 700a, 700b, 700c, and 700d at the same time, delay times of response

signals emitted from the SAW sensors 700a, 700b, 700c, and 700d may be different

from each other.

[157] In an example embodiment, when the readers 300b are used, an electronic device

may include sensors such as the SAW sensors 700a, 700b, 700c, and 700d.

[158] Referring to FIG. 8, an example electronic device 1000 may correspond to the

electronic device 200 of FIG. 3A. The electronic device 1000 may include a controller

1300, e.g., a processor or a microprocessor, and a short-range wireless communication

interface 1510 which respectively correspond to the processor 202a and the transceiver

204a of the electronic device 200 of FIG. 3A.

[159] The electronic device 1000 may further include an input interface 1100, an output

interface 1200, a sensor 1400, a communication interface 1500, an audio/video (A/V)

interface 1600, and a memory 1700. However, all the components shown in FIG. 8 are

not essential components of the electronic device 1000. The electronic device 1000

may be implemented by more or less components than shown in FIG. 8.

[160] The input interface 1100 may be used for a user to input data to control the electronic

device 1000. For example, the input interface 1100 may be a key pad, a dome switch, a

touch pad (e.g., contact electrostatic capacitive type, pressure resistive film type,

infrared detection type, surface acoustic wave propagation type, integral strain gauge

type, piezo-effect type, etc.), a jog wheel, and a jog switch, but not limited thereto.

[161] The output interface 1200 may be used for outputting an audio signal, a video signal,

or a vibration signal, and may include a display 1210, a sound output interface 1220,

and a vibration motor 1230. The output interface 1200 may display on a map a location



corresponding to the electronic device 1000.

[162] The display 1210 may display information processed in the transmitting device 1000.

The display 1210 and a touch pad may be overlaid with each other to function as a

touch screen, and the display 1210 may be used as not only an output device but also

an input device. The display 1210 may include at least one among a liquid crystal

display, a thin-film transistor-liquid crystal display, an organic light-emitting diode, a

flexible display, a 3D display, and an electrophoretic display. Furthermore, the

electronic device 1000 may include two or more displays 1210 according to exemplary

embodiments. The two or more displays 1210 may be disposed to face each other

across a hinge.

[163] The sound output interface 1220 may output audio data received from the comm u

nication interface 1500 or stored in the memory 1700. Furthermore, the sound output

interface 1220 may output a sound signal (e.g., a call signal reception sound, a message

reception sound, a notification sound, etc.) related to a function performed by the

electronic device 1000. The sound output interface 1220 may include a speaker, a

buzzer, etc.

[164] The vibration motor 1230 may output a vibration signal. For example, the vibration

motor 1230 may output a vibration signal based on outputting audio or video data. The

vibration motor 1230 may output a vibration signal in response to receiving a touch

input.

[165] The controller 1300 may generally control the overall operation of the electronic

device 1000. For example, the controller 1300 may execute programs stored in the

memory 1700 to control the input interface 1100, the output interface 1200, the sensor

1400, the communication interface 1500, and the A/V input interface 1600, etc. The

controller may control the camera 1610 so as to perform operations of the electronic

device 1000 as described above.

[166] The sensor 1400 may sense a state of or ambient state of the electronic device 1000

and transmit a result of the sensing to the controller 1300.

[167] The sensor may include at least one among a magnetic sensor 1410, an acceleration

sensor 1420, a temperature/humidity sensor 1430, an infrared sensor 1440, a gyroscope

1450, a location sensor 1460 such as a GPS, an atmospheric pressure sensor 1470, a

proximity sensor 1480, and an illuminance sensor 1490, but not limited thereto. A

function of each sensor would be intuitively inferred by those of ordinary skill in the

art, and detailed explanation thereof is omitted.

[168] The communication interface 1500 may include one or more elements For example,

the communication interface 1500 may include a short-range communication interface

1510, a mobile communication interface 1520, and a broadcast receiver 1530.

[169] The short-range communication interface 1510 may include a Bluetooth commu-



nication interface, a BLE communication interface, a NFC interface, a Wi-Fi commu

nication interface, a ZigBee communication interface, an IrDA communication

interface, a WFD communication interface, a UWB communication interface, an Ant+

communication interface, and a Z-wave communication interface, but is not limited

thereto. The short-range communication interface 1510 may be an RFID reader.

[170] The mobile communication interface 1520 may communicate a radio signal with at

least one among a base station, an external terminal, and a server via a mobile commu

nication network. The wireless signal may include a voice call signal, a video call

signal, or any types of data to communicate a text/multimedia message.

[171] The broadcast receiver 1530 may receive a broadcasting signal and/or broadcast-

related information from the outside via a broadcasting channel. The broadcasting

channel may include a satellite channel, a terrestrial channel, etc. The electronic device

1000 might not include the broadcast receiver 1530 according to exemplary em

bodiments.

[172] The A/V input interface 1600 may include a camera 1610 and a microphone 1620 to

receive an audio signal or a video signal. Images captured by the camera 1610 may be

processed by the controller 1300 or an image processor.

[173] Images captured by the camera 1610 may be stored in the memory 1700, or

transmitted to the outside through the communication interface 1500. The electronic

device 1000 may include two or more cameras 1610 according to exemplary em

bodiments.

[174] The microphone 1620 may receive and process a sound signal from the outside to

convert it to an electronic sound data. For example, the microphone 1620 may receive

a sound signal from an external device or a speaker. The microphone 1620 may

employ any of various noise-reduction algorithms to reduce noise occurring while

receiving a sound signal from the outside.

[175] The memory 1700 may store programs for processing and controlling of the

controller 1300, and store data inputted to or outputted from the electronic device

1000.

[176] The memory 1700 may include at least one storage medium among a flash memory

type memory, a hard disk type memory, a multimedia card micro type memory, a card

type memory (e.g., a secure digital (SD) memory, an extreme digital (XD) memory,

etc.), a random access memory (RAM), a static RAM (SRAM), a read-only memory

(ROM), an electrically erasable programmable ROM (EEPROM), a programmable

ROM (PROM), a magnetic memory, a magnetic disk, and an optical disk, but is not

limited thereto.

[177] Programs stored in the memory 1700 may be classified into a plurality of modules

according to their functions. For example, the plurality of modules may be a user



interface (UI) module 1710, a touch screen module 1720, and a notification module

1730, but are not limited thereto.

[178] A UI or a GUI may be displayed by the UI module 1710 according to each program

or application to interact with the electronic device 1000. A user's touch gesture on a

touch screen may be detected and information regarding the touch gesture may be

transmitted to the controller 1300 by the touch screen module 1720. The touch screen

module 1720 may be embodied as hardware including a controller. A signal for

notifying an occurrence of an event at the electronic device 1000 may be generated by

the notification module 1730. A notification signal may be output by the notification

module 1730 through the display unit 1210 in the form of a video signal, through the

sound output unit 1220 in the form of a sound signal, or though the vibration motor

1230 in the form of a vibration signal.

[179] In an example embodiment, the electronic device 1000 may include an RFID reader.

Furthermore, the electronic device 1000 may include an input device including a

sensor such as an SAW sensor. The input device may be a stylus which is inserted into

a socket of the electronic device 1000. Accordingly, a user may conveniently carry the

electronic device 1000 and the input device together. The SAW sensor included in the

stylus may function as a temperature sensor.

[180] In an example embodiment, the RFID reader of the electronic device 1000 may emit

an interrogator signal based on a predetermined standard. For example, the RFID

reader may emit an interrogator signal when the stylus inserted in the electronic device

1000 is pulled out to a certain extent. For example, the RFID reader may emit an in

terrogator signal when a certain application is executed on the electronic device 1000.

Therefore, specific absorption rate of the RFID reader may be reduced.

[181] In an example embodiment, the RFID reader may emit an interrogator signal when

the stylus receives a certain input. For example, the RFID reader may emit the in

terrogator signal when a certain button on the stylus is pushed, when the button is

pushed to a certain depth, when the button is pushed equal to or more than certain

times, or when the button is pushed equal to or longer than a certain period of time.

Therefore, power consumption of the RFID reader may be reduced.

[182] In an example embodiment, the electronic device 1000 may adjust the power level of

the RFID reader included in the electronic device 1000 based on a distance between

the electronic device 1000 (or the RFID reader included therein) and the input device

(e.g., a stylus). The distance may be determined based on a response signal that is

emitted from a sensor (e.g., a SAW sensor) of the input device in response to the in

terrogator signal. In an example embodiment, the electronic device 1000 may decrease

a power level of the RFID reader included in the electronic device 1000 as the distance

becomes shorter. In an example embodiment, the electronic device 1000 may decrease



the power level of the RFID reader when the response signal from the sensor of the

input device has a signal strength enough to be detected.

[183] In an example embodiment, the electronic device 1000 may display a user interface

(UI) corresponding to a distance between the electronic device 1000 (or the RFID

reader included therein) and the input device (e.g., a stylus). For example, the

electronic device 1000 may display, based on the distance, a UI for adjusting the power

level of the RFID reader. Accordingly, the power level of the RFID reader may be con

veniently adjusted by a user based on his usage environment in which the input device

is used remote from or close to the electronic device 1000. Therefore, power con

sumption of the RFID reader may be controlled. In an example embodiment, a UI

displayed on the electronic device 1000 may vary based on the distance. For example,

a UI for nearby use of the input device may be displayed when the distance is short

enough to use the input device near the electronic device 1000. Further, a UI for

remote use of the input device may be displayed when the distance is out of the nearby

use of the input device or when the distance is in a range for the remote use of the

input device. The UI for the nearby use of the input device may include icons

regarding operations that are performed by touching the input device (e.g., a stylus) on

a screen of the electronic device 1000. The UI for the remote use of the input device

may include icons regarding operations (e.g., capture, motion detection, temperature

measurement) that are performed by pushing a button of the input device. The icons in

the UI for the remote use of the input device may be selected based on how the button

of the input device is pushed (e.g., depth, times, or period of time that the button is

pushed).

[184] In an example embodiment, the RFID reader may emit an interrogator signal when a

battery of the electronic device 1000 drops to or under a certain level. In an example

embodiment, a Bluetooth communication interface of the electronic device 1000 may

stop operating when a battery of the electronic device 1000 is equal to or less than a

certain level.

[185] In an example embodiment, the electronic device 1000 include the RFID reader to

communicate with other devices including sensors that are designed differently (e.g.,

SAW sensors designed differently as illustrated in FIGS. 6 and 7). Each of the other

devices includes a sensor designed differently from others and emits a unique response

signal in response to an interrogator signal from the electronic device 1000. Therefore,

the electronic device 1000 may identify sources of received response signals. The

electronic device 1000 may execute an application based on the received response

signals.

[186] In an example embodiment, the electronic device 1000 may lock its screen when a

sensor (e.g., a SAW sensor) is not detected. For example, when a smartwatch including



the SAW sensor is away from the electronic device to a certain extent, the electronic

device 1000 may lock its screen. Further, when the smartwatch is close to the

electronic device 1000 to a certain extent, the electronic device 1000 may unlock its

screen.

[187] In an example embodiment, the input device may be a stylus including buttons re

spectively corresponding to SAW sensors. Each of the SAW sensors may generate a

response signal in response to an interrogator signal from the electronic device 1000

when a corresponding button is pushed. The SAW sensors are designed differently

from each other to generate different response signals in response to the same in

terrogator signal. Therefore, the electronic device 1000 may identify which button is

pushed at the stylus and perform corresponding operations.

[188] In an example embodiment, the input device may be a keyboard including keys re

spectively corresponding to SAW sensors. Each of the SAW sensors may generate a

response signal in response to an interrogator signal from the electronic device 1000

when a corresponding key is pushed. Therefore, the electronic device 1000 may

identify which key is pushed at the keyboard and perform corresponding operations.

The input device is not limited to the stylus and keyboard.

[189] Furthermore, it is described above that embodiments of the present disclosure are im

plemented by a hardware component, but embodiments of the present disclosure may

be implemented by a software component such as a computer program executable by a

CPU. A computer program may be stored in a non-transitory computer readable

medium, and provided to a computer. The non-transitory computer readable medium

may include a tangible storage medium. The non-transitory computer readable medium

may be a magnetic storage medium (e.g., a flexible disc, a magnetic tape, and a hard

disk drive), a magneto-optical medium (e.g., a magneto-optical disk), a CD-ROM, CD-

R, CD-R/W, a semiconductor memory (e.g., a mask ROM, a PROM, an EPROM, a

flash ROM, a RAM). Further, a computer program may be provided to a computer by a

transitory computer readable medium.

[190] The transitory computer readable medium may include an electronic signal, an

optical signal, and an electronic wave. The transitory computer readable medium may

provide a computer program to a computer through a wire communication channel

such as a wire and an optical fiber or a wireless communication channel.

[191] The foregoing exemplary embodiments and advantages are merely exemplary and

are not to be construed as limiting. The present teaching can be readily applied to other

types of apparatuses. Also, the description of the exemplary embodiments is intended

to be illustrative, and not to limit the scope of the claims, and many alternatives, modi

fications, and variations will be apparent to those skilled in the art.
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Claims
A positioning method comprising:

emitting an interrogator signal from an electronic device;

detecting, by the electronic device, a response signal that is generated

and emitted by a sensor among a plurality of sensors, in response to the

interrogator signal; and

acquiring location information about the sensor by identifying the

sensor based on the detected response signal;

wherein the response signal is generated based on transduction of the

interrogator signal.

The method of claim 1, wherein the plurality of sensors are configured

to generate response signals having characteristics different from each

other.

The method of claim 1, wherein the plurality of sensors comprise a

plurality of passive sensors having different designs.

The method of claim 1, wherein the plurality of sensors comprise a

plurality of surface acoustic wave (SAW) sensors,

each of the plurality of SAW sensors comprises a substrate and an in

terdigital transducer patterned on the substrate, and

the interdigital transducers of the plurality of SAW sensors have

different patterns.

The method of claim 1, wherein the plurality of sensors comprise a

plurality of surface acoustic wave (SAW) sensors,

each of the plurality of SAW sensors comprises an interdigital

transducer and a reflection grating distanced apart from the interdigital

transducer, and

a distance between the interdigital transducer and the reflection grating

differs among the plurality of SAW sensors.

The method of claim 1, wherein the detecting the response signal

comprises detecting additional response signals that are generated and

emitted by at least two sensors among the plurality of sensors, in

response to the interrogator signal, the at least two sensors being

different from the sensor, and

the acquiring the location information comprises acquiring location in

formation about the at least two sensors by identifying the at least two

sensors based on the detected additional response signals.

The method of claim 6, wherein the response signal from the sensor
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and the additional response signals are received, by the electronic

device, earlier than response signals from a remainder of sensors of the

plurality of sensors.

The method of claim 6, wherein the response signal from the sensor

and the additional response signals have greater signal strengths than

that of response signals from a remainder of sensors of the plurality of

sensors.

The method of claim 1, wherein the emitting the interrogator signal

comprises:

emitting the interrogator signal when it is determined that the electronic

device has moved from an outside of a building to an inside of the

building.

The method of claim 1, wherein the emitting the interrogator signal

comprises:

emitting the interrogator signal in response to failing to receive a global

positioning system (GPS) signal.

The method of claim 1, further comprising:

storing identification information and location information about the

plurality of sensors,

wherein the acquiring the location information comprises acquiring the

location information about the sensor by identifying the sensor based

on the identification information and the location information about the

plurality of sensors and the detected response signal.

The method of claim 1, further comprising:

determining a location of the electronic device based on the location in

formation about the sensor.

An electronic device comprising:

a memory configured to store instructions; and

at least one processor configured to execute the instructions to control

the electronic device to emit an interrogator signal, detect a response

signal that is generated and emitted by a sensor among a plurality of

sensors, in response to the interrogator signal, and acquire location in

formation about the sensor by identifying the sensor based on the

detected response signal,

wherein the response signal is generated based on transduction of the

interrogator signal.

A positioning method comprising:

receiving, by an electronic device, an interrogator signal from a reader
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among a plurality of sensors;

generating a response signal based on transduction of the received in

terrogator signal;

emitting the generated response signal; and

acquiring information about an electronic device location which is de

termined by the reader having received the emitted response signal.

[Claim 15] A method comprising:

emitting an interrogator signal from an electronic device;

receiving the interrogator signal by a sensor of a plurality of sensors

dispersed within a closed environment;

transducing the received interrogator signal into a response signal, by

the sensor, the response signal having a certain characteristic at

tributable to the sensor;

detecting, by the electronic device, the response signal that has been

emitted by the sensor;

acquiring a location of the sensor by identifying the sensor based on the

certain characteristic in the detected response signal, the location of the

sensor being pre-stored in a memory; and

calculating a location of the electronic device based on the location of

the sensor.
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