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Technical Field 

Embodiments of the present disclosure relate to the field of communications, in particular to a 

positioning method, device and system for a transmitting device, and a storage medium and an electronic 

device. 

Background 

Traditional estimation methods for Direction of Arrival (DOA) of an array beam include Multiple 

Signal Classification (MUSIC), Estimating Signal parameter via Rotation Invariance Techniques (ESPRIT), 

etc., a foundation of which lies in an independent measurement function (for example, an arrival phase 

measurement function) of an array element. However, for a beam-adjustable meta-surface (also called 

meta-surface or reconfigurable meta-surface), the addition of such a measuring function will reduce 

reflection efficiency and increase cost. Therefore, the meta-surface is not usually associated with a phase 

measuring function of an independent electromagnetic unit, which makes the traditional estimation methods 

for DOA of the array not available in the meta-surface. 

Traditional Non-Line-Of-Sight (NLOS) positioning methods include a Line-Of-Sight (LOS) 

reconstruction positioning method, an NLOS weighted positioning method, a Time of Arrival (TOA) 

positioning method based on a combination of line-of-sight reconstruction and smoothing, and a positioning 

method based on inequality constraints. In these methods, the NLOS is converted into the LOS according to 

a mirror principle, or influences of NLOS components are reduced through stochastic methods by the 

coordination between multiple base stations. Moreover, fingerprint maps or positioning methods based on a 

Global Positioning System (GPS) in the related art require the deployment of another positioning system and 

related accessories, which increases the cost and limits the implementation in some scenarios. It can be seen 

that in the related art, the use of multiple systems and the support from other related technologies are 

required during positioning, and a terminal cannot be positioned by means of the characteristics of a 

meta-surface. 

For the technical problem in the related art that a terminal cannot be positioned by means of 

characteristics of a meta-surface, no effective technical solution is available so far. 

Summary 
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The embodiments of the present disclosure provide a positioning method, device and system 

for a transmitting device, and a storage medium and an electronic device, which can at least the 

technical problem in the related art that a terminal cannot be positioned by means of characteristics 

of a meta-surface. 

According to an embodiment of the present disclosure, a positioning method for a transmitting 

device is provided, which includes the following operations. Control information is determined by a 

receiving device, wherein the control information includes temporal information and control 

direction information; the control direction information is used for instructing a meta-surface 

control unit to adjust a reflection coefficient of a meta-surface to a target reflection coefficient 

corresponding to a preset direction, so that a beam in a direction from the receiving device to the 

meta-surface forms on the meta-surface a reflected beam in the preset direction; the preset direction 

is a direction indicated by preset direction information corresponding to a target time period, and 

the preset direction points to a target area; the temporal information includes the target time period; 

and the control direction information includes the preset direction information. A pilot signal is 

transmitted to the meta-surface by a transmitting device, wherein the transmitting device is located 

in the target area. The control information is sent to the meta-surface control unit by the receiving 

device, wherein the control information is used for instructing the meta-surface control unit to 

adjust the reflection coefficient of the meta-surface to the target reflection coefficient corresponding 

to the preset direction within the target time period. A signal measurement result corresponding to 

the preset direction is determined, and the transmitting device is positioned according to the preset 

direction and the signal measurement result, wherein the signal measurement result is a 

measurement result obtained by the receiving device measuring a received target pilot signal; the 

target pilot signal is received by the receiving device after reflected by the meta-surface whose 

reflection coefficient is adjusted to the target reflection coefficient; and the pilot signals transmitted 

by the transmitting device include the target pilot signal. 

According to another embodiment of the present disclosure, a positioning device for a 

transmitting device is provided, which includes: a determining module, a transmitting module, a 

controlling module and a positioning module. The determining module is configured to determine 

the control information by the receiving device. The control information includes the temporal 

information and the control direction information. The control direction information is used for 

instructing the meta-surface control unit to adjust the reflection coefficient of the meta-surface to 

the target reflection coefficient corresponding to the preset direction, so that the beam in the 

direction from the receiving device to the meta-surface forms on the meta-surface the reflected 

beam in the preset direction. The preset direction is a direction indicated by preset direction 
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information corresponding to a target time period, and the preset direction points to the target area. 

The temporal information includes the target time period. The control direction information 

includes the preset direction information. The transmitting module is configured to transmit the 

pilot signal to the meta-surface by the transmitting device. The transmitting device is located in the 

target area. The controlling module is configured to send the control information to the meta-surface 

control unit by the receiving device. The control information is used for instructing the meta-surface 

control unit to adjust the reflection coefficient of the meta-surface to the target reflection coefficient 

corresponding to the preset direction within the target time period. The positioning module is 

configured to determine the signal measurement result corresponding to the preset direction, and 

position the transmitting device according to the preset direction and the signal measurement result. 

The signal measurement result is a measurement result obtained by the receiving device measuring 

a received target pilot signal. The target pilot signal is received by the receiving device after 

reflected by the meta-surface whose reflection coefficient is adjusted to the target reflection 

coefficient. The pilot signals transmitted by the transmitting device include the target pilot signal. 

According to yet another embodiment of the present disclosure, a positioning system for a 

transmitting device is provided, which includes: a transmitting device, a receiving device, a 

meta-surface control unit, a meta-surface and a positioning node. The receiving device is configured 

to determine the control information. The control information includes the temporal information 

and the control direction information. The control direction information is used for instructing the 

meta-surface control unit to adjust the reflection coefficient of the meta-surface to the target 

reflection coefficient corresponding to the preset direction, so that the beam in the direction from 

the receiving device to the meta-surface forms on the meta-surface the reflected beam in the preset 

direction. The preset direction is a direction indicated by preset direction information corresponding 

to a target time period, and the preset direction points to the target area. The temporal information 

includes the target time period. The control direction information includes the preset direction 

information. The transmitting device is configured to transmit the pilot signal to the meta-surface. 

The transmitting device is located in the target area. The receiving device is further configured to 

send the control information to the meta-surface control unit. The control information is used for 

instructing the meta-surface control unit to adjust the reflection coefficient of the meta-surface to 

the target reflection coefficient corresponding to the preset direction within the target time period. 

The receiving device is further configured to determine the signal measurement result 

corresponding to the preset direction. The positioning node is configured to position the 

transmitting device according to the preset direction and the signal measurement result. The signal 

measurement result is a measurement result obtained by the receiving device measuring a received 
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target pilot signal. The target pilot signal is received by the receiving device after reflected by the 

meta-surface whose reflection coefficient is adjusted to the target reflection coefficient. The pilot 

signals transmitted by the transmitting device include the target pilot signal. 

According to yet another embodiment of the present disclosure, a computer-readable storage 

medium is also provided, in which a computer program is stored. The computer program is 

configured to execute, when running, the operations in any above method embodiment. 

According to yet another embodiment of the present disclosure, an electronic device is also 

provided, which includes a memory and a processor. The memory stores a computer program. The 

processor is configured to run the computer program, so as to perform operations in any of the 

above method embodiments. 

Brief Description of the Drawings 

Fig. 1 is a structural block diagram of hardware of an electronic device in a positioning method 

for a transmitting device according to an embodiment of the present disclosure. 

Fig. 2 is a network architecture diagram of a positioning method for a transmitting device 

according to an embodiment of the present disclosure. 

Fig. 3 is a flowchart of a positioning method for a transmitting device according to an 

embodiment of the present disclosure. 

Fig. 4 is a plane diagram of a deployment scenario of a meta-surface according to an 

embodiment of the present disclosure. 

Fig. 5 is a schematic diagram of the radio signal quality recorded by a receiving device 

according to an embodiment of the present disclosure. 

Fig. 6 is a schematic diagram of the radio signal quality recorded by a receiving device 

according to another embodiment of the present disclosure. 

Fig. 7 is a schematic diagram of a corresponding relationship between time slots corresponding 

to the radio signal quality and position coordinates in a target area according to an embodiment of 

the present disclosure. 

Fig. 8 is a schematic three-dimensional view of the radio signal quality and position 

coordinates in a target area according to an embodiment of the present disclosure. 

Fig. 9 is a schematic plane view of the radio signal quality and position coordinates in a target 
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area according to an embodiment of the present disclosure. 

Fig. 10 is a schematic three-dimensional view of the radio signal quality and position 

coordinates in a target area according to another embodiment of the present disclosure. 

Fig. 11 is a schematic plane view of the radio signal quality and position coordinates in a target 

area according to another embodiment of the present disclosure. 

Fig. 12 is a schematic diagram of fitting between the radio signal quality and a 

one-dimensional Gaussian function in the direction of X axis according to an embodiment of the 

present disclosure. 

Fig. 13 is a schematic diagram of fitting between the radio signal quality and a 

one-dimensional Gaussian function in the direction of Y axis according to an embodiment of the 

present disclosure. 

Fig. 14 is a schematic diagram of fitting between the radio signal quality and a 

one-dimensional Gaussian function in the direction of X axis according to another embodiment of 

the present disclosure. 

Fig. 15 is a schematic diagram of fitting between the radio signal quality and a 

one-dimensional Gaussian function in the direction of Y axis according to another embodiment of 

the present disclosure. 

Fig. 16 is a structural block diagram of a positioning device for a transmitting device according 

to an embodiment of the present disclosure. 

Detailed Description 

Embodiments of the present disclosure will be described in detail below with reference to the 

accompanying drawings in conjunction with the embodiments. 

It should be noted that the terms “first”, “second”, etc., in the description and claims of the 

present disclosure and in the above accompanying drawings, are used to distinguish between similar 

objects and not necessarily to describe a particular order or sequential order. 

A method embodiment provided in an embodiment of the present disclosure may be executed 

in a mobile terminal, a computer terminal or a similar computing device. Taking the method 

embodiment running on an electronic device as an example, Fig. 1 is a structural block diagram of 

hardware of an electronic device for a positioning method for a transmitting device in an 

embodiment of the present disclosure. As shown in Fig. 1, the electronic device may include one or 
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more (only one is shown in Fig. 1) processors 102 (the processor 102 may include, but is not 

limited to, a micro controller unit (MCU) or a field programmable gate array (FPGA) and other 

processing devices) and a memory 104 configured to store data. The above electronic device may 

further include a transceiver device 106 with a communication function and an input/output device 

108. Those having ordinary skill in the art can understand that a structure shown in Fig. 1 is merely 

schematic and does not pose a limitation on a structure of the above electronic device. For example, 

the electronic device may further include assemblies more or fewer than those shown in Fig. 1, or 

have a configuration different from that shown in Fig. 1. 

The memory 104 may be configured to store a computer program such as a software program 

and module of an application, for example, a computer program corresponding to a positioning 

method for a transmitting device in an embodiment of the present disclosure, and the processor 102 

executes various functional applications and data processing by running the computer program 

stored in the memory 104, that is, achieves the above method. The memory 104 may include a 

high-speed random access memory, and may further include a non-volatile memory, for example, 

one or more magnetic storage devices, flash memories, or other non-volatile solid-state memories. 

In some examples, the memory 104 may further include a memory remotely arranged with respect 

to the processor 102, and the remote memory may be connected with the electronic device by 

means of a network. Examples of the above network include, but are not limited to, the internet, 

enterprise intranets, local area networks, mobile communication networks, and combinations 

thereof. 

The transceiver device 106 is configured to receive or transmit data by means of a network. 

Specific examples of the above network may include a wireless network provided by a 

communication provider. In one example, the transceiver device 106 includes a network interface 

controller (NIC), which may be connected with other network devices so as to be in communication 

with the internet. In one example, the transceiver device 106 may be a radio frequency (RF) module, 

which is configured to be in communication with the internet in a wireless manner. 

The embodiments of the present disclosure may run on the network architecture shown in Fig. 

2. As shown in Fig. 2, the network architecture includes: a transmitting device (for example, a 

terminal, Fig. 2 shows that there are two transmitting devices, namely transmitting device A (i.e. 

terminal A) and transmitting device B (i.e. terminal B)), a beam-adjustable meta-surface control unit 

(i.e. corresponding to the meta-surface control unit in the embodiments of the present disclosure, or 

called meta-surface control device or meta-surface control apparatus), a beam-adjustable 

meta-surface (i.e. the meta-surface in the embodiments of the present disclosure, also called 

reconfigurable meta-surface), and a receiving device (for example, a base station). The receiving 
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device includes a radio frequency unit or antenna. The receiving device is configured to plan, 

configure, and receive a specific radio signal. For example, the receiving device receives the 

specific radio signal transmitted by the transmitting device and reflected by the meta-surface (i.e. a 

target pilot signal in the embodiments of the present disclosure). The meta-surface control unit is 

configured to control a reflection coefficient of each electromagnetic unit (or called electromagnetic 

reflection unit) in the meta-surface. The meta-surface is composed of several groups of 

electromagnetic units with controllable reflection coefficient. By controlling the reflection 

coefficient of each electromagnetic element, the meta-surface can form a predetermined reflected 

beam antenna pattern (that is, a reflected beam in a preset direction is formed on the meta-surface). 

The transmitting device is configured to transmit a specific radio signal (i.e. the target pilot signal). 

The receiving device is further configured to measure, record or analyze the received target pilot 

signal. The target pilot signal transmitted by the transmitting device is planned and configured in 

advance by the receiving device (for example, a base station). The target pilot signals corresponding 

to different transmitting devices are different, that is, after receiving the target pilot signal, the 

receiving device may distinguish different transmitting devices according to the target pilot signal. 

In the present embodiment, a positioning method for a transmitting device running in the 

above network architecture is provided. Fig. 3 is a flowchart of a positioning method for a 

transmitting device according to an embodiment of the present disclosure. As shown in Fig. 3, the 

flow includes the following operations. 

At S302, control information is determined by a receiving device. The control information 

includes temporal information and control direction information. The control direction information 

is used for instructing a meta-surface control unit to adjust a reflection coefficient of a meta-surface 

to a target reflection coefficient corresponding to a preset direction, so that a beam in a direction 

from the receiving device to the meta-surface forms on the meta-surface a reflected beam in the 

preset direction. The preset direction is a direction indicated by preset direction information 

corresponding to a target time period, and the preset direction points to a target area. The temporal 

information includes the target time period. The control direction information includes the preset 

direction information. 

At S304, a pilot signal is transmitted to the meta-surface by a transmitting device. The 

transmitting device is located in the target area. 

At S306, the control information is sent to the meta-surface control unit by the receiving 

device. The control information is used for instructing the meta-surface control unit to adjust the 

reflection coefficient of the meta-surface to the target reflection coefficient corresponding to the 
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preset direction within the target time period. 

At S308, a signal measurement result corresponding to the preset direction is determined, and 

the transmitting device is positioned according to the preset direction and the signal measurement 

result. The signal measurement result is a measurement result obtained by the receiving device 

measuring a received target pilot signal. The target pilot signal is received by the receiving device 

after reflected by the meta-surface whose reflection coefficient is adjusted to the target reflection 

coefficient. The pilot signals transmitted by the transmitting device include the target pilot signal. 

Through the above operations, control information is determined by a receiving device, 

wherein the control information includes temporal information and control direction information; 

the control direction information is used for instructing a meta-surface control unit to adjust a 

reflection coefficient of a meta-surface to a target reflection coefficient corresponding to a preset 

direction, so that a beam in a direction from the receiving device to the meta-surface forms on the 

meta-surface a reflected beam in the preset direction; the preset direction is a direction indicated by 

preset direction information corresponding to a target time period, and the preset direction points to 

a target area; the temporal information includes the target time period; and the control direction 

information includes the preset direction information. A pilot signal is transmitted to the 

meta-surface by a transmitting device, wherein the transmitting device is located in the target area. 

The control information is sent to the meta-surface control unit by the receiving device, wherein the 

control information is used for instructing the meta-surface control unit to adjust the reflection 

coefficient of the meta-surface to the target reflection coefficient corresponding to the preset 

direction within the target time period. A signal measurement result corresponding to the preset 

direction is determined, and the transmitting device is positioned according to the preset direction 

and the signal measurement result, wherein the signal measurement result is a measurement result 

obtained by the receiving device measuring a received target pilot signal; the target pilot signal is 

received by the receiving device after reflected by the meta-surface whose reflection coefficient is 

adjusted to the target reflection coefficient; and the pilot signals transmitted by the transmitting 

device include the target pilot signal. Therefore, the technical problem in the related art that a 

terminal cannot be positioned by means of characteristics of a meta-surface can be solved, thereby 

achieving the effect of using the characteristics of a meta-surface to position a terminal. 

It is to be noted that in the embodiments of the present disclosure, positioning a transmitting 

device (i.e. a terminal) may be realized by using a system (namely using a base station and 

meta-surface) and the capability of the meta-surface, accordingly the positioning of the transmitting 

device can be completed by using a base station and the characteristics of the meta-surface. 



 

In the above embodiment, the signal measurement result may be signal quality, signal strength 

level or signal received power. 

The execution sequences of S304 and S306 are interchangeable, that is, S306 may be executed 

first and then S304. 

In an exemplary embodiment, the operation that the control information is determined by the 

receiving device includes that the control information is determined according to a target area. The 

operation that the control information is determined according to the target area includes that: 

multiple pieces of preset direction information are determined according to multiple sub-areas 

obtained by dividing the target area, and multiple target time periods are determined according to 

the multiple pieces of preset direction information. The multiple pieces of preset direction 

information are in one-to-one correspondence with the multiple sub-areas. The temporal 

information includes the multiple target time periods. The multiple target time periods are in 

one-to-one correspondence with the multiple pieces of preset direction information. Alternatively, 

multiple preset directions pointing to the target area are determined, each piece of preset direction 

information among multiple pieces of preset direction information is determined as a respective one 

of the multiple preset directions, and the temporal information is determined according to the 

multiple pieces of preset direction information. The temporal information includes the multiple 

target time periods, and the multiple target time periods are in one-to-one correspondence with the 

multiple pieces of preset direction information. 

In the above embodiment, the target area may be divided into multiple sub-areas by the 

receiving device. For example, the target area is divided into sub-area 1, sub-area 2, sub-area 3, etc., 

and the preset direction information corresponding to each sub-area is determined according to the 

multiple sub-areas, such as preset direction information 1, preset direction information 2, and preset 

direction information 3. The preset direction information is used for instructing the meta-surface 

control unit to adjust a reflection coefficient of each electromagnetic unit of the meta-surface, so 

that the reflected beam formed on the meta-surface points to the sub-area corresponding to the 

preset direction information. The reflected beam is the reflected beam (also called virtual reflected 

beam) formed on the meta-surface by the beam in the direction from the receiving device to the 

meta-surface. Therefore, by controlling the meta-surface to make the reflected beam point to the 

sub-areas of the target area in turn, the receiving device can scan the target area. In an exemplary 

embodiment, the receiving device may determine the preset direction information corresponding to 

each sub-area according to an order of scanning the sub-areas of the target area, and determine the 

temporal information according to the preset direction information determined (that is, determine 

multiple target time periods, each of which has the corresponding preset direction information). For  
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example, if the multiple pieces of preset direction information determined are preset direction 

information 1, preset direction information 2, and preset direction information 3, then the temporal 

information includes target time period 1, target time period 2, and target time period 3 in 

chronological order. The target time period 1 corresponds to the preset direction information 1, the 

target time period 2 corresponds to the preset direction information 2, and the target time period 3 

corresponds to the preset direction information 3. 

In the above embodiment, the receiving device may directly determine multiple preset 

directions in the target area. For example, in the target area, the receiving device may determine a 

first preset direction pointing to a certain position in the target area, and determine a second preset 

direction pointing to another position in the target area, that is, determine multiple preset directions, 

and determine each piece preset direction information as a respective one of the multiple preset 

directions, that is, a preset direction may be taken as a piece of preset direction information. After 

determining multiple pieces of preset direction information, according to an order of scanning the 

positions of the target area, the receiving device may determine the target time period corresponding 

to the order of scanning. For example, the temporal information includes target time period 1 and 

target time period 2, the target time period 1 corresponding to the preset direction information 1, 

and the target time period 2 corresponding to the preset direction information 2. 

It is to be noted that in the embodiments of the present disclosure, the target time period may 

be a time period corresponding to a time slot number (i.e. the serial number of a time slot), and the 

sequence information may be a set composed of the time periods corresponding to the time slot 

numbers (i.e. the time periods corresponding to the corresponding time slots), that is, the temporal 

information includes the time periods corresponding to multiple time slots in chronological order. 

Moreover, in the control information sent to the meta-surface control unit by the receiving device, 

the temporal information includes the multiple target time periods, the control direction information 

includes multiple pieces of preset direction information, and each target time period in the temporal 

information corresponds to each piece of preset direction information in the control direction 

information. Therefore, in the embodiments of the present disclosure, by sending the control 

information to the meta-surface control unit, the meta-surface control unit may be instructed to 

adjust the reflection coefficient of the meta-surface to the target reflection coefficient within a target 

time period; and when the next target time period of the target time period arrives (for example, the 

start time of the next target time period arrives), the reflection coefficient of the meta-surface is 

adjusted to the next target reflection coefficient by the meta-surface control unit. The next target 

reflection coefficient is the reflection coefficient corresponding to the next preset direction, and the 

next preset direction is the direction indicated by the preset direction information corresponding to 
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the next target time period. Thus, the reflection coefficient of the meta-surface is adjusted to the 

corresponding reflection coefficient by the meta-surface control unit within a certain target time 

period in the temporal information. The corresponding reflection coefficient is the reflection 

coefficient corresponding to the preset direction indicated by the preset direction information 

corresponding to the target time period. 

In an exemplary embodiment, after the control information is sent to the meta-surface control 

unit by the receiving device, the method may further include the following operations: the target 

reflection coefficient is determined by the meta-surface control unit according to the preset 

direction information; and a reflection coefficient of each electromagnetic unit of the meta-surface 

is adjusted to the target reflection coefficient by the meta-surface control unit within the target time 

period, so as to adjust the reflection coefficient of the meta-surface to the target reflection 

coefficient. The reflection coefficient of each electromagnetic unit includes at least one of amplitude, 

phase and polarization. That is, the reflection coefficient of each electromagnetic unit may be any 

combination of amplitude, phase and polarization. 

In an exemplary embodiment, in a case where the preset direction information is an input 

parameter corresponding to the preset direction, after the control information is sent to the 

meta-surface control unit by the receiving device, the method may further include the following 

operations: the target reflection coefficient is determined by the meta-surface control unit according 

to the input parameter; and a reflection coefficient of each electromagnetic unit of the meta-surface 

is adjusted to the target reflection coefficient by the meta-surface control unit within the target time 

period, so as to adjust the reflection coefficient of the meta-surface to the target reflection 

coefficient; or, in a case where the preset direction information is the target reflection coefficient 

corresponding to the preset direction, after the control information is sent to the meta-surface 

control unit by the receiving device, the method may further include the following operation: a 

reflection coefficient of each electromagnetic unit of the meta-surface is adjusted to the target 

reflection coefficient by the meta-surface control unit within the target time period, so as to adjust 

the reflection coefficient of the meta-surface to the target reflection coefficient. 

In an exemplary embodiment, the control information may further include at least one of 

following information: beam control start time for instructing the meta-surface control unit to start 

controlling a reflection coefficient of each electromagnetic unit of the meta-surface at the beam 

control start time; and beam control end time for instructing the meta-surface control unit to end up 

controlling the reflection coefficient of each electromagnetic unit of the meta-surface at the beam 

control end time. 
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The meta-surface control unit is further configured to adjust, at the beam control start time, the 

reflection coefficient of the meta-surface to the target reflection coefficient corresponding to the 

first preset direction according to the first target time period in the temporal information. The first 

preset direction is the direction indicated by the preset direction information corresponding to the 

first target time period. 

In an exemplary embodiment, the target time periods in the temporal information form a 

continuous period of time, the start time of the first target time period in the temporal information is 

the beam control start time, the end time of the last target time period is the beam control end time, 

and the end time of each intermediate target time period (i.e. the target time period between the first 

target time period and the last target time period) is the start time of the next target time period. For 

example, the temporal information includes target time period 1 to target time period 3, the end time 

of the target time period 1 is the start time of the target time period 2, the end time of the target time 

period 2 is the start time of the target time period 3, the start time of the target time period 1 is the 

beam control start time, and the end time of the target time period 3 is the beam control end time. 

In an exemplary embodiment, the temporal information may be a set of time periods 

corresponding to the time slots (for example, the time period corresponding to the first time slot to 

the time period corresponding to the 180th time slot, and the target time period is the time period 

corresponding to a target time slot number (also called target time slot or target time slot number, 

for example, one of the time slots from the first time slot to the180th time slot). Moreover, the 

transmitting device records the target time period and the corresponding relationship of the pilot 

signals transmitted within the target time period, and when receiving the target pilot signals, the 

receiving device records the target time period and the corresponding relationship of the target pilot 

signals received within the target time period. It is to be noted that the target time period and the 

corresponding relationship of the pilot signals transmitted within the target time period which are 

recorded by the transmitting device are consistent with the target time period and the corresponding 

relationship of the target pilot signals received within the target time period which are recorded by 

the receiving device. 

In an exemplary embodiment, the operation that the signal measurement result corresponding 

to the preset direction is determined may include the following operations: the target time period 

corresponding to each signal measurement result in a signal measurement result set is determined, 

wherein the signal measurement result set includes the signal measurement result corresponding to 

the preset direction; and according to the target time period, the preset direction indicated by the 

preset direction information corresponding to the target time period is determined, and the signal 

measurement result corresponding to the target time period is determined as the signal measurement 
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result corresponding to the preset direction. 

In the above embodiment, when receiving the target pilot signal, the receiving device records 

the target time period corresponding to the target pilot signal (for example, the time period 

corresponding to the first time slot), and measures the target pilot signal to obtain the signal 

measurement result. The signal measurement result may be signal quality, signal strength level or 

signal received power. 

In an exemplary embodiment, the operation that the transmitting device is positioned 

according to the preset direction and the signal measurement result may include the following 

operations: according to the preset direction and a position and height of the meta-surface, position 

coordinates (xi, yi) of the reflected beam corresponding to each preset direction in the target area 

are determined, and a value of the signal measurement result corresponding to the preset direction is 

determined as a z-coordinate zi corresponding to the position coordinates (xi, yi), wherein i is an 

identifier of the reflected beam corresponding to the preset direction; Gaussian function fitting is 

performed according to a coordinate range of the target area, the position coordinates (xi, yi) and 

the corresponding z-coordinate zi to obtain a fitted Gaussian function, and a positioning result of 

positioning the transmitting device is determined according to coordinates corresponding to a vertex 

of the fitted Gaussian function. 

In an exemplary embodiment, the operation that Gaussian function fitting is performed 

according to a coordinate range of the target area, the position coordinates (xi, yi) and the 

corresponding z-coordinate zi to obtain a fitted Gaussian function, and a positioning result of 

positioning the transmitting device is determined according to coordinates corresponding to a vertex 

of the fitted Gaussian function may include the following operations: an x-coordinate range and a 

y-coordinate range of the target area are sampled respectively according to a preset coordinate 

interval to obtain an x-coordinate set and a y-coordinate set after sampling; a z-coordinate zw 

corresponding to each x-coordinate xw in the x-coordinate set is determined from the z-coordinate 

zi corresponding to the position coordinates (xi, yi), and a z-coordinate zp corresponding to each 

y-coordinate yp in the y-coordinate set is determined from the z-coordinate zi corresponding to the 

position coordinates (xi, yi), wherein both w and p are positive integers in an interval [1, n], and n is 

the number of samples sampled; one-dimensional Gaussian function fitting is performed according 

to a coordinate set (xw, zw) composed of the x-coordinate set and the z-coordinate zw 

corresponding to each x-coordinate xw in the x-coordinate set to obtain a fitted first Gaussian 

function; and one-dimensional Gaussian function fitting is performed according to a coordinate set 

(yp, zp) composed of the y-coordinate set and the z-coordinate zp corresponding to each 

y-coordinate yp in the y-coordinate set to obtain a fitted second Gaussian function; a first coordinate 
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xt corresponding to a vertex of the first Gaussian function and a second coordinate yt corresponding 

to a vertex of the second Gaussian function are determined, and xt and yt are determined 

respectively as an x-coordinate and a y-coordinate of the positioning result, xt being an x-coordinate 

within the x-coordinate range, and yt being a y-coordinate within the y-coordinate range. 

For example, if in the target area, the x-coordinate is in the range of [xs, xe], the y-coordinate 

is in the range of [ys, ye], where xs, xe, ys and ye are all real numbers, xe>xs, and ye>ys, and the 

x-coordinate range and the y-coordinate range of the target area are sampled respectively according 

to the preset coordinate interval to obtain the sampled x-coordinate set and y-coordinate set, then in 

the above embodiment, xs≤xw≤xe, and ys≤yp≤ye; and in the obtained positioning result, xs≤xt≤xe, 

and ys≤yt≤ye. 

It is to be noted that, in the above embodiment, the coordinates (i.e. the corresponding input 

when the Gaussian function is at its maximum value) corresponding to the vertexes (i.e. the 

maximum value of the Gaussian function, also the maximum value of the Gaussian curve 

corresponding to the Gaussian function) of two one-dimensional Gaussian functions may be 

determined respectively by fitting two one-dimensional Gaussian functions (namely fitting two 

one-dimensional Gaussian curves respectively to obtain two one-dimensional Gaussian functions, 

each one-dimensional Gaussian function corresponding to a Gaussian curve), so as to determine the 

position coordinates of the transmitting device (that is, determine the positioning result). 

The operation that the z-coordinate zw corresponding to each x-coordinate xw in the 

x-coordinate set is determined from the z-coordinate zi corresponding to the position coordinates (xi, 

yi), and a z-coordinate zp corresponding to each y-coordinate yp in the y-coordinate set is 

determined from the z-coordinate zi corresponding to the position coordinates (xi, yi) may include 

the following operations: the z-coordinates corresponding to all the position coordinates whose 

x-coordinate is xw in the position coordinates (xi, yi) are determined, and the maximum value of the 

z-coordinates corresponding to all the position coordinates whose x-coordinate is xw is determined 

as the z-coordinate zw corresponding to the x-coordinate xw; and the z-coordinates corresponding 

to all the position coordinates whose y-coordinate is yp in the position coordinates (xi, yi) are 

determined, and the maximum value of the z-coordinates corresponding to all the position 

coordinates whose y-coordinate is yp is determined as the z-coordinate zp corresponding to 

Y-coordinate yp. 

In an exemplary embodiment, the operation that the transmitting device is positioned 

according to the preset direction and the signal measurement result may include the following 

operations: according to the preset direction and a position and height of the meta-surface, position 
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coordinates (xi, yi) of the reflected beam corresponding to each preset direction in the target area 

are determined, and a value of the signal measurement result corresponding to the preset direction is 

determined as a z-coordinate zi corresponding to the position coordinates (xi, yi), wherein i is an 

identifier of the reflected beam corresponding to the preset direction; two-dimensional Gaussian 

function fitting is performed according to a coordinate set (xi, yi, zi) composed of the position 

coordinates (xi, yi) and the z-coordinate zi to obtain a fitted two-dimensional Gaussian function; 

coordinates (xt, yt) corresponding to a vertex of the two-dimensional Gaussian function are 

determined, and the coordinates (xt, yt) are determined as a positioning result of positioning the 

transmitting device, xt being an x-coordinate within the x-coordinate range of the target area, and yt 

being a y-coordinate within the y-coordinate range of the target area. 

For example, if the x-coordinate range corresponding to the target area is [xs, xe], and the 

y-coordinate range is [ys, ye], where xs, xe, ys and ye are all real numbers, xe>xs, and ye>ys, the 

obtained positioning result is as follows: xs≤xt≤xe, and ys≤yt≤ye. 

It is to be noted that in the above embodiment, the position coordinates of the transmitting 

device may be determined by the two-dimensional Gaussian function fitting (that is, the Gaussian 

surface fitting is performed). The fitting may be realized by using the least square method and the 

minimum mean square error method. 

In an exemplary embodiment, after the signal measurement result corresponding to the preset 

direction is determined, and the transmitting device is positioned according to the preset direction 

and the signal measurement result, the method may include the following operation: the target 

direction information is determined according to a positioning result of positioning the transmitting 

device, the target direction information being used for instructing the meta-surface control unit to 

control a reflection coefficient of each electromagnetic unit of the meta-surface according to the 

target direction information, so that the reflected beam formed on the meta-surface by the radio 

signal transmitted by the receiving device points to the transmitting device. 

After the target direction information is determined, the receiving device sends the target 

direction information to the meta-surface control unit, so as to instruct the meta-surface control unit 

to control the reflection coefficient of the meta-surface according to the target direction information, 

so that the reflected beam formed on the meta-surface by the radio signal transmitted by the 

receiving device (i.e. the base station) points to the transmitting device, and thus the radio signal 

transmitted by the base station can reach the terminal accurately. 

The positioning method for a transmitting device in the above embodiment is explained with 

an example, but the example is not intended to limit the technical solution of the embodiments of 
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the present disclosure. 

In the related art, using the beam-adjustable meta-surface (also called reconfigurable 

meta-surface, namely the meta-surface in the above embodiment) to enhance the coverage of 

non-direct diameter areas of mobile networks is a very effective and low-cost method. Relevant 

methods will be given in the present disclosure, and the characteristics of the meta-surface can be 

used to achieve the accurate alignment of the target beam direction, so that a deployment scheme of 

the meta-surface is self-complete; besides, in the non-direct diameter areas with enhanced 

meta-surface coverage, the terminal can be positioned accurately. That is, in the embodiments of the 

present disclosure, with the deployment of the meta-surface, a non-direct diameter terminal can be 

positioned by use of a single base station. 

In the embodiments of the present disclosure, the following nodes are mainly involved: a 

receiving device and a transmitting device. 

The receiving device is configured to determine beam scanning planning, and send relevant 

information of the beam scanning planning to the transmitting device by means of the radio 

frequency unit. The relevant information of the beam scanning planning includes a beam scanning 

interval (the beam scanning interval is the time interval between the beam control start time and the 

beam control end time in the above embodiments), a specific pilot sequence of the transmitting 

device (i.e. the target pilot signal in the above embodiments), and related time-frequency resources. 

The operation that the beam scanning planning is determined refers to a process in which the 

receiving device divides the target area into grids or plans the direction of the target beam, and 

converts two-dimensional space domain planning of the target area into one-dimensional time 

domain planning. For example, the receiving device determines the grids corresponding to a 

chronological order (i.e. the temporal information in the above embodiments) according to an order 

of scanning the grids in the target area (i.e. the sub-area in the above embodiments), and determines 

the preset direction information corresponding to each grid. That is, each piece of preset direction 

information has a corresponding target time period. In an exemplary embodiment, the receiving 

device also sends the beam control start time and the beam control end time to the transmitting 

device. 

The transmitting device is configured to transmit the target pilot signal according to the 

time-frequency resources configured by the receiving device in the beam scanning interval. When 

the target pilot signal is transmitted, the beam is adjusted by means of the radio frequency unit in 

the transmitting device, and the transmitted beam is aligned to the meta-surface (the target pilot 

signal is transmitted to the meta-surface). It is to be noted that in the above embodiment, the pilot 
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sequence (i.e. the target pilot signal in the above embodiment) transmitted by the transmitting 

device is a coding sequence that is known in advance by both the transmitting device and the 

receiving device and can be used for distinguishing different transmitting devices. The coding 

sequence has good characteristics of autocorrelation and cross-correlation. 

The receiving device is further configured to control the meta-surface by the meta-surface 

control unit in the beam scanning interval, that is, adjust, within the target time period, a reflection 

coefficient of each electromagnetic unit of the meta-surface to the target reflection coefficient 

corresponding to the target time period, so as to realize the scanning of the target area in the beam 

scanning interval. 

The receiving device is further configured to identify the transmitting device and measure the 

radio signal strength (i.e. the signal measurement result in the above embodiment) based on the 

received pilot sequence. Multiple transmitting devices may simultaneously transmit the pilot signals 

at the same time. 

The operation that the meta-surface is controlled by the meta-surface control unit may include 

the following operation: the receiving device sends the control information to the meta-surface 

control unit through an interface between the receiving device and the meta-surface control unit. 

The control information includes, but is not limited to, the following: the beam control start time, 

the adjustment and control direction of a beam, the target reflection coefficient of each 

electromagnetic unit, the input parameter for determining the target reflection coefficient of each 

electromagnetic unit, the temporal information, the beam control end time, etc. The control 

information may be a beam target to which adjustment is about to be performed or adjustment and 

control instructions for each electromagnetic unit of the meta-surface. When these instructions are 

applied to each electromagnetic unit, the electromagnetic unit can change or adjust the reflection 

coefficient (also called input reflection coefficient), so that the reflection coefficient of each 

electromagnetic unit in the meta-surface is adjusted to the target reflection coefficient 

corresponding to the target time period. 

It is to be noted that in the embodiments of the present disclosure, the receiving device may 

determine the control information (including the preset direction information used for making the 

beam in the direction from the receiving device to the meta-surface form on the meta-surface the 

reflected beam in the preset direction) in advance, and after determining the control information, 

control the meta-surface by the meta-surface control unit in the beam scanning interval according to 

the control information. When controlling the meta-surface according to the control information, the 

receiving device does not transmit a signal to the meta-surface, and there is no signal transmitted to 
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the meta-surface by the receiving device. That is, in the embodiments of the present disclosure, the 

purpose of adjusting the reflection coefficient of the meta-surface to the target reflection coefficient 

is to adjust the state of the meta-surface to a state of generating a virtual reflected beam along the 

preset direction, and the virtual reflected beam is the reflected beam formed on the meta-surface 

when the radio signal is transmitted to the meta-surface by means of an analog receiving device, 

that is, the radio signal transmitted by the receiving device to the meta-surface is an analog signal, 

and the receiving device does not actually need to transmit the radio signal. Therefore, in the 

embodiments of the present disclosure, after the receiving device determines the control 

information, the receiving device does not need to transmit the radio signal to the meta-surface 

when the transmitting device is positioned. 

Based on the above embodiments, by adjusting the reflection coefficient of each 

electromagnetic unit of the meta-surface, a virtual main beam reflected by the meta-surface (i.e. the 

above virtual reflected beam) can point to different target directions (i.e. the preset direction in the 

above embodiments) according to the predetermined time period (i.e. the target time period in the 

temporal information in the above embodiments), so as to realize the scanning of the target area.  

In the above embodiments, the receiving device measures and records the radio signal quality 

of the target pilot signal transmitted by each transmitting device in the beam scanning interval, that 

is, in the beam scanning interval, the receiving device measures the signal quality of the received 

target pilot signal based on the known target pilot signal, and records each signal quality and the 

corresponding target time period. That is, the signal measurement result set composed of the signal 

measurement results recorded by the receiving device is the radio signal quality in chronological 

order (that is, the signal measurement result set is time sequence data), and each signal 

measurement result corresponds to the adjustment and control time sequence of the beam of the 

meta-surface (that is, the temporal information composed of the target time periods corresponding 

to the signal measurement results in the signal measurement result set is consistent with the 

temporal information used for controlling the meta-surface). 

In the embodiments of the present disclosure, the receiving device is further configured to 

estimate the target beam direction and position the transmitting device based on the measurement 

results of the receiving device (i.e. the signal measurement results in the above embodiments). 

The operation that the target beam direction is estimated and the transmitting device is 

positioned based on the measurement results of the receiving device may include the following 

operations: (1) based on the measurement results of the receiving device and the adjustment and 

control time sequence of the beam of the meta-surface, when it is determined that main adjustment 
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and control beam of the meta-surface points to different directions, the receiving device measures 

the radio signal quality for a certain terminal; and (2) the position of the terminal and the target 

beam direction are estimated based on the radio signal quality of different directions of the main 

adjustment and control beam. The exemplary implementation of operation (2) may be performed in 

the receiving device or other network positioning devices. 

When the terminal is positioned, one-dimensional time data may be transformed into 

two-dimensional space data based on the beam direction of the meta-surface and related 

measurement results. For example, the position of the terminal is determined through 

two-dimensional surface fitting algorithms. The two-dimensional surface fitting algorithms include, 

but are not limited to, two-dimensional Gaussian distribution surface, least square method, 

minimum mean square error method, etc., or two independent Gaussian curves reduced to one 

dimension are used for fitting. 

Fig. 4 is a plane diagram of a deployment scenario of a meta-surface according to an 

embodiment of the present disclosure, showing a beam scanning area (i.e. the target area in the 

above embodiments) and the beam-adjustable meta-surface (i.e. the meta-surface in the above 

embodiments). In an exemplary application scenario of the present disclosure, 

deployment parameters of the receiving device (i.e. the base station where a radio frequency 

receiving unit of the base station in Fig. 4 is located) are as follows: 

an antenna (i.e. the radio frequency unit) of the receiving device is installed on the top of a 

building with a height of 43m (i.e. the position height of the antenna of the receiving device is 

43m); 

the coordinates of the center point of a radio frequency transmitting unit of the receiving 

device are [0, 0, 43] (in meters); 

horizontal azimuth Az is 120 degrees; 

pitch angle EL is 10 degrees; and 

rotation angle SL is 0 degree. 

The deployment parameters of the meta-surface are as follows: 

the center point position of the meta-surface is [21.67, 133.2, 36.2] (in meters) (i.e. the position 

and height of the meta-surface in the above embodiments); 

horizontal azimuth Az is -60 degrees; 
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pitch angle EL is 0 degrees; and 

rotation angle SL is 0 degree. 

The parameters of the transmitting device and the meta-surface are configured as follows: 

carrier frequency Fc is 28GHz; 

polarization; vertical polarization; 

Equivalent Isotropically Radiated Power (EIRP) of the base station is 43dBm; 

the size of the meta-surface is 20λ (length)×20λ (width), where λ is the wavelength of the 

carrier frequency; 

the size of the meta-surface control unit is λ/3 (length)×λ/3 (width); 

a phase control granularity of the meta-surface is 2-bits (that is, two bits are used to indicate 

the phase of the meta-surface, so there are four optional phases: [0, π/2, π, 3π/2] (in radians); 

a Sub-Carrier Space (SCS) is 30kHz; 

the length of a radio frame is 10ms; 

the number of time slots in each radio frame is 20; 

the receiving device sets a scanning beam update frequency as each time slot. 

When the positioning accuracy of the positioning method for the transmitting device in the 

embodiments of the present disclosure is tested, with reference to the transmitting device A at the 

position coordinates [78, 88] (in meters) and the transmitting device B at the position coordinates 

[76, 98] (in meters) in the target area, the positioning accuracy of the positioning method in the 

embodiments of the present disclosure is tested. 

In the embodiments of the present disclosure, the positioning method may include the 

following operations. 

At S1, the receiving device determines the beam scanning planning: from the first time slot 

(the time period corresponding to the first time slot is the first target time period, and the start time 

of the first target time period also corresponds to the time of starting the adjustment and control of 

the beam in the above embodiments) to the 180th time slot (i.e. the 180th target time period, which 

is also the last target time period in the temporal information, and the end time of the last target time 

period also corresponds to the time of ending the adjustment and control of the beam in the above 



21 
 

embodiments), beam scanning in the beam scanning area (i.e. the target area in the above 

embodiments) in Fig. 4 is performed, and the receiving device sends the relevant information of the 

beam scanning planning to the transmitting device by means of the radio frequency unit. The 

relevant information includes: each target time period in the temporal information (the start time of 

the first target time period in the temporal information (also the time of starting the adjustment and 

control of the beam), the end time of the last target time period (i.e. the time of ending the 

adjustment and control of the beam), and the time period from the beam control start time and the 

beam control end time are adjustment and control intervals of the beam), the specific pilot sequence 

of the transmitting device (i.e. the target pilot signal corresponding to the transmitting device), and 

the related time-frequency resources. 

At S2, the radio frequency unit of the transmitting device adjusts the beam to align to the 

meta-surface, and transmits the pilot sequence signal (i.e. the target pilot signal in the above 

embodiments) in the beam scanning interval according to the time-frequency resources configured 

by the receiving device. The pilot sequence signals of different transmitting devices can be 

distinguished through frequency division or code division. 

At S3, the receiving device controls the direction of the virtual beam of the meta-surface by the 

meta-surface control unit. The frequency of updating the beam scanning direction of the 

meta-surface is each time slot. In a certain time slot (i.e. the time period corresponding to the time 

slot), the virtual reflected beam reaches the beam scanning area along a certain preset direction. 

After each update, the beam will be aligned to the next new predetermined direction (that is, the 

preset direction in the above embodiments). 

At S4, the receiving device measures and records the radio signal quality of the wireless pilot 

signal transmitted by the relevant transmitting device in the beam scanning interval, and the results 

are shown in Fig. 5 and Fig. 6. Fig. 5 shows signal receiving strength obtained by the receiving 

device after measuring the received target pilot signal which is transmitted by the transmitting 

device A. Fig. 6 shows signal receiving strength obtained by the receiving device after measuring 

the received target pilot signal which is transmitted by the transmitting device B. The horizontal 

axes in Fig. 5 and Fig. 6 are the time slots arranged in sequence. Because each time slot lasts for 

certain duration, each time slot may correspond to a time period (i.e. the target time period in the 

above embodiments). For example, if the length of a time slot is a (in milliseconds), the k-th target 

time period (i.e. the time period corresponding to the k-th time slot) in the temporal information is 

the time period between t0+(k-1)a and t0+ka, where t0 is the beam control start time (in 

milliseconds), and k is an integer greater than or equal to 1. 
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At S5, the target beam direction is estimated and the transmitting device is positioned based on 

the measurement results of the receiving device. 

When the transmitting device is positioned, the format of the measurement results in a 

measurement period for a certain transmitting device (for example, the transmitting device A) is as 

follows: (slotNo indicates a time slot number, namely each target time period in the above 

embodiments, RxPwr indicates a receiving level, namely the signal measurement result in the above 

embodiments) 

slotNo 1: RxPwr -130; (that is, within the first target time period (i.e. the time period 

corresponding to the first time slot), the signal strength level of the received target pilot signal is 

-130dbm) 

... 

slotNo 57: RxPwr -87.31; 

... 

A networking positioning node (which may be a receiving device or a network positioning 

device different from the receiving device in the network) maps the time slot number to the target 

beam direction, and transforms the one-dimensional time data in Fig. 7 obtained for the transmitting 

device A into the two-dimensional space data (Fig. 8) in combination with the position and height of 

the center of the meta-surface (i.e. the position and height of the meta-surface in the above 

embodiments), at the same time, maps the measurement result to the ground of the beam scanning 

area, seeing Fig. 9 (that is, Fig. 9 is the plan of Fig. 8). The number next to each dot "•" in Fig. 7 

indicates the time slot number, for example, the two annotations •31 and •47 in the second line of 

Fig. 7, where "37" and "47" respectively represent that the corresponding time slot numbers are 31 

and 47. According to Fig. 7, the position coordinates corresponding to each time slot number can be 

determined. The horizontal axis and longitudinal axis in Fig. 8 represent the x-coordinate and the 

y-coordinate of the target area respectively, and the vertical axis (z axis) represents the received 

signal quality. A predicted position of the transmitting device is a positioning result obtained by 

positioning the transmitting device (i.e. the coordinates in the positioning result). The horizontal 

axis and the longitudinal axis in Fig. 9 represent the x-coordinate and the y-coordinate of the target 

area respectively. Each dot "•" in Fig. 9 represents the presence of received signal quality, and the 

specific received signal quality is shown in the z-coordinates in Fig. 8. 

Moreover, the one-dimensional time data obtained by measuring the received pilot signal 

transmitted by the transmitting device B is transformed into the two-dimensional space data (as 
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shown in Fig. 10), at the same time, the measurement result is mapped to the ground of the beam 

scanning area, seeing Fig. 11 (that is, Fig. 11 is the plan of Fig. 10). 

X coordinate and Y coordinate of the transmitting device are independently estimated by using 

a dimensionality reduction method, as follows: 

the position [xi, yi] of each virtual reflected beam on the ground is determined based on each 

beam direction of the meta-surface and the height of the meta-surface (i.e. the position and height of 

the meta-surface), where i is an identifier of a beam, which is equal to the time slot number in the 

present embodiment. 

1. Data dimensionality reduction is performed in X-axis and Y-axis directions, including the 

following operations. 

(1) The X axis is segmented (that is, the x-coordinate range is segmented), the segmenting 

interval is 2, and the set composed of the coordinates corresponding to the center points of all the 

segments is [62, 64, 66 ..., 80] (i.e. the x-coordinate set in the above embodiments). 

(2) The Y axis is segmented (that is, the y-coordinate range is segmented), the segmenting 

interval is 2, and the set composed of the coordinates corresponding to the center points of all the 

segments is [80, 82, 84 ..., 110] (i.e. the y-coordinate set in the above embodiments). 

2. A dimensionality reduction receiving level of each segment is determined, including the 

following operations. 

(1) The following operation is performed for all the two-dimensional data in Fig. 8 (that is, the 

following operation is performed for the radio signal received quality obtained by measuring the 

received target pilot signal transmitted by the transmitting device A): according to the segmentation 

result in the X-axis direction, for the set [62, 64, 66, …, 80] composed of the coordinates 

corresponding to the center points of the segments on the X axis, the dimensionality reduction 

receiving level corresponding to the coordinates of each center point is determined (in an exemplary 

embodiment, the strongest radio signal received quality in each segment is determined as the unique 

dimensionality reduction receiving level in this segment, that is, for the coordinate xw of a certain 

center point, the maximum value (i.e. zw) of the radio signal received quality (i.e. the receiving 

level) corresponding to this coordinate xw is determined), and the result is as follows: 

[62,RxPwrx1; 

64, RxPwrx2; 
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66, RxPwrx3; 

…,; 

80, RxPwrx10]. 

The obtained coordinate set in the X-axis direction and the corresponding radio signal quality 

are the measured data shown in Fig. 12. 

For all the two-dimensional data in Fig. 8, the radio signal quality is assigned to its segment 

according to the segmentation result in the Y direction, and the coordinate set of the center points of 

the segments on the Y axis is [80, 82, 84 ..., 110]. The strongest radio signal received quality in each 

segment is determined as the unique dimensionality reduction receiving level in this segment (that 

is, for each y-coordinate yp in the y-coordinate set, zp corresponding to the yp is determined in a 

specific determining mode similar to the above processing mode of the X-axis direction), and the 

result is as follows: 

[80,RxPwry1 

82, RxPwry2 

84, RxPwry3 

…, 

110, RxPwry16]. 

The obtained coordinate set in the Y-axis direction and the corresponding radio signal quality 

are the measured data shown in Fig. 13. 

(2) The following operation is performed for all the two-dimensional data in Fig. 10 (that is, 

the following operation is performed for the radio signal received quality obtained by measuring the 

received target pilot signal transmitted by the transmitting device B): according to the segmentation 

result in the X-axis direction, for the set [62, 64, 66, …, 80] composed of the coordinates 

corresponding to the center points of the segments on the X axis, the dimensionality reduction 

receiving level corresponding to the coordinates of each center point is determined (in an exemplary 

embodiment, the strongest radio signal received quality in each segment is determined as the unique 

dimensionality reduction receiving level in this segment, that is, for the coordinate xw of a certain 

center point, the maximum value (i.e. zw) of the radio signal received quality (i.e. the receiving 

level) corresponding to this coordinate xw is determined), and the result is as follows: 

[62,RxPwrx1; 
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64, RxPwrx2; 

66, RxPwrx3; 

…, 

80, RxPwrx10]. 

The obtained coordinate set in the X-axis direction and the corresponding radio signal quality 

are the measured data shown in Fig. 14. 

For all the two-dimensional data in Fig. 10, the radio signal quality is assigned to its segment 

according to the segmentation result in the Y direction, and the coordinate set of the center points of 

the segments on the Y axis is [80, 82, 84 ..., 110]. The strongest radio signal received quality in each 

segment is determined as the unique dimensionality reduction receiving level in this segment (that 

is, for each y-coordinate yp in the y-coordinate set, zp corresponding to the yp is determined), and 

the result is as follows: 

[80, RxPwry1 

82, RxPwry2 

84, RxPwry3 

…, 

110, RxPwry16]. 

The obtained coordinate set in the Y-axis direction and the corresponding radio signal quality 

are the measured data shown in Fig. 15. 

It is to be noted that the above RxPwry1 to RxPwry16 are schematic representations of the 

determined dimensionality reduction receiving level. 

(5) Positioning results and errors 

The one-dimensional Gaussian function is selected as a fitting curve to perform 

one-dimensional Gaussian curve fitting (i.e. one-dimensional Gaussian function fitting) in the 

X-axis and Y-axis directions. In an exemplary embodiment, the parameters of the one-dimensional 

Gaussian function (i.e. the Gaussian curve corresponding to the one-dimensional Gaussian function, 

referring to a fitting result in Fig. 12) corresponding to the X-axis direction may be determined by 

the least square fitting, and the x coordinate (i.e. xt in the above embodiments) corresponding to the 

center point (i.e. the vertex, the maximum value of the function) of the function is determined; and, 
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the parameters of the one-dimensional Gaussian function (i.e. the Gaussian curve corresponding to 

the one-dimensional Gaussian function, referring to a fitting result in Fig. 13) corresponding to the 

Y-axis direction may be determined by the least square fitting, and the y coordinate (i.e. yt in the 

above embodiments) corresponding to the center point of the function is determined. According to 

the positioning method in the embodiments of the present disclosure, the position coordinates of the 

transmitting device A obtained by positioning is [76.2230 97.6619]m, and the positioning error 

between the position coordinates and the real coordinate position of the transmitting A as the 

reference target is: 0.405m. 

For the transmitting device B, the results of performing the one-dimensional Gaussian curve 

fitting in the X-axis direction and the Y-axis direction are shown respectively in Fig. 14 and Fig. 15. 

The position coordinates of the transmitting device B obtained by positioning is [77.7978 

88.7517]m, and the positioning error between the position coordinates and the real coordinate 

position of the transmitting B as the reference target is: 0.50378m. It can be seen from the above 

that a more accurate positioning result can be obtained by using the positioning method in the 

embodiments of the present disclosure. 

Through the above description of implementation modes, those having ordinary skill in the art 

may clearly know that the method according to the above embodiments may be implemented by 

means of software plus a necessary common hardware platform, certainly by means of hardware; 

but in many cases, the former is the better implementation. Based on this understanding, the essence 

of the technical solution of the embodiments of the present disclosure or the part making a 

contribution to the conventional art can be embodied in the form of software product. The computer 

software product is stored in a storage medium (for example, an ROM/an RAM, a magnetic disk, 

and a compact disc) and includes a number of instructions to make a computer device (which can be 

a personal computer, a server or a network device, etc.) perform all or part of the method in each 

embodiment of the present disclosure. 

An embodiment also provides a positioning device for a transmitting device, which is 

configured to implement the above embodiments and exemplary implementations. The 

embodiments which have been elaborated will not be repeated here. The term "module" used below 

can realize a combination of software and/or hardware with an intended function. Although the 

device described in the following embodiment is realized through software better, the realization 

through hardware or a combination of software and hardware is possible and conceived. 

Fig. 16 is a structural block diagram of a positioning device for a transmitting device according 

to an embodiment of the present disclosure. As shown in Fig. 16, the positioning device includes: a 
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determining module 211, a transmitting module 213, a controlling module 215, and a positioning 

module 217.  

The determining module 211 is configured to determine the control information by the 

receiving device. The control information includes the temporal information and the control 

direction information. The control direction information is used for instructing the meta-surface 

control unit to adjust the reflection coefficient of the meta-surface to the target reflection coefficient 

corresponding to the preset direction, so that the beam in the direction from the receiving device to 

the meta-surface forms on the meta-surface the reflected beam in the preset direction. The preset 

direction is a direction indicated by preset direction information corresponding to a target time 

period, and the preset direction points to the target area. The temporal information includes the 

target time period. The control direction information includes the preset direction information. 

The transmitting module 213 is configured to transmit the pilot signal to the meta-surface by 

the transmitting device. The transmitting device is located in the target area. 

The controlling module 215 is configured to send the control information to the meta-surface 

control unit by the receiving device. The control information is used for instructing the meta-surface 

control unit to adjust the reflection coefficient of the meta-surface to the target reflection coefficient 

corresponding to the preset direction within the target time period. 

The positioning module 217 is configured to determine the signal measurement result 

corresponding to the preset direction, and position the transmitting device according to the preset 

direction and the signal measurement result. The signal measurement result is a measurement result 

obtained by the receiving device measuring a received target pilot signal. The target pilot signal is 

received by the receiving device after reflected by the meta-surface whose reflection coefficient is 

adjusted to the target reflection coefficient. The pilot signals transmitted by the transmitting device 

include the target pilot signal. 

Through the present disclosure, control information is determined by a receiving device, 

wherein the control information includes temporal information and control direction information; 

the control direction information is used for instructing a meta-surface control unit to adjust a 

reflection coefficient of a meta-surface to a target reflection coefficient corresponding to a preset 

direction, so that a beam in a direction from the receiving device to the meta-surface forms on the 

meta-surface a reflected beam in the preset direction; the preset direction is a direction indicated by 

preset direction information corresponding to a target time period, and the preset direction points to 

a target area; the temporal information includes the target time period; and the control direction 

information includes the preset direction information. A pilot signal is transmitted to the 
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meta-surface by a transmitting device, wherein the transmitting device is located in the target area. 

The control information is sent to the meta-surface control unit by the receiving device, wherein the 

control information is used for instructing the meta-surface control unit to adjust the reflection 

coefficient of the meta-surface to the target reflection coefficient corresponding to the preset 

direction within the target time period. A signal measurement result corresponding to the preset 

direction is determined, and the transmitting device is positioned according to the preset direction 

and the signal measurement result, wherein the signal measurement result is a measurement result 

obtained by the receiving device measuring a received target pilot signal; the target pilot signal is 

received by the receiving device after reflected by the meta-surface whose reflection coefficient is 

adjusted to the target reflection coefficient; and the pilot signals transmitted by the transmitting 

device include the target pilot signal. Therefore, the technical problem in the related art that a 

terminal cannot be positioned by means of characteristics of a meta-surface can be solved, thereby 

achieving the effect of using the characteristics of a meta-surface to position a terminal. 

An embodiment also provides a positioning system for a transmitting device, which is 

configured to implement the above embodiments and exemplary implementations. The 

embodiments which have been elaborated will not be repeated here. The system includes: a 

transmitting device, a receiving device, a meta-surface control unit, a meta-surface and a 

positioning node. The receiving device is configured to determine the control information. The 

control information includes the temporal information and the control direction information. The 

control direction information is used for instructing the meta-surface control unit to adjust the 

reflection coefficient of the meta-surface to the target reflection coefficient corresponding to the 

preset direction, so that the beam in the direction from the receiving device to the meta-surface 

forms on the meta-surface the reflected beam in the preset direction. The preset direction is a 

direction indicated by preset direction information corresponding to a target time period, and the 

preset direction points to the target area. The temporal information includes the target time period. 

The control direction information includes the preset direction information. The transmitting device 

is configured to transmit the pilot signal to the meta-surface. The transmitting device is located in 

the target area. The receiving device is further configured to send the control information to the 

meta-surface control unit. The control information is used for instructing the meta-surface control 

unit to adjust the reflection coefficient of the meta-surface to the target reflection coefficient 

corresponding to the preset direction within the target time period. The receiving device is further 

configured to determine the signal measurement result corresponding to the preset direction. The 

positioning node is configured to position the transmitting device according to the preset direction 

and the signal measurement result. The signal measurement result is a measurement result obtained 



 

by the receiving device measuring a received target pilot signal. The target pilot signal is received 

by the receiving device after reflected by the meta-surface whose reflection coefficient is adjusted 

to the target reflection coefficient. The pilot signals transmitted by the transmitting device include 

the target pilot signal. 

Through the present disclosure, control information is determined by a receiving device, 

wherein the control information includes temporal information and control direction information; 

the control direction information is used for instructing a meta-surface control unit to adjust a 

reflection coefficient of a meta-surface to a target reflection coefficient corresponding to a preset 

direction, so that a beam in a direction from the receiving device to the meta-surface forms on the 

meta-surface a reflected beam in the preset direction; the preset direction is a direction indicated by 

preset direction information corresponding to a target time period, and the preset direction points to 

a target area; the temporal information includes the target time period; and the control direction 

information includes the preset direction information. A pilot signal is transmitted to the 

meta-surface by a transmitting device, wherein the transmitting device is located in the target area. 

The control information is sent to the meta-surface control unit by the receiving device, wherein the 

control information is used for instructing the meta-surface control unit to adjust the reflection 

coefficient of the meta-surface to the target reflection coefficient corresponding to the preset 

direction within the target time period. A signal measurement result corresponding to the preset 

direction is determined, and the transmitting device is positioned according to the preset direction 

and the signal measurement result, wherein the signal measurement result is a measurement result 

obtained by the receiving device measuring a received target pilot signal; the target pilot signal is 

received by the receiving device after reflected by the meta-surface whose reflection coefficient is 

adjusted to the target reflection coefficient; and the pilot signals transmitted by the transmitting 

device include the target pilot signal. Therefore, the technical problem in the related art that a 

terminal cannot be positioned by means of characteristics of a meta-surface can be solved, thereby 

achieving the effect of using the characteristics of a meta-surface to position a terminal. 

It is to be noted that the positioning node may be the receiving device or other positioning 

devices in the network. 

In an exemplary embodiment, the receiving device is further configured to determine the control 

information according to the target area. The receiving device is configured to determine the control 

information in a following manner. Multiple pieces of preset direction information are determined 

according to multiple sub-areas obtained by dividing the target area, and multiple target time periods are 

determined according to the multiple pieces of preset direction information. The multiple pieces of 

preset direction information are in one-to-one correspondence  
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with the multiple sub-areas. The temporal information includes the multiple target time periods. The 

multiple target time periods are in one-to-one correspondence with the multiple pieces of preset 

direction information. Alternatively, multiple preset directions pointing to the target area are 

determined, each piece of preset direction information among multiple pieces of preset direction 

information is determined as a respective one of the multiple preset directions, and multiple target 

time periods are determined according to the multiple pieces of preset direction information. The 

temporal information includes the multiple target time periods, and the multiple target time periods 

are in one-to-one correspondence with the multiple pieces of preset direction information. 

In an exemplary embodiment, the meta-surface control unit is configured to: determine the 

target reflection coefficient by according to the preset direction information; and adjust a reflection 

coefficient of each electromagnetic unit of the meta-surface to the target reflection coefficient 

within the target time period, so as to adjust the reflection coefficient of the meta-surface to the 

target reflection coefficient. The reflection coefficient of each electromagnetic unit includes at least 

one of amplitude, phase and polarization. 

In an exemplary embodiment, the receiving device is further configured to: determine the 

target time period corresponding to each signal measurement result in the signal measurement result 

set, wherein the signal measurement result set includes the signal measurement result corresponding 

to the preset direction; and according to the target time period, determine the preset direction 

indicated by the preset direction information corresponding to the target time period, and determine 

the signal measurement result corresponding to the target time period as the signal measurement 

result corresponding to the preset direction. 

In an exemplary embodiment, the positioning node is further configured to: according to the 

preset direction and a position and height of the meta-surface, determine position coordinates (xi, yi) 

of the reflected beam corresponding to each preset direction in the target area, and determine a 

value of the signal measurement result corresponding to the preset direction as a z-coordinate zi 

corresponding to the position coordinates (xi, yi), wherein i is an identifier of the reflected beam 

corresponding to the preset direction; perform the Gaussian function fitting according to a 

coordinate range of the target area, the position coordinates (xi, yi) and the corresponding 

z-coordinate zi to obtain the fitted Gaussian function, and determine the positioning result of 

positioning the transmitting device according to coordinates corresponding to a vertex of the fitted 

Gaussian function. 

In an exemplary embodiment, the positioning node is further configured to: sample the 

x-coordinate range and the y-coordinate range of the target area respectively according to the preset 
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coordinate interval to obtain the sampled x-coordinate set and y-coordinate set; determine a 

z-coordinate zw corresponding to each x-coordinate xw in the x-coordinate set from the 

z-coordinate zi corresponding to the position coordinates (xi, yi), and determine a z-coordinate zp 

corresponding to each y-coordinate yp in the y-coordinate set from the z-coordinate zi 

corresponding to the position coordinates (xi, yi), wherein both w and p are positive integers in an 

interval [1, n], and n is the number of samples sampled; perform the one-dimensional Gaussian 

function fitting according to a coordinate set (xw, zw) composed of the x-coordinate set and the 

z-coordinate zw corresponding to each x-coordinate xw in the x-coordinate set to obtain the fitted 

first Gaussian function, and perform the one-dimensional Gaussian function fitting according to a 

coordinate set (yp, zp) composed of the y-coordinate set and the z-coordinate zp corresponding to 

each y-coordinate yp in the y-coordinate set to obtain the fitted second Gaussian function; 

determine the first coordinate xt corresponding to the vertex of the first Gaussian function and the 

second coordinate yt corresponding to the vertex of the second Gaussian function, and determine xt 

and yt respectively as an x-coordinate and a y-coordinate of the positioning result, xt being an 

x-coordinate within the x-coordinate range, and yt being a y-coordinate within the y-coordinate 

range. 

In an exemplary embodiment, the positioning node is further configured to: according to the 

preset direction and a position and height of the meta-surface, determine position coordinates (xi, yi) 

of the reflected beam corresponding to each preset direction in the target area, and determine a 

value of the signal measurement result corresponding to the preset direction as a z-coordinate zi 

corresponding to the position coordinates (xi, yi), wherein i is an identifier of the reflected beam 

corresponding to the preset direction; fit the two-dimensional Gaussian function according to a 

coordinate set (xi, yi, zi) composed of the position coordinates (xi, yi) and the z-coordinate zi to 

obtain the fitted two-dimensional Gaussian function; determine coordinates (xt, yt) corresponding to 

a vertex of the two-dimensional Gaussian function, and determine the coordinates (xt, yt) as a 

positioning result of positioning the transmitting device, xt being an x-coordinate within the 

x-coordinate range of the target area, and yt being a y-coordinate within the y-coordinate range of 

the target area. 

In an exemplary embodiment, the positioning node is further configured to: determine the 

target direction information according to a positioning result of positioning the transmitting device, 

the target direction information being used for instructing the meta-surface control unit to control a 

reflection coefficient of each electromagnetic unit of the meta-surface according to the target 

direction information, so that the reflected beam formed on the meta-surface by the radio signal 

transmitted by the receiving device points to the transmitting device. 
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In an exemplary embodiment, when the preset direction information is the input parameter 

corresponding to the preset direction, after the control information is sent to the meta-surface 

control unit by the receiving device, the method may further include the following operations: the 

target reflection coefficient is determined by the meta-surface control unit according to the input 

parameter; and a reflection coefficient of each electromagnetic unit of the meta-surface is adjusted 

to the target reflection coefficient by the meta-surface control unit within the target time period, so 

as to adjust the reflection coefficient of the meta-surface to the target reflection coefficient; or, in a 

case where the preset direction information is the target reflection coefficient corresponding to the 

preset direction, after the control information is sent to the meta-surface control unit by the 

receiving device, the method may further include the following operation: a reflection coefficient of 

each electromagnetic unit of the meta-surface is adjusted to the target reflection coefficient by the 

meta-surface control unit within the target time period, so as to adjust the reflection coefficient of 

the meta-surface to the target reflection coefficient. 

In an exemplary embodiment, the control information may further include at least one of 

following information: the time of starting the adjustment and control of the beam, which is used 

for instructing the meta-surface control unit to start controlling a reflection coefficient of each 

electromagnetic unit of the meta-surface at the time of starting the adjustment and control of the 

beam; and the time of ending the adjustment and control of the beam, which is used for instructing 

the meta-surface control unit to end up controlling the reflection coefficient of each electromagnetic 

unit of the meta-surface at the time of ending the adjustment and control of the beam.  

It is to be noted that, each of the above modules may be realized by software or hardware. For 

the latter, the each of the above modules may be realized by, but not limited to, the following way: 

all of the above modules are in the same processor; or, the above modules are respectively in 

different processors in form of any combination. 

An embodiment of the present disclosure also provides a computer-readable storage medium, 

in which a computer program is stored. The computer program is configured to perform, when 

running, the operations in any of the above method embodiments. 

In an exemplary embodiment, the computer-readable storage media may include, but are not 

limited to, a USB flash disk, an ROM, an RAM, a mobile hard disk, a magnetic disk, a compact 

disc, and other media capable of storing the computer program. 

An embodiment of the present disclosure also provides an electronic device, which includes a 

memory and a processor. The memory stores a computer program. The processor is configured to 

run the computer program, so as to execute the operations in any of the above method 
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embodiments. 

In an exemplary embodiment, the electronic device may also include a transceiver device and 

an input/output device. The transceiver device is connected with the processor, and the input/output 

device is connected with the processor. 

The specific examples in the present embodiment may refer to the examples described in the 

above embodiments and exemplary embodiments, and will not be repeated here. 

It is apparent that those having ordinary skill in the art should appreciate that the above 

modules and operations of the present disclosure may be implemented by a general-purpose 

computing device, and they may be centralized in a single computing device or distributed on a 

network composed of multiple computing devices; they may be implemented by a program code 

which is capable of being executed by the computing device, so that they may be stored in a storage 

device and executed by the computing device; and in some situations, the presented or described 

operations may be executed in an order different from that described here; or they are made into 

integrated circuit modules, respectively; or multiple modules and operations of them are made into 

a single integrated circuit module to realize. Therefore, the present disclosure is not limited to any 

particular combination of hardware and software. 

The above is only the exemplary embodiments of the present disclosure and not intended to 

limit the present disclosure; for those having ordinary skill in the art, the present disclosure may 

have various modifications and changes. Any modifications, equivalent replacements, 

improvements and the like within the principle of the present disclosure should fall within the 

protection scope of the claims of the present disclosure. 
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What is claimed is: 

1. A positioning method for a transmitting device, comprising: 

determining control information by a receiving device, wherein the control information 

comprises temporal information and control direction information; the control direction information 

is used for instructing a meta-surface control unit to adjust a reflection coefficient of a meta-surface 

to a target reflection coefficient corresponding to a preset direction, so that a beam in a direction 

from the receiving device to the meta-surface forms on the meta-surface a reflected beam in the 

preset direction; the preset direction is a direction indicated by preset direction information 

corresponding to a target time period, and the preset direction points to a target area; the temporal 

information comprises the target time period; and the control direction information comprises the 

preset direction information; 

transmitting a pilot signal to the meta-surface by a transmitting device, wherein the 

transmitting device is located in the target area; 

sending the control information to the meta-surface control unit by the receiving device, 

wherein the control information is used for instructing the meta-surface control unit to adjust the 

reflection coefficient of the meta-surface to the target reflection coefficient corresponding to the 

preset direction within the target time period; and 

determining a signal measurement result corresponding to the preset direction, and positioning 

the transmitting device according to the preset direction and the signal measurement result, wherein 

the signal measurement result is a measurement result obtained by the receiving device measuring a 

received target pilot signal; the target pilot signal is received by the receiving device after reflected 

by the meta-surface whose reflection coefficient is adjusted to the target reflection coefficient; and 

the pilot signal transmitted by the transmitting device comprises the target pilot signal. 

2. The method according to claim 1, wherein determining the control information by the receiving 

device comprises determining the control information according to a target area; 

determining the control information according to the target area comprises: 

determining multiple pieces of preset direction information according to multiple sub-areas 

obtained by dividing the target area, and determining multiple target time periods according to the 

multiple pieces of preset direction information, wherein the multiple pieces of preset direction 

information are in one-to-one correspondence with the multiple sub-areas, the temporal information 

comprises the multiple target time periods, and the multiple target time periods are in one-to-one 
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correspondence with the multiple pieces of preset direction information; or, determining multiple 

preset directions pointing to the target area, determining each piece of preset direction information 

among multiple pieces of preset direction information as a respective one of the multiple preset 

directions, and determining multiple target time periods according to the multiple pieces of preset 

direction information, wherein the temporal information comprises the multiple target time periods, 

and the multiple target time periods are in one-to-one correspondence with the multiple pieces of 

preset direction information. 

3. The method according to claim 1, wherein after sending the control information to the 

meta-surface control unit by the receiving device, the method further comprises: 

determining the target reflection coefficient by the meta-surface control unit according to the 

preset direction information; and 

adjusting a reflection coefficient of each electromagnetic unit of the meta-surface to the target 

reflection coefficient by the meta-surface control unit within the target time period, so as to adjust 

the reflection coefficient of the meta-surface to the target reflection coefficient; 

wherein the reflection coefficient of each electromagnetic unit comprises at least one of 

amplitude, phase and polarization. 

4. The method according to claim 1, wherein in a case where the preset direction information is 

an input parameter corresponding to the preset direction, after sending the control information to the 

meta-surface control unit by the receiving device, the method further comprises: 

determining the target reflection coefficient by the meta-surface control unit according to the 

input parameter; and 

adjusting a reflection coefficient of each electromagnetic unit of the meta-surface to the target 

reflection coefficient by the meta-surface control unit within the target time period, so as to adjust 

the reflection coefficient of the meta-surface to the target reflection coefficient; or 

in a case where the preset direction information is the target reflection coefficient 

corresponding to the preset direction, after sending the control information to the meta-surface 

control unit by the receiving device, the method further comprises: 

adjusting a reflection coefficient of each electromagnetic unit of the meta-surface to the target 

reflection coefficient by the meta-surface control unit within the target time period, so as to adjust 

the reflection coefficient of the meta-surface to the target reflection coefficient. 
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5. The method according to claim 1, wherein the control information further comprises at least 

one of following information: 

beam control start time for instructing the meta-surface control unit to start controlling a 

reflection coefficient of each electromagnetic unit of the meta-surface at the beam control start time; 

and 

beam control end time for instructing the meta-surface control unit to end up controlling the 

reflection coefficient of each electromagnetic unit of the meta-surface at the beam control end time. 

6. The method according to claim 1, wherein determining the signal measurement result 

corresponding to the preset direction comprises: 

determining the target time period corresponding to each signal measurement result in a signal 

measurement result set, wherein the signal measurement result set comprises the signal 

measurement result corresponding to the preset direction; and 

according to the target time period, determining the preset direction indicated by the preset 

direction information corresponding to the target time period, and determining the signal 

measurement result corresponding to the target time period as the signal measurement result 

corresponding to the preset direction. 

7. The method according to claim 1, wherein positioning the transmitting device according to 

the preset direction and the signal measurement result comprises: 

according to the preset direction and a position and height of the meta-surface, determining 

position coordinates (xi, yi) of the reflected beam corresponding to each preset direction in the 

target area, and determining a value of the signal measurement result corresponding to the preset 

direction as a z-coordinate zi corresponding to the position coordinates (xi, yi), wherein i is an 

identifier of the reflected beam corresponding to the preset direction; and 

performing Gaussian function fitting according to a coordinate range of the target area, the 

position coordinates (xi, yi) and the corresponding z-coordinate zi to obtain a fitted Gaussian 

function, and determining a positioning result of positioning the transmitting device according to 

coordinates corresponding to a vertex of the fitted Gaussian function. 

8. The method according to claim 7, wherein performing Gaussian function fitting according to 

the coordinate range of the target area, the position coordinates (xi, yi) and the corresponding 

z-coordinate zi to obtain the fitted Gaussian function, and determining the positioning result of 

positioning the transmitting device according to the coordinates corresponding to the vertex of the 
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fitted Gaussian function comprises: 

sampling an x-coordinate range and a y-coordinate range of the target area respectively 

according to a preset coordinate interval to obtain an x-coordinate set and a y-coordinate set after 

sampling; 

determining a z-coordinate zw corresponding to each x-coordinate xw in the x-coordinate set 

from the z-coordinate zi corresponding to the position coordinates (xi, yi), and determining a 

z-coordinate zp corresponding to each y-coordinate yp in the y-coordinate set from the z-coordinate 

zi corresponding to the position coordinates (xi, yi), wherein both the w and p are positive integers 

in an interval [1, n], and n is the number of samples sampled; 

performing one-dimensional Gaussian function fitting according to a coordinate set (xw, zw) 

composed of the x-coordinate set and the z-coordinate zw corresponding to each x-coordinate xw in 

the x-coordinate set to obtain a fitted first Gaussian function; and performing one-dimensional 

Gaussian function fitting according to a coordinate set (yp, zp) composed of the y-coordinate set 

and the z-coordinate zp corresponding to each y-coordinate yp in the y-coordinate set to obtain a 

fitted second Gaussian function; and 

determining a first coordinate xt corresponding to a vertex of the first Gaussian function and a 

second coordinate yt corresponding to a vertex of the second Gaussian function, and determining xt 

and yt respectively as an x-coordinate and a y-coordinate of the positioning result, wherein xt is an 

x-coordinate within the x-coordinate range, and yt is a y-coordinate within the y-coordinate range. 

9. The method according to claim 1, wherein positioning the transmitting device according to 

the preset direction and the signal measurement result comprises: 

according to the preset direction and a position and height of the meta-surface, determining 

position coordinates (xi, yi) of the reflected beam corresponding to each preset direction in the 

target area, and determining a value of the signal measurement result corresponding to the preset 

direction as a z-coordinate zi corresponding to the position coordinates (xi, yi), wherein i is an 

identifier of the reflected beam corresponding to the preset direction; 

performing two-dimensional Gaussian function fitting according to a coordinate set (xi, yi, zi) 

composed of the position coordinates (xi, yi) and the z-coordinate zi to obtain a fitted 

two-dimensional Gaussian function; and 

determining coordinates (xt, yt) corresponding to a vertex of the two-dimensional Gaussian 

function, and determining the coordinates (xt, yt) as a positioning result of positioning the 
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transmitting device, wherein xt is an x-coordinate within an x-coordinate range of the target area, 

and yt is a y-coordinate within a y-coordinate range of the target area. 

10. The method according to claim 1, wherein after determining the signal measurement result 

corresponding to the preset direction, and positioning the transmitting device according to the preset 

direction and the signal measurement result, the method further comprises: 

determining target direction information according to a positioning result of positioning the 

transmitting device, wherein the target direction information is used for instructing the meta-surface 

control unit to control a reflection coefficient of each electromagnetic unit of the meta-surface 

according to the target direction information, so that the reflected beam formed on the meta-surface 

by a radio signal transmitted by the receiving device points to the transmitting device. 

11. A positioning device for a transmitting device, comprising: 

a determining module, configured to determine control information by a receiving device, 

wherein the control information comprises temporal information and control direction information; 

the control direction information is used for instructing a meta-surface control unit to adjust a 

reflection coefficient of a meta-surface to a target reflection coefficient corresponding to a preset 

direction, so that a beam in a direction from the receiving device to the meta-surface forms on the 

meta-surface a reflected beam in the preset direction; the preset direction is a direction indicated by 

preset direction information corresponding to a target time period, and the preset direction points to 

a target area; the temporal information comprises the target time period; and the control direction 

information comprises the preset direction information; 

a transmitting module, configured to transmit a pilot signal to the meta-surface by a 

transmitting device, wherein the transmitting device is located in the target area; 

a controlling module, configured to send the control information to the meta-surface control 

unit by the receiving device, wherein the control information is used for instructing the 

meta-surface control unit to adjust the reflection coefficient of the meta-surface to the target 

reflection coefficient corresponding to the preset direction within the target time period; and 

a positioning module, configured to determine a signal measurement result corresponding to 

the preset direction, and position the transmitting device according to the preset direction and the 

signal measurement result, wherein the signal measurement result is a measurement result obtained 

by the receiving device measuring a received target pilot signal; the target pilot signal is received by 

the receiving device after reflected by the meta-surface whose reflection coefficient is adjusted to 

the target reflection coefficient; and the pilot signal transmitted by the transmitting device 
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comprises the target pilot signal. 

12. A positioning system for a transmitting device, comprising: a transmitting device, a 

receiving device, a meta-surface control unit, a meta-surface and a positioning node; 

the receiving device is configured to determine control information, wherein the control 

information comprises temporal information and control direction information; the control direction 

information is used for instructing a meta-surface control unit to adjust a reflection coefficient of a 

meta-surface to a target reflection coefficient corresponding to a preset direction, so that a beam in a 

direction from the receiving device to the meta-surface forms on the meta-surface a reflected beam 

in the preset direction; the preset direction is a direction indicated by preset direction information 

corresponding to a target time period, and the preset direction points to a target area; the temporal 

information comprises the target time period; and the control direction information comprises the 

preset direction information; 

the transmitting device is configured to transmit a pilot signal to the meta-surface, wherein the 

transmitting device is located in the target area; 

the receiving device is further configured to send the control information to the meta-surface 

control unit, wherein the control information is used for instructing the meta-surface control unit to 

adjust the reflection coefficient of the meta-surface to the target reflection coefficient corresponding 

to the preset direction within the target time period; 

the receiving device is further configured to determine a signal measurement result 

corresponding to the preset direction; and 

the positioning node is configured to position the transmitting device according to the preset 

direction and the signal measurement result, wherein the signal measurement result is a 

measurement result obtained by the receiving device measuring a received target pilot signal; the 

target pilot signal is received by the receiving device after reflected by the meta-surface whose 

reflection coefficient is adjusted to the target reflection coefficient; and the pilot signal transmitted 

by the transmitting device comprises the target pilot signal. 

13. The system according to claim 12, wherein the receiving device is further configured to 

determine the control information according to a target area; 

the receiving device is configured to determine the control information in a following manner: 

determining multiple pieces of preset direction information according to multiple sub-areas 

obtained by dividing the target area, and determining multiple target time periods according to the 
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multiple pieces of preset direction information, wherein the multiple pieces of preset direction 

information are in one-to-one correspondence with the multiple sub-areas, the temporal information 

comprises the multiple target time periods, and the multiple target time periods are in one-to-one 

correspondence with the multiple pieces of preset direction information; or, determining multiple 

preset directions pointing to the target area, and determining each piece of preset direction 

information among multiple pieces of preset direction information as a respective one of the 

multiple preset directions, and determining multiple target time periods according to the multiple 

pieces of preset direction information, wherein the temporal information comprises the multiple 

target time periods, and the multiple target time periods are in one-to-one correspondence with the 

multiple pieces of preset direction information. 

14. The system according to claim 12, wherein the meta-surface control unit is configured to: 

determine the target reflection coefficient according to the preset direction information; and 

adjust a reflection coefficient of each electromagnetic unit of the meta-surface to the target 

reflection coefficient within the target time period, so as to adjust the reflection coefficient of the 

meta-surface to the target reflection coefficient; 

wherein the reflection coefficient of each electromagnetic unit comprises at least one of 

amplitude, phase and polarization. 

15. The system according to claim 12, wherein the receiving device is further configured to: 

determine the target time period corresponding to each signal measurement result in a signal 

measurement result set, wherein the signal measurement result set comprises the signal 

measurement result corresponding to the preset direction; and 

according to the target time period, determine the preset direction indicated by the preset 

direction information corresponding to the target time period, and determine the signal 

measurement result corresponding to the target time period as the signal measurement result 

corresponding to the preset direction. 

16. The system according to claim 12, wherein the positioning node is further configured to: 

according to the preset direction and a position and height of the meta-surface, determine 

position coordinates (xi, yi) of the reflected beam corresponding to each preset direction in the 

target area, and determine a value of the signal measurement result corresponding to the preset 

direction as a z-coordinate zi corresponding to the position coordinates (xi, yi), wherein i is an 

identifier of the reflected beam corresponding to the preset direction; and 
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perform Gaussian function fitting according to a coordinate range of the target area, the 

position coordinates (xi, yi) and the corresponding z-coordinate zi to obtain a fitted Gaussian 

function, and determine a positioning result of positioning the transmitting device according to 

coordinates corresponding to a vertex of the fitted Gaussian function. 

17. The system according to claim 16, wherein the positioning node is further configured to: 

sample an x-coordinate range and a y-coordinate range of the target area respectively 

according to a preset coordinate interval to obtain an x-coordinate set and a y-coordinate set after 

sampling; 

determine a z-coordinate zw corresponding to each x-coordinate xw in the x-coordinate set 

from the z-coordinate zi corresponding to the position coordinates (xi, yi), and determine a 

z-coordinate zp corresponding to each y-coordinate yp in the y-coordinate set from the z-coordinate 

zi corresponding to the position coordinates (xi, yi), wherein both the w and p are positive integers 

in an interval [1, n], and n is the number of samples sampled; 

perform one-dimensional Gaussian function fitting according to a coordinate set (xw, zw) 

composed of the x-coordinate set and the z-coordinate zw corresponding to each x-coordinate xw in 

the x-coordinate set to obtain a fitted first Gaussian function; and perform one-dimensional 

Gaussian function fitting according to a coordinate set (yp, zp) composed of the y-coordinate set 

and the z-coordinate zp corresponding to each y-coordinate yp in the y-coordinate set to obtain a 

fitted second Gaussian function; 

determine a first coordinate xt corresponding to a vertex of the first Gaussian function and a 

second coordinate yt corresponding to a vertex of the second Gaussian function, and determine xt 

and yt respectively as an x-coordinate and a y-coordinate of the positioning result, wherein xt is an 

x-coordinate within the x-coordinate range, and yt is a y-coordinate within the y-coordinate range. 

18. The system according to claim 12, wherein the positioning node is further configured to: 

according to the preset direction and a position and height of the meta-surface, determine 

position coordinates (xi, yi) of the reflected beam corresponding to each preset direction in the 

target area, and determine a value of the signal measurement result corresponding to the preset 

direction as a z-coordinate zi corresponding to the position coordinates (xi, yi), wherein i is an 

identifier of the reflected beam corresponding to the preset direction; 

perform two-dimensional Gaussian function fitting according to a coordinate set (xi, yi, zi) 

composed of the position coordinates (xi, yi) and the z-coordinate zi to obtain a fitted 
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two-dimensional Gaussian function; and 

determine coordinates (xt, yt) corresponding to a vertex of the two-dimensional Gaussian 

function, and determine the coordinates (xt, yt) as a positioning result of positioning the 

transmitting device, wherein xt is an x-coordinate within the x-coordinate range of the target area, 

and yt is a y-coordinate within the y-coordinate range of the target area. 

19. A computer-readable storage medium, in which a computer program is stored, wherein the 

computer program is configured to execute, when running, the method according to any one of 

claims 1 to 10. 

20. An electronic device, comprising a memory and a processor, wherein the memory stores a 

computer program, and the processor is configured to run the computer program, so as to perform 

the method according to any one of claims 1 to 10. 

 


