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VEHICLE KEY POSITIONING METHOD, AND 

APPARATUS AND STORAGE MEDIUM 

[0001] The present application claims priority to Chinese patent application No. 

202310723293.5, filed with the China National Intellectual Property Administration on 

June 16, 2023 and entitled “Vehicle Key Positioning Method, Apparatus and Storage 5 

Medium”, which is hereby incorporated by reference in its entirety. 

TECHNICAL FIELD 

[0002] The present application relates to the field of communication technology 

and, in particular, to a vehicle key positioning method, an apparatus and a storage 

medium. 10 

BACKGROUND 

[0003] Senseless control technology such as Passive Entry Passive Start (Passive 

Entry Passive Start, PEPS) enables a user to control a vehicle in a senseless manner 

before entering the vehicle, thus improving the user experience of the vehicle. 

[0004] The specific process of the user's senseless control for a vehicle is as follows: 15 

when a key of the vehicle carried by the user is within a preset distance range outside a 

vehicle body of the vehicle, the key establishes communication with the vehicle; a 

vehicle body control module (Body Control Module, BCM) of the vehicle positions the 

key and obtains position information of the key relative to the vehicle; based on the 

position information of the key relative to the vehicle, the BCM determines whether the 20 

key is in a function area of the vehicle; if it is determined that the key is in a certain 

function area of the vehicle, the BCM executes a preset operation corresponding to the 

function area where the key is located. In the prior art, the method for positioning a key 



 

2 
 

by the BCM is mainly as follows: the BCM performs position calculation on distance 

information between the key and all positioning anchor points of the vehicle obtained 

by the BCM by using the least squares method, so as to obtain position information of 

the key relative to the vehicle. 

[0005] In the key positioning method in the prior art, there is a problem of 5 

inaccurate positioning, which affects the user experience of the vehicle. 

SUMMARY 

[0006] The present application provides a vehicle key positioning method, an 

apparatus and a storage medium, so as to solve the problem of inaccurate positioning 

in the key positioning method in the prior art. 10 

[0007] In a first aspect, the present application provides a vehicle key positioning 

method, including: 

after a vehicle completes a communication connection with a key of the 

vehicle, determining respective distances between a plurality of positioning anchor 

points of the vehicle and the key based on respective ranging signals between the 15 

plurality of positioning anchor points and the key; 

determining at least two reference anchor points from the plurality of 

positioning anchor points, based on the respective distances between the plurality of 

positioning anchor points and the key; where a reference anchor point indicates that a 

ranging signal transmission mode between the reference anchor point and the key is 20 

line-of-sight wireless transmission LOS; 

determining a first coordinate of the key in a local coordinate system 

corresponding to the determined reference anchor points, based on respective distances 

between the determined reference anchor points and the key; 

performing a coordinate system transformation processing on the first 25 

coordinate to obtain a second coordinate of the key in a preset coordinate system of the 

vehicle; 

if it is determined according to the second coordinate that the key is in a 
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function area of the vehicle, executing a preset operation corresponding to the function 

area. 

[0008] Optionally, the determining the first coordinate of the key in the local 

coordinate system corresponding to the determined reference anchor points, based on 

the respective distances between the determined reference anchor points and the key 5 

includes: 

determining, from the determined reference anchor points, two reference 

anchor points as target reference anchor points; 

determining the local coordinate system with a line connecting the two 

target reference anchor points as an X-axis and one target reference anchor point on the 10 

X-axis as a coordinate origin; 

determining, based on respective distances between the two target reference 

anchor points and the key, and a distance between the two target reference anchor points, 

the first coordinate of the key in the local coordinate system. 

[0009] Optionally, the determining, from the determined reference anchor points, 15 

two reference anchor points as the target reference anchor points includes: 

if a number of the determined reference anchor points exceeds two and the 

determined reference anchor points are collinear, determining two reference anchor 

points with a largest distance therebetween as the target reference anchor points; 

if the number of the determined reference anchor points exceeds two and 20 

the determined reference anchor points are not collinear, determining two adjacent 

reference anchor points, for which a line connecting them is parallel to a ground surface, 

as the target reference anchor points. 

[0010] Optionally, the performing the coordinate system transformation processing 

on the first coordinate to obtain the second coordinate of the key in the preset coordinate 25 

system of the vehicle includes: 

determining a coordinate transformation coefficient 𝜃 corresponding to the 

coordinate origin of the local coordinate system to which the first coordinate (𝑥௟ , 𝑦௟) 

belongs; 
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transforming the first coordinate (𝑥௟ , 𝑦௟) into a rotation coordinate (𝑥௥ , 𝑦௥) 

using a transformation matrix ቂ
𝑥௥

𝑦௥
ቃ = ቂ

𝑐𝑜𝑠𝜃 −𝑠𝑖𝑛𝜃
𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜃

ቃ ቂ
𝑥௟

𝑦௟
ቃ; 

determining a second coordinate (𝑥௚, 𝑦௚) of the key in the preset coordinate 

system of the vehicle, based on a global coordinate (𝑥଴, 𝑦଴) of a positioning anchor 

point, to which the coordinate origin in the local coordinate system corresponds, in the 5 

preset coordinate system of the vehicle, using formulas 𝑥௚ = 𝑥௥ + 𝑥଴ and 𝑦௚ = 𝑦௥ +

𝑦଴. 

[0011] Optionally, the positioning anchor points are positioning anchor points 

located outside a vehicle body; 

then, the determining the at least two reference anchor points from the 10 

plurality of positioning anchor points based on the respective distances between the 

plurality of positioning anchor points and the key includes: 

sorting the respective distances between the plurality of positioning anchor 

points and the key in ascending order to obtain a distance sequence; 

determining positioning anchor points corresponding to first n distances in 15 

the distance sequence as the reference anchor points; 

where, n≥2. 

[0012] Optionally, the determining the at least two reference anchor points from the 

plurality of positioning anchor points based on the respective distances between the 

plurality of positioning anchor points and the key includes: 20 

obtaining respective received signal strength indications RSSIs 

corresponding to the plurality of positioning anchor points from the key; and/or 

obtaining respective state identifiers of corresponding positioning anchor points from 

positioning apparatuses of the plurality of positioning anchor points; where a state 

identifier is an identifier indicating whether a ranging signal used for ranging between 25 

the positioning anchor point and the key is valid; 

determining a distance corresponding to an RSSI greater than a signal 

strength threshold as a valid distance from the respective distances between the plurality 

of positioning anchor points and the key; and/or determining a distance between a 
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positioning anchor point corresponding to a valid identifier and the key as a valid 

distance from the state identifiers of the plurality of positioning anchor points obtained; 

determining the at least two reference anchor points from the plurality of 

positioning anchor points, based on the determined valid distance. 

[0013] Optionally, before the determining the at least two reference anchor points 5 

from the plurality of positioning anchor points based on the determined valid distance, 

the method further includes: 

if a number of the determined valid distance is less than two, re-acquiring 

respective ranging signals between the plurality of positioning anchor points of the 

vehicle and the key, and determining respective distances between the plurality of 10 

positioning anchor points and the key based on the acquired ranging signals, until that 

at least two valid distances are determined from the respective distances between the 

plurality of positioning anchor points and the key. 

[0014] In a second aspect, the present application provides a control apparatus, 

including: a collection module, a processing module and an operation module; 15 

the collection module is configured to after a vehicle completes a 

communication connection with a key of the vehicle, determine respective distances 

between a plurality of positioning anchor points of the vehicle and the key, based on 

respective ranging signals between the plurality of positioning anchor points and the 

key; 20 

the processing module is configured to determine at least two reference 

anchor points from the plurality of positioning anchor points, based on the respective 

distances between the plurality of positioning anchor points and the key; where a 

reference anchor point indicates that a ranging signal transmission mode between the 

reference anchor point and the key is line-of-sight wireless transmission LOS; 25 

the processing module is further configured to determine a first coordinate 

of the key in a local coordinate system corresponding to the determined reference 

anchor points, based on respective distances between the determined reference anchor 

points and the key; 
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the processing module is further configured to perform a coordinate system 

transformation processing on the first coordinate to obtain a second coordinate of the 

key in a preset coordinate system of the vehicle; 

the operation module is configured to execute a preset operation 

corresponding to a function area of the vehicle if it is determined that the key is in the 5 

function area according to the second coordinate. 

[0015] In a third aspect, the present application provides a control apparatus, 

including: 

a processor and a memory; 

where the memory stores executable instructions executable by the 10 

processor; and 

the processor executes the executable instructions stored in the memory, so 

that the processor executes the method as described above. 

[0016] In a fourth aspect, the present application provides a storage medium, where 

the storage medium stores computer-executable instructions, and the computer-15 

executable instructions, when executed by a processor, are used to implement the 

method described above. 

[0017] In a fifth aspect, the present application provides a chip, including a memory 

and a processor, where the memory stores codes and data, the memory is coupled to the 

processor, and the processor runs a program in the memory so that the chip is used to 20 

execute the method as described above. 

[0018] In a sixth aspect, the present application provides a program product, 

including a computer program, which, when run on a computer, causes the computer to 

execute the method as described above. 

[0019] In a seventh aspect, the present application provides a computer program, 25 

which, when executed by a processor, is used to execute the method as described above. 

[0020] According to the vehicle key positioning method, the apparatus and the 

storage medium provided by the present application, based on a distance between a 

reference anchor point, which indicates that a ranging signal transmission mode 
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between the positioning anchor point and a key is LOS transmission, and a key, a first 

coordinate of the key in a local coordinate system corresponding to the reference anchor 

point is determined. That is, a position of the key relative to the reference anchor point 

is determined, ensuring the accuracy of the determined key position. Then, a coordinate 

system transformation processing is performed on the first coordinate, so as to obtain a 5 

second coordinate of the key in a preset coordinate system of the vehicle, and if it is 

determined according to the second coordinate that the key is in a function area of the 

vehicle, a preset operation corresponding to the function area is executed. The method 

of the present application avoids the inaccurate distance information determined by a 

ranging signal of NLOS transmission, which has an adverse effect on the positioning 10 

accuracy of the key, and improves the positioning accuracy of the key. The present 

application solves the problem of inaccurate positioning existing in the key positioning 

method in the prior art.  

BRIEF DESCRIPTION OF DRAWINGS 

[0021] The accompanying drawings, which are incorporated in and constitute a part 15 

of this specification, illustrate embodiments consistent with the present application and, 

together with the description, serve to explain the principles of the present application. 

[0022] FIG. 1a is a diagram of an existing key positioning scenario. 

[0023] FIG. 1b is a diagram of an existing ranging signal transmission scenario 

between a key and a vehicle positioning anchor point. 20 

[0024] FIG. 2 is a diagram of a vehicle key positioning scenario provided by an 

embodiment of the present application. 

[0025] FIG. 3 is a flow chart of vehicle key positioning provided by an embodiment 

of the present application. 

[0026] FIG. 4 is a scenario diagram of a user opening a vehicle rearview mirror 25 

using senseless control provided by an embodiment of the present application. 

[0027] FIG. 5 is a schematic diagram of a local coordinate system provided by an 

embodiment of the present application. 
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[0028] FIG. 6 is a schematic diagram of a preset coordinate system of a vehicle 

provided by an embodiment of the present application. 

[0029] FIG. 7 is a first structural diagram of a control apparatus provided by an 

embodiment of the present application. 

[0030] FIG. 8 is a second structural diagram of a control apparatus provided by an 5 

embodiment of the present application. 

[0031] The above drawings have shown clear embodiments of the present 

application, which will be described in more detail later. These drawings and text 

descriptions are not intended to limit the scope of the present application in any way, 

but to illustrate the concept of the present application to those skilled in the art by 10 

referring to specific embodiments. 

DESCRIPTION OF EMBODIMENTS 

[0032] In order to make the purpose, technical solution and advantages of the 

embodiments of the present application clearer, the technical solution in embodiments 

of the present application will be clearly and completely described below with reference 15 

to the drawings in the embodiments of the present application. Obviously, the described 

embodiments are part of the embodiments of the present invention, not all of the 

embodiments. Based on the embodiments in the present application, all other 

embodiments obtained by those skilled in the art without creative work are within the 

protection scope of the present application. 20 

[0033] Senseless control technology such as Passive Entry Passive Start (PEPS) 

enables a key-free control (or senseless control) for a vehicle before a user enters the 

vehicle, greatly improving the user experience of the vehicle. 

[0034] FIG. 1a is a diagram of an existing key positioning scenario. As shown in 

FIG. 1a, typically, positioning anchor points are deployed on a vehicle, and the 25 

positioning anchor points on the vehicle are, for example, UWB anchor points such as 

UWB1, UWB2, UWB3, UWB4, UWB5, UWB6, and UWB7 etc., as shown in FIG. 1a. 

As shown in FIG. 1a, UWB1, UWB2, UWB3, and UWB4 are all positioned outside a 
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vehicle body, and UWB5, UWB6, and UWB7 are all positioned inside the vehicle body. 

A vehicle body controller (Body Control Module, referred to as BCM) 12 is also 

deployed on the vehicle. The BCM 12 continuously broadcasts BLE broadcast signals 

through a Bluetooth (Bluetooth Low Energy, referred to as BLE) module on the BCM 

12. A key 11 of the vehicle detects the BLE broadcast signal of the vehicle in real time. 5 

[0035] The specific process of a user's senseless control for the vehicle is as follows: 

if the key 11 detects and identifies that a received signal strength indication (Received 

Signal Strength Indication, RSSI) of a BLE broadcast signal of an associated vehicle 

reaches a preset communication threshold, the key 11 sends a communication 

connection request to the BCM 12 of the associated vehicle; then, the BCM 12 responds 10 

to the communication connection request sent by the key 11, and establishes 

communication with the key 11 after successful authentication, so as to complete a 

communication connection between the vehicle and the corresponding key 11; then, the 

BCM 12 uses the BLE RSSI between the BCM 12 and the key 11 as a ranging signal 

to continuously measure a distance from the key 11, to obtain a Bluetooth ranging 15 

distance of the key 11 relative to the vehicle; if the Bluetooth ranging distance is less 

than or equal to a first distance threshold, the BCM 12 controls positioning apparatuses 

at a plurality of positioning anchor points of the vehicle to initiate a ranging function of 

each positioning apparatus, and convert a Bluetooth ranging mode to an ultra-wideband 

(Ultra Wide Band, referred to as: UWB) ToF (Time of Flight) ranging mode of the 20 

positioning apparatus. The positioning apparatus may be, for example, such as a UWB 

apparatus including a UWB chip or a UWB module. The positioning apparatus and the 

BCM 12 may be connected via a bus. 

[0036] The key 11 of the vehicle may be a physical key or a virtual key on a user 

terminal. 25 

[0037] After the BCM 12 converts the Bluetooth RSSI ranging mode into the UWB 

ToF ranging mode, the BCM 12 positions the key 11 as follows: the BCM 12 determines 

distance information between each positioning anchor point corresponding to each 

positioning apparatus and the key 11 based on a ranging signal between each 
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positioning apparatus and the key 11; then, the BCM 12 uses the least square method 

to perform a position calculation on the plurality of determined distance information to 

obtain position information of the key 11 relative to the vehicle to position the key 11, 

where the position information of the key 11 relative to the vehicle may be a coordinate 

of the key 11 in a preset coordinate system of the vehicle; then, the BCM 12 determines 5 

whether the key 11 is in a function area of the vehicle based on the position information 

of the key 11 relative to the vehicle; if it is determined that the key 11 is in the function 

area of the vehicle, the BCM 12 executes a preset operation corresponding to the 

function area where the key 11 is located; if it is determined that the key 11 is not in the 

function area of the vehicle, the preset operation corresponding to the function area will 10 

not be executed. 

[0038] As shown in FIG. 1b, a key 11 is in the vicinity outside a vehicle body, and 

a transmission mode of a ranging signal between the key 11 and the positioning anchor 

point outside the vehicle body includes a Line of Sight wireless transmission (Line of 

Sight, referred to as LOS) and a Non-Line of Sight wireless transmission (Non-Line of 15 

Sight, referred to as NLOS). Due to the obstruction of the vehicle body, there is no 

direct path for a ranging signal between the key 11 and the positioning anchor point 

inside the vehicle body, so that the transmission mode of the ranging signal is NLOS 

transmission. The NLOS transmission of the ranging signal between the key 11 and the 

positioning anchor point indicates that the ranging signal is reflected and/or diffracted 20 

by a reflector during a transmission between the key 11 and the positioning anchor point, 

and the transmission of the ranging signal does not meet a line of sight condition and 

there is thus no direct path. The reflector may be, for example, a metal or non-metal 

vehicle body. The ranging signal is reflected and/or diffracted by the reflector, and the 

RSSI of the ranging signal will also be weakened due to factors such as surface 25 

conductivity, roughness, and reflectivity of the reflector. After the ranging signal is 

reflected and/or diffracted by the reflector during the transmission, a distance between 

the key 11 and the positioning anchor point determined based on the ranging signal is 

often greater than an actual distance between the key 11 and the positioning anchor 
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point. Therefore, the distance information between the key 11 and all the positioning 

anchor points of the vehicle contains inaccurate distance information. 

[0039] In the present application, NLOS is also referred to as NLOS transmission, 

and LOS is also referred to as LOS transmission. 

[0040] Since the accuracy of the least squares calculation is closely related to the 5 

amount of data used for the calculation and the accuracy of the data, in order to ensure 

the amount of data used for the least squares calculation, in the existing key positioning 

method distance information between the key 11 and all positioning anchor points is 

used to calculate the position of the key 11, resulting in a large deviation between the 

obtained position information of the key 11 relative to the vehicle and an actual position 10 

of the key 11 relative to the vehicle, which leads to the problem of inaccurate 

positioning in the key positioning method in the prior art, which in turn causes a key 

position calculated by the vehicle to be inconsistent with an actual position of the key, 

triggering an execution of a preset operation of a function area that does not match the 

actual position, or causes a situation where the key is located in a function area of the 15 

vehicle, but a preset operation of the function area where the key is located cannot be 

executed, affecting the user experience of the vehicle. 

[0041] Typically, as shown in FIG. 1b, the key 11 is outside the vehicle body, and 

a transmission of a ranging signal between the key 11 and at least two positioning 

anchor points on the vehicle is not subject to reflection or diffraction by the vehicle 20 

body, or, a transmission mode of the ranging signal between the key 11 and at least two 

positioning anchor points on the vehicle is LOS transmission. The LOS transmission is 

as shown in scenario 1, scenario 2, and scenario 3 of FIG. 1b. If a positioning anchor 

point corresponding to the LOS transmission is used as a reference anchor point to 

position the key 11, the positioning accuracy of the key 11 can be improved, and, at the 25 

same time, an adverse effect of inaccurate distance information determined based on a 

ranging signal of NLOS transmission on the positioning accuracy of the key 11 can be 

eliminated. 

[0042] In this regard, the present application proposes a vehicle key positioning 
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method: after a vehicle completes a communication connection with a key of the vehicle, 

determining respective distances between a plurality of positioning anchor points of the 

vehicle and the key based on respective ranging signals between the plurality of 

positioning anchor points and the key; determining at least two reference anchor points 

from the plurality of positioning anchor points based on the respective distances 5 

between the plurality of positioning anchor points and the key; determining a first 

coordinate of the key in a local coordinate system corresponding to the determined 

reference anchor points based on the respective distances between the determined 

reference anchor points and the key, where the reference anchor point indicates that a 

transmission mode of the ranging signal between the reference anchor point and the key 10 

is line-of-sight wireless transmission LOS; performing a coordinate system 

transformation processing on the first coordinate to obtain a second coordinate of the 

key in a preset coordinate system of the vehicle; and according to the second coordinate, 

if it is determined that the key is in a function area of the vehicle, executing a preset 

operation corresponding to the function area. According to the vehicle key positioning 15 

method provided by the present application, based on a distance between a reference 

anchor point, which indicates that a ranging signal transmission mode between the 

positioning anchor point and a key is LOS transmission, and a key, a first coordinate of 

the key in a local coordinate system corresponding to the reference anchor point is 

determined. That is, a position of the key relative to the reference anchor point is 20 

determined, ensuring the accuracy of the determined key position. Then, a coordinate 

system transformation processing is performed on the first coordinate to obtain a second 

coordinate of the key in a preset coordinate system of the vehicle; if it is determined 

according to the second coordinate that the key is in a function area of the vehicle, a 

preset operation corresponding to the function area is executed. The method of the 25 

present application avoids the inaccurate distance information determined by the 

ranging signal of NLOS transmission, which has an adverse effect on the positioning 

accuracy of the key, improves the positioning accuracy of the key, and solves the 

problem of inaccurate positioning in the key positioning method in the prior art. 
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[0043] The vehicle key positioning method provided by the present application is 

described below with reference to some embodiments. 

[0044] FIG. 2 is a diagram of a vehicle key positioning scenario provided by an 

embodiment of the present application. As shown in FIG. 2, a plurality of positioning 

anchor points are provided on the vehicle, and the positioning anchor points are UWB1, 5 

UWB2, UWB3, and UWB4, as illustrated in FIG. 2. Positioning apparatuses are 

deployed on the positioning anchor points, and the positioning apparatus can determine 

a distance between the positioning anchor point and the key 11, or, the positioning 

anchor point is an anchor point with a positioning function. The positioning apparatus 

can be a UWB apparatus including a UWB chip or a UWB module. The positioning 10 

apparatus can also be a positioning apparatus including a BLE module or a BLE chip. 

A control apparatus 21 is deployed on the vehicle, and the control apparatus 21 includes 

a BLE module. The key 11 of the vehicle also includes a UWB chip or a UWB module. 

The key 11 of the vehicle also includes a BLE module or a BLE chip. The key 11 of the 

vehicle can be a physical key or a virtual key on a user terminal. The user terminal can 15 

be a terminal such as a mobile phone or a tablet computer. 

[0045] Typically, the control apparatus 21 continuously broadcasts BLE broadcast 

signals through the BLE module. The key 11 of the vehicle detects the BLE broadcast 

signal of the vehicle in real time. 

[0046] If the key 11 detects and identifies that an RSSI of the BLE broadcast signal 20 

of the vehicle reaches a preset communication threshold, the key 11 sends a 

communication connection request to the control apparatus 21 of the vehicle. The 

control apparatus 21 responds to the communication connection request sent by the key 

11, and establishes communication with the key 11 after successful authentication, so 

as to complete a communication connection between the vehicle and the key 11. The 25 

control apparatus 21 continuously measures a distance from the key 11 based on a BLE 

ranging signal between the control apparatus 21 and the key 11, to obtain a Bluetooth 

ranging distance of the key 11 relative to the vehicle. If the Bluetooth ranging distance 

is less than or equal to a first distance threshold, the control apparatus 21 controls 
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positioning apparatuses at a plurality of positioning anchor points of the vehicle, and 

initiates a ranging function of each positioning apparatus. If the positioning apparatus 

is a UWB apparatus, the control apparatus 21 converts a Bluetooth ranging mode used 

for ranging by the control apparatus 21 to a UWB ranging mode used for ranging by 

the positioning apparatus. The ranging signal between the positioning apparatus and the 5 

key 11 is a ranging signal between the positioning anchor point corresponding to the 

positioning apparatus and the key 11. 

[0047] After the control apparatus 21 converts the Bluetooth ranging mode into the 

UWB ranging mode, the control apparatus 21 positions the key 11 in the following 

manner: the control apparatus 21 determines respective distances between a plurality of 10 

positioning anchor points of the vehicle and the key 11 based on respective ranging 

signals between the plurality of positioning anchor points and the key 11; then, the 

control apparatus 21 determines at least two reference anchor points from the plurality 

of positioning anchor points based on the respective distances between the plurality of 

positioning anchor points and the key 11; and determines a first coordinate of the key 15 

11 in a local coordinate system corresponding to the determined reference anchor points 

based on the respective distances between the determined reference anchor points and 

the key 11, where the reference anchor point indicates that a ranging signal transmission 

mode between the reference anchor point and the key 11 is a line-of-sight wireless 

transmission (LOS); then, the control apparatus 21 performs a coordinate system 20 

transformation processing on the first coordinate to obtain a second coordinate of the 

key 11 in a preset coordinate system of the vehicle; according to the second coordinate, 

if it is determined that the key 11 is in a function area of the vehicle, the control 

apparatus 21 executes a preset operation corresponding to the function area; if it is 

determined that the key 11 is not in the function area of the vehicle, the preset operation 25 

corresponding to the function area will not be executed. 

[0048] Typically, a vehicle is preset with multiple function areas. The preset 

operations corresponding to each function area include at least one of the following 

operations: Passive Entry (Passive Entry), Passive Start (Passive Start), turning on the 
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welcome light, opening the left and right doors, seat adjustment, turning on the air 

conditioner, locking, turning off the engine, turning off the lights, closing the doors, 

turning off the air conditioner, etc. 

[0049] As shown in FIG. 2, the positioning anchor points UWB1, UWB2, UWB3, 

and UWB4 are all located outside a vehicle body, and UWB1 and UWB4 are located at 5 

two corners of a front portion of the vehicle, and UWB2 and UWB3 are located at two 

corners of a rear portion of the vehicle. The positioning anchor points are located 

outside the vehicle body and at the four corners of the front portion and rear portion of 

the vehicle, ensuring that the ranging signals between the key 11 and the positioning 

anchor points are not blocked by the vehicle body, or are not reflected or diffracted by 10 

the vehicle body. 

[0050] Optionally, the positioning apparatus may also be a Bluetooth positioning 

apparatus. After a ranging function of the Bluetooth positioning apparatus is activated, 

the control apparatus 21 positions the key 11 in the following manner: the control 

apparatus 21 determines respective distances between a plurality of positioning anchor 15 

points of the vehicle and the key 11 based on ranging signals (such as Bluetooth ranging 

signal) between Bluetooth positioning apparatuses of the plurality of positioning anchor 

points and the key 11; then, the control apparatus 21 determines at least two reference 

anchor points from the plurality of positioning anchor points based on the respective 

distances between the plurality of positioning anchor points and the key 11, and 20 

determines a first coordinate of the key 11 in a local coordinate system corresponding 

to the determined reference anchor points based on the respective distances between the 

determined reference anchor points and the key 11; then, the control apparatus 21 

performs a coordinate system transformation processing on the first coordinate to obtain 

a second coordinate of the key 11 in a preset coordinate system of the vehicle; based on 25 

the second coordinate, if it is determined that the key 11 is in a function area of the 

vehicle, the control apparatus 21 executes a preset operation corresponding to the 

function area; if it is determined that the key 11 is not in the function area of the vehicle, 

the preset operation corresponding to the function area will not be executed. 
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[0051] Typically, in terms of short-range ranging, the accuracy of UWB ranging is 

higher than that of Bluetooth ranging. Therefore, the positioning apparatus may 

preferably be a UWB apparatus using the UWB ranging mode. 

[0052] In the vehicle key positioning method provided by the present embodiment, 

at least two reference anchor points are determined from a plurality of positioning 5 

anchor points, and a first coordinate of the key in a local coordinate system 

corresponding to the reference anchor points is determined based on respective 

distances between the determined reference anchor points and the key, so as to 

accurately determine a position of the key relative to the reference anchor points, 

thereby ensuring the accuracy of the determined key position; then, a coordinate system 10 

transformation processing is performed on the first coordinate to obtain a second 

coordinate of the key in a preset coordinate system of the vehicle; if it is determined 

that the key is in a function area of the vehicle according to the second coordinate, a 

preset operation corresponding to the function area where the key is located is executed; 

and if it is determined that the key is not in a function area of the vehicle, the preset 15 

operation corresponding to the function area will not be executed. The method of the 

present application avoids the inaccurate distance information determined by the 

ranging signal of NLOS transmission, which has an adverse effect on the positioning 

accuracy of the key, improves the positioning accuracy of the key, and solves the 

problem of inaccurate positioning in the key positioning method in the prior art. The 20 

method of the present application can also avoid a situation where the key position 

calculated by the existing key positioning method of the vehicle is inconsistent with an 

actual position of the key, resulting in triggering an execution of a preset operation of a 

function area that is inconsistent with the actual position; or avoid a situation where the 

key is located in a function area of the vehicle, but a preset operation of the function 25 

area where the key is located cannot be executed. The method provided by the present 

application improves the user experience of the vehicle. 

[0053] The vehicle key positioning method provided by the present application is 

described in detail below with reference to FIG. 2 and FIG. 3. FIG. 3 is a flow chart of 
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vehicle key positioning provided by an embodiment of the present application. The 

execution entity of the embodiment shown in FIG. 3 may be the control apparatus 21 

in the embodiment shown in FIG. 2. As shown in FIG. 3, the method includes: 

S101, after a vehicle completes a communication connection with a key of 

the vehicle, determining respective distances between a plurality of positioning anchor 5 

points of the vehicle and the key based on respective ranging signals between the 

plurality of positioning anchor points and the key. 

[0054] In the present embodiment, after the vehicle and the key 11 of the vehicle 

get connected in communication and the positioning apparatuses on the plurality of 

positioning anchor points on the vehicle start ranging operation, the control apparatus 10 

21 obtains the respective ranging signals between the plurality of positioning anchor 

points of the vehicle and the key 11. The control apparatus 21 determines the respective 

distances between the plurality of positioning anchor points of the vehicle and the key 

11 based on the respective ranging signals between the plurality of positioning anchor 

points and the key 11. 15 

[0055] Optionally, the positioning anchor point is a positioning anchor point located 

outside the vehicle body. For example, the positioning anchor point may be a 

positioning anchor point located at the four corners of the front portion and rear portion 

of the vehicle, or may be a positioning anchor point located at other positions outside 

the vehicle body. The distance between the positioning anchor point and the key 11, 20 

which is determined by the control apparatus 21, may be a time of flight (Time of flight, 

referred to as ToF) distance. 

[0056] S102, determining at least two reference anchor points from the plurality of 

positioning anchor points based on the respective distances between the plurality of 

positioning anchor points and the key; where, the reference anchor point indicates that 25 

a ranging signal transmission mode between the reference anchor point and the key is 

line-of-sight wireless transmission LOS. 

[0057] In the present embodiment, the control apparatus 21 can determine at least 

two positioning anchor points whose ranging signal transmission mode is LOS from 
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the plurality of positioning anchor points as reference anchor points based on the 

respective distances between the plurality of positioning anchor points and the key 11. 

[0058] Exemplarily, the control apparatus 21 may determine at least two reference 

anchor points from the plurality of positioning anchor points based on the respective 

distances between the plurality of positioning anchor points and the key 11 in the 5 

following manner: the control apparatus 21 sorts the respective distances between the 

plurality of positioning anchor points and the key 11 in ascending order to obtain a 

distance sequence. The control apparatus 21 determines positioning anchor points 

corresponding to first n distances in the distance sequence as reference anchor points, 

where n≥2, and n may be the number of preset reference anchor points. 10 

[0059] Optionally, the control apparatus 21 may also determine positioning anchor 

points corresponding to first n distances in the distance sequence that are smaller than 

a second distance threshold as the reference anchor points. The second distance 

threshold may be a maximum distance between the key 11 and the vehicle when the 

key 11 is located in the function area. 15 

[0060] If a ranging signal between the positioning anchor point and the key 11 is 

reflected or diffracted by the vehicle body, the distance between the positioning anchor 

point and the key 11 determined based on the ranging signal will become larger. 

Therefore, determining the positioning anchor point with a small distance from the 

distance sequence as the reference anchor point can ensure the accuracy and 20 

effectiveness of the determined reference anchor point, thereby ensuring the accuracy 

of the position of the key 11 determined based on the reference anchor point. 

[0061] Optionally, the control apparatus 21 may also determine at least two 

reference anchor points from the plurality of positioning anchor points based on the 

respective distances between the plurality of positioning anchor points and the key 11 25 

in the following manner as shown in steps I-III. 

[0062] Step I, the control apparatus 21 obtains respective received signal strength 

indications (RSSIs) corresponding to the plurality of positioning anchor points from the 

key 11; and/or obtains respective state identifiers of corresponding positioning anchor 
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points from positioning apparatuses of the plurality of positioning anchor points. The 

state identifier is an identifier that indicates whether a ranging signal used for ranging 

between the positioning anchor point and the key is valid. That is, the state identifier is 

a valid identifier that indicates that a ranging signal used for ranging between the 

positioning anchor point and the key is valid, or an invalid identifier that indicates that 5 

a ranging signal used for ranging between the positioning anchor point and the key is 

invalid. The valid identifier is such as 1 or valid, and the invalid identifier is such as 0 

or invalid. 

[0063] Step II, the control apparatus 21 determines, from the respective distances 

between the plurality of positioning anchor points and the key 11, a distance 10 

corresponding to an RSSI greater than a signal strength threshold as a valid distance; 

and/or determines, from the respective state identifiers of the plurality of positioning 

anchor points obtained, a distance between a positioning anchor point corresponding to 

a valid identifier and the key as a valid distance. 

[0064] Step III, the control apparatus 21 determines at least two reference anchor 15 

points from the plurality of positioning anchor points based on the determined valid 

distance. 

[0065] Furthermore, before the control apparatus 21 determines at least two 

reference anchor points from the plurality of positioning anchor points based on the 

determined valid distance, if the number of the valid distances determined by the control 20 

apparatus 21 is less than two, the control apparatus 21 re-acquires respective ranging 

signals between the plurality of positioning anchor points of the vehicle and the key 11, 

and determines respective distances between the plurality of positioning anchor points 

and the key 11 based on the acquired ranging signals, until that at least two valid 

distances are determined from the respective distances between the plurality of 25 

positioning anchor points and the key 11, so as to improve the accuracy of subsequent 

positioning of the key 11. 

[0066] The control apparatus 11 determines the valid distance from the respective 

distances between the plurality of positioning anchor points and the key 11 based on 
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the RSSI and/or the state identifier of the positioning anchor point, and then determines 

the reference anchor point based on the valid distance, thereby improving the accuracy 

of determining the reference anchor point and ensuring the validity of the determined 

reference anchor point. 

[0067] S103, determining a first coordinate of the key in a local coordinate system 5 

corresponding to the determined reference anchor points, based on the respective 

distances between the determined reference anchor points and the key. 

[0068] In the present embodiment, based on the respective distances between the 

determined reference anchor points and the key, the control apparatus 21 can determine 

the first coordinate of the key 11 in the local coordinate system corresponding to the 10 

determined reference anchor points in the manner shown in steps IV-VI below: 

[0069] Step IV: the control apparatus 21 determines two reference anchor points as 

target reference anchor points from the determined reference anchor points. 

[0070] Exemplarily, if the number of the reference anchor points determined by the 

control apparatus 21 exceeds two and the determined reference anchor points are 15 

collinear, the control apparatus 21 determines two reference anchor points with the 

largest distance therebetween as the target reference anchor points. 

[0071] If the number of the reference anchor points determined by the control 

apparatus 21 exceeds two and the determined reference anchor points are not collinear, 

two adjacent reference anchor points, for which a line connecting them is parallel to a 20 

ground surface, are determined as the target reference anchor points. Further, if the 

control apparatus 21 determines that there are multiple groups of two adjacent reference 

anchor points satisfying that the line connecting the two adjacent reference anchor 

points are parallel to the ground surface, two adjacent reference anchor points for which 

the line connecting them is parallel to the ground surface and which are least affected 25 

by the vehicle body are selected as the target reference anchor points according to a 

preset rule. 

[0072] If the number of the reference anchor points determined by the control 

apparatus 21 exceeds two and the determined reference anchor points are not collinear, 
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the control apparatus 21 determines two adjacent reference anchor points whose sum 

of distances from the key 11 is the smallest as the target reference anchor points. 

[0073] Step V, the control apparatus 21 determines the local coordinate system with 

a line connecting two target reference anchor points as an X-axis and one target 

reference anchor point on the X-axis as a coordinate origin. 5 

[0074] Step VI, the control apparatus 21 determines a first coordinate of the key 11 

in the local coordinate system based on respective distances between the two target 

reference anchor points and the key 11, and a distance between the two target reference 

anchor points. 

[0075] Optionally, if the key 11 is not colinear with the reference anchor points, on 10 

the same vehicle, the local coordinate system determined by the control apparatus 21 

may be a local coordinate system in which a Y-axis coordinate value of the key 11 is a 

negative number. 

[0076] Optionally, if the key 11 is not collinear with the reference anchor points, on 

the same vehicle, the local coordinate system determined by the control apparatus 21 15 

may also be a local coordinate system in which a Y-axis coordinate value of the key 11 

is a positive number. 

[0077] The first coordinate of the key 11 represents the position of the key 11 

relative to the determined reference anchor points. The control apparatus 21 determines 

at least two positioning anchor points whose ranging signal transmission mode is LOS 20 

from the plurality of positioning anchor points as reference anchor points, and 

accurately determines the position of the key 11 relative to the reference anchor points 

based on the respective distances between the reference anchor points and the key 11, 

thereby ensuring the accuracy of the determined position of the key 11. 

[0078] Typically, a vehicle is preset with multiple function areas, and each function 25 

area corresponds to a preset operation, so that when it is determined that a user is 

carrying the key 11 in a certain function area, the preset operation corresponding to the 

function area is executed, so that the user can realize senseless control of the vehicle. 

[0079] In order to determine whether the key 11 is in the function area of the vehicle, 
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a coordinate of the key 11 in a preset coordinate system of the vehicle are usually used 

for judgment. Each function area of the vehicle is associated with the preset coordinate 

system of the vehicle. Based on the first coordinate of the key 11 in the local coordinate 

system, the control apparatus 21 can accurately determine a coordinate of the key 11 in 

the preset coordinate system of the vehicle, and then accurately determine whether the 5 

key 11 is in the function area of the vehicle. Therefore, after executing step S103, the 

control apparatus 21 executes step S104 to accurately determine the coordinate of the 

key 11 in the preset coordinate system of the vehicle. 

[0080] S104, performing a coordinate system transformation processing on the first 

coordinate to obtain a second coordinate of the key in a preset coordinate system of the 10 

vehicle. 

[0081] In the present embodiment, based on the first coordinate of the key 11 that 

has been accurately determined, the control apparatus 21 performs a coordinate system 

transformation processing from the local coordinate system to the preset coordinate 

system for the first coordinate, so that a second coordinate of the key 11 in the preset 15 

coordinate system of the vehicle can be accurately obtained. The second coordinate is 

used to determine whether the key 11 is within the function area of the vehicle. 

[0082] Exemplarily, the control apparatus 21 determines a coordinate 

transformation coefficient 𝜃  corresponding to the coordinate origin of the local 

coordinate system to which the first coordinate (𝑥௟, 𝑦௟) belongs. 20 

[0083] The control apparatus 21 uses a transformation matrix ቂ
𝑥௥

𝑦௥
ቃ =

ቂ
𝑐𝑜𝑠𝜃 −𝑠𝑖𝑛𝜃
𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜃

ቃ ቂ
𝑥௟

𝑦௟
ቃ to transform the first coordinate (𝑥௟ , 𝑦௟) into a rotation coordinate 

(𝑥௥ , 𝑦௥). 

[0084] Based on a global coordinate (𝑥଴, 𝑦଴) in a preset coordinate system of the 

vehicle of a positioning anchor point, which corresponds to the coordinate origin of the 25 

local coordinate system, the control apparatus 21 determines the second coordinate 

(𝑥௚, 𝑦௚) of the key 11 in the preset coordinate system of the vehicle, using the formulas 

𝑥௚ = 𝑥௥ + 𝑥଴ and 𝑦௚ = 𝑦௥ + 𝑦଴. 
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[0085] In step S104, a conversion from the coordinate of the key 11 in the local 

coordinate system to the coordinate of the key 11 in the preset coordinate system is 

achieved, to obtain the second coordinate that can be used to determine whether the key 

11 is within the function area of the vehicle. 

[0086] S105, if it is determined according to the second coordinate that the key is 5 

in a function area of the vehicle, executing a preset operation corresponding to the 

function area. 

[0087] In the present embodiment, based on the second coordinate, if it is 

determined that the key 11 is in the function area of the vehicle, the control apparatus 

21 executes a preset operation corresponding to the function area where the key 11 is 10 

located. 

[0088] Correspondingly, if the control apparatus 21 determines, based on the 

second coordinate, that the key 11 is not in the function area of the vehicle, the preset 

operation corresponding to the function area will not be executed. 

[0089] The vehicle key positioning method provided in the present application is 15 

described below with reference to FIG. 4, which illustrates a scenario of a user opening 

a vehicle rearview mirror using senseless control. 

[0090] Assume that a rearview mirror of vehicle A is in a closed state. The 

positioning anchor point on vehicle A is a UWB anchor point. The positioning anchor 

points of vehicle A include two UWB anchor points UWB1 and UWB4 located at two 20 

corners of a front portion of vehicle A, and two UWB anchor points UWB2 and UWB3 

located at two corners of a rear portion of vehicle A, as shown in FIG. 4. A UWB 

apparatus is deployed at the UWB anchor point. The UWB apparatus includes a UWB 

chip or a UWB module. Key A includes a UWB chip or a UWB module. Key A also 

includes a BLE module. A control apparatus 21 similar to or identical to the 25 

embodiment of FIG. 2 is deployed on vehicle A. 

[0091] As shown in FIG. 4, a process of a user opening a vehicle rearview mirror 

using senseless control is shown in the following steps (1) to (3). 

[0092] (1) If key A of user A detects and identifies that an RSSI of a BLE broadcast 
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signal of vehicle A reaches a preset communication threshold, key A sends a 

communication connection request to the control apparatus 21 of vehicle A. The control 

apparatus 21 responds to the communication connection request sent by key A, and 

establishes communication with key A after successful authentication, so as to complete 

a communication connection between vehicle A and key A. The control apparatus 21 5 

continuously measures a distance from key A based on the BLE ranging signal between 

the control apparatus 21 and key A, and obtains a Bluetooth ranging distance of key A 

relative to the vehicle. If the Bluetooth ranging distance is less than or equal to a first 

distance threshold, the control apparatus 21 controls the UWB apparatuses at a plurality 

of positioning anchor points of vehicle A to start a ranging function of each UWB 10 

apparatus. The control apparatus 21 converts a Bluetooth ranging mode used for 

ranging by the control apparatus 21 into a UWB ranging mode used for ranging by the 

UWB apparatus. The ranging signal between the UWB apparatus and key A is a ranging 

signal between a positioning anchor point corresponding to the UWB apparatus and key 

A. 15 

[0093] (2) After the control apparatus 21 converts the Bluetooth ranging mode into 

the UWB ranging mode, the control apparatus 21 positions key A in the manner shown 

in the following steps (2.1)-(2.8). 

[0094] (2.1) The control apparatus 21 determines respective distances between 

UWB1, UWB2, UWB3, UWB4 and key A, based on respective ranging signals between 20 

the plurality of positioning anchor points of the vehicle and key A. The respective 

distances between UWB1, UWB2, UWB3, UWB4 and key A are such as a distance d1 

between key A and UWB1, a distance d2 between key A and UWB2, a distance d3 

between key A and UWB3, and a distance d4 between key A and UWB4. 

[0095] (2.2) The control apparatus 21 also obtains respective RSSIs corresponding 25 

to UWB1, UWB2, UWB3, and UWB4 from key A, and obtains state identifiers of 

corresponding positioning anchor points from UWB apparatuses respectively 

corresponding to UWB1, UWB2, UWB3, and UWB4. Assume that the RSSIs 

corresponding to UWB1, UWB2, UWB3, and UWB4 are RSSI-1, RSSI-2, RSSI-3, and 
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RSSI-4 respectively; all the state identifiers of UWB1, UWB2, UWB3, and UWB4 are 

valid identifiers. 

[0096] (2.3) Among the respective distances d1, d2, d3, d4 between UWB1, UWB2, 

UWB3, UWB4 and key A, if RSSI-1, RSSI-2, RSSI-3, RSSI-4 corresponding to d1, d2, 

d3, d4 are all greater than the RSSI of a signal strength threshold, and all the state 5 

identifiers of the positioning anchor points corresponding to d1, d2, d3, d4 are valid 

identifiers, the control apparatus 21 determines that d1, d2, d3, d4 are valid distances. 

[0097] (2.4) The control apparatus 21 sorts d1, d2, d3, and d4 in ascending order to 

obtain a distance sequence [d3, d4, d2, d1]. 

[0098] (2.5) Assume that n = 2. The control apparatus 21 determines the positioning 10 

anchor points (i.e., UWB3 and UWB4) corresponding to the first two distances (i.e., d3 

and d4) in the distance sequence [d3, d4, d2, d1] as reference anchor points. 

[0099] (2.6) The control apparatus 21 determines two reference anchor points 

UWB3 and UWB4 as target reference anchor points from the determined reference 

anchor points UWB3 and UWB4. 15 

[0100] (2.7) The control apparatus 21 determines the local coordinate system 

shown in FIG. 5 with a line connecting the target reference anchor points UWB3 and 

UWB4 as the X-axis and the positioning anchor point UWB3 as a coordinate origin. 

The local coordinate system is the local coordinate system corresponding to the 

reference anchor points UWB3 and UWB4. In the local coordinate system, the Y-axis 20 

coordinate value of key A is a negative number. Based on the respective distances d3 

and d4 between the target reference anchor points UWB3 and UWB4 and key A, and a 

distance ℎଷସ  between the target reference anchor points UWB3 and UWB4, the 

control apparatus 21 determines the first coordinate (𝑥௟஺, 𝑦௟஺ ) of key A in the local 

coordinate system shown in FIG. 5 as follows. 25 

[0101] As shown in FIG. 5, a vertical distance from key A to the X-axis is dy, and 

a vertical distance from key A to the Y-axis is dx. Then the first coordinate of key A in 

the local coordinate system shown in FIG. 5 is (𝑥௟஺, 𝑦௟஺)=(dx, -dy). 

[0102] dx and dy are determined as follows: the control apparatus 21 determines 
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cos 𝛼 =
(ௗయ)మା(௛యర)మି(ௗర)మ

ଶ×ௗయ×௛యర
, according to the cosine theorem(𝑑ସ)ଶ = (𝑑ଷ)ଶ + (ℎଷସ)ଶ −

2 × 𝑑ଷ × ℎଷସ × cos 𝛼, and further determines: 𝑑௫ = 𝑑ଷ × cos 𝛼; 𝑑௬ = 𝑑ଷ × sin 𝛼. 

[0103] (2.8) The control apparatus 21 performs a coordinate system transformation 

processing on the first coordinate (𝑥௟஺, 𝑦௟஺ ) of key A in the manner shown in steps 

(2.8.1)-(2.8.3) to obtain a second coordinate (𝑥௚஺, 𝑦௚஺) of key A in the preset coordinate 5 

system of vehicle A. 

[0104] Assume that a preset coordinate system of vehicle A is shown in FIG. 6. The 

preset coordinate system of vehicle A takes a forward direction of a centerline of the 

vehicle body as a positive direction of the Y axis, a right direction of a driver as a 

positive direction of the X axis, and an intersection of the X axis and the Y axis is 10 

located at a forefront end of a front portion of the vehicle along the central axis. The 

global coordinates of the four positioning anchor points UWB1, UWB2, UWB3, and 

UWB4 of vehicle A in the preset coordinate system of vehicle A are (𝑥଴ଵ, 𝑦଴ଶ), (𝑥଴ଶ, 𝑦଴ଶ), 

(𝑥଴ଷ, 𝑦଴ଷ), and (𝑥଴ସ, 𝑦଴ସ). The coordinate transformation coefficients corresponding to 

the four positioning anchor points UWB1, UWB2, UWB3, and UWB4 of vehicle A are 15 

𝜃ଵ, 𝜃ଶ, 𝜃ଷ, and 𝜃ସ, respectively. Assuming that UWB1, UWB2, UWB3, and UWB4 

are the coordinate origins respectively, the local coordinate system is determined by a 

similar method to step (4). The values of 𝜃ଵ, 𝜃ଶ, 𝜃ଷ, and 𝜃ସ can be determined based 

on 270°, 0°, 90°, and 180°, and further corrected for correcting an angle deviation of a 

specific anchor point layout. 20 

[0105] (2.8.1) The control apparatus 21 determines that a coordinate transformation 

coefficient corresponding to a coordinate origin (i.e., the positioning anchor point 

UWB3) of the local coordinate system to which the first coordinate (𝑥௟஺, 𝑦௟஺) of key A 

belongs is 𝜃ଷ. 

[0106] (2.8.2) The control apparatus 21 uses a transformation matrix ቂ
𝑥௥஺

𝑦௥஺
ቃ =25 

൤
𝑐𝑜𝑠𝜃ଷ −𝑠𝑖𝑛𝜃ଷ

𝑠𝑖𝑛𝜃ଷ 𝑐𝑜𝑠𝜃ଷ
൨ ቂ

𝑥௟஺

𝑦௟஺
ቃ  to transform the first coordinate (𝑥௟஺, 𝑦௟஺ ) of key A into a 

rotation coordinate (𝑥௥஺, 𝑦௥஺). 

[0107] (2.8.3) The control apparatus 21 determines the second coordinate (𝑥௚஺, 𝑦௚஺) 
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of key A in the preset coordinate system of vehicle A shown in FIG. 6, based on the 

global coordinate ( 𝑥଴ଷ, 𝑦଴ଷ ) corresponding to the coordinate origin of the local 

coordinate system (i.e., the positioning anchor point UWB3) in the preset coordinate 

system of vehicle A, using the formulas 𝑥௚஺=𝑥௥஺+𝑥଴ଷ and 𝑦௚஺=𝑦௥஺+𝑦଴ଷ. 

[0108] (3) Assume that multiple function areas 𝑠௜ of vehicle A are function areas 5 

determined based on the preset coordinate system as shown in FIG. 6, and a coordinate 

point range of the function area 𝑠௜ is defined as follows: the coordinate point (𝑥௦೔
, 𝑦௦೔

) 

in the function area 𝑠௜  satisfies 𝛽௦೔భ
≤ 𝑥௦೔

≤ 𝛽௦೔మ
  and 𝛽௦೔య

≤ 𝑦௦೔
≤ 𝛽௦೔ర

 , where i=

1,2,3, …，k. 

[0109] If the preset operation of function area 𝑠ହ  of vehicle A is to open the 10 

rearview mirror. 

[0110] The control apparatus 21 traverses coordinate point ranges of each function 

area 𝑠௜. If it is determined that the second coordinate (𝑥௚஺, 𝑦௚஺) of key A is within the 

coordinate point range of function area 𝑠ହ, that is, (𝑥௚஺, 𝑦௚஺) satisfies 𝛽௦ఱభ
≤ 𝑥௚஺ ≤

𝛽௦ఱమ
 and 𝛽௦ఱయ

≤ 𝑦௚஺ ≤ 𝛽௦ఱర
, then the control apparatus 21 determines that key A is in 15 

function area 𝑠ହ of vehicle A, then the control apparatus 21 executes the operation of 

opening the rearview mirror of vehicle A, as shown in FIG. 4; if the control apparatus 

21 determines that the second coordinate (𝑥௚஺, 𝑦௚஺) of key A is not within a coordinate 

point range of any function area 𝑠௜  of vehicle A, then the preset operation 

corresponding to the function area 𝑠௜ will not be executed. 20 

[0111] In the vehicle key positioning method provided by the present embodiment, 

a valid distance is determined from respective distances between the plurality of 

positioning anchor points and the key through respective RSSIs and/or state identifiers 

of the positioning anchor points of the vehicle, and determines at least two reference 

anchor points based on the valid distance, thereby improving the accuracy of 25 

determining the reference anchor point and ensuring the validity of the determined 

reference anchor point. The reference anchor point indicates that a ranging signal 

transmission mode between the positioning anchor points and the key is LOS 
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transmission; based on respective distances between the target reference anchor points 

determined from the at least two reference anchor points and the key, a first coordinate 

of the key in a local coordinate system corresponding to the determined reference 

anchor points is accurately determined; the first coordinate is subjected to a coordinate 

system transformation processing, and a second coordinate of the key in a preset 5 

coordinate system of the vehicle is accurately determined, thereby accurately 

determining whether the key is in a function area of the vehicle. If it is determined that 

the key is in a function area of the vehicle, a preset operation corresponding to the 

function area where the key is located is executed, so that the user can control the 

vehicle in a senseless manner; if it is determined that the key is not in a function area 10 

of the vehicle, a preset operation corresponding to the function area will not be executed. 

The method of the present application accurately positions the key based on a distance 

between the positioning anchor point and the key, which is determined by a ranging 

signal transmitted by LOS, avoiding the inaccurate distance information determined by 

a ranging signal of NLOS transmission, which has an adverse effect on the positioning 15 

accuracy of the key, improving the positioning accuracy of the key, and solving the 

problem of inaccurate positioning in the key positioning method in the prior art. The 

method of the present application can avoid a situation where the key position 

calculated by the existing key positioning method for the vehicle is inconsistent with 

an actual position of the key, which results in a triggering of a preset operation of a 20 

function area that does not match the actual position; or avoid a situation where the key 

is located in a function area of the vehicle, but a preset operation of the function area 

where the key is located cannot be executed. The method provided by the present 

application improves the user experience of the vehicle. 

[0112] The embodiment of the present application also provides a control apparatus. 25 

FIG. 7 is a first structural diagram of a control apparatus provided by an embodiment 

of the present application. As shown in FIG. 7, the apparatus includes a collection 

module 41, a processing module 42 and an operation module 43. 

[0113] The collection module 41 is configured to determine respective distances 
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between a plurality of positioning anchor points and a key of a vehicle based on 

respective ranging signals between the plurality of positioning anchor points and the 

key after the vehicle completes a communication connection with the key. 

[0114] The processing module 42 is configured to determine at least two reference 

anchor points from the plurality of positioning anchor points based on the respective 5 

distances between the plurality of positioning anchor points and the key; where the 

reference anchor point indicates that a ranging signal transmission mode between the 

reference anchor point and the key is line-of-sight wireless transmission LOS. 

[0115] The processing module 42 is further configured to determine a first 

coordinate of the key in a local coordinate system corresponding to the determined 10 

reference anchor points based on respective distances between the determined reference 

anchor points and the key. 

[0116] The processing module 42 is further configured to perform a coordinate 

system transformation processing on the first coordinate to obtain a second coordinate 

of the key in a preset coordinate system of the vehicle. 15 

[0117] The operation module 43 is configured to execute a preset operation 

corresponding to a function area of the vehicle if it is determined that the key is in the 

function area according to the second coordinate. 

[0118] Optionally, the collection module 41 further includes a Bluetooth (BLE) 

module 411. The Bluetooth module 411 is configured to broadcast a BLE broadcast 20 

signal and also configured to conduct a Bluetooth ranging for the key. 

[0119] The specific implementation principle and technical effect of the control 

apparatus provided by the embodiment of the present application are similar to the 

specific implementation principle and technical effect of the embodiment shown in FIG. 

3, which will not be repeated here. 25 

[0120] The embodiment of the present application also provides a control apparatus. 

FIG. 8 is a second structural diagram of a control apparatus provided by an embodiment 

of the present application. As shown in FIG. 8, the control apparatus includes a 

processor 51 and a memory 52, and the memory 52 stores executable instructions of the 
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processor 51, so that the processor 51 can be used to execute the technical solution of 

the above-mentioned method embodiments, and the implementation principle and 

technical effect thereof are similar, which will not be repeated here. It should be 

understood that the above-mentioned processor 51 can be a central processing unit 

(Central Processing Unit, referred to as: CPU), or other general-purpose processors, 5 

digital signal processors (Digital Signal Processor, referred to as: DSP), application-

specific integrated circuits (Application Specific Integrated Circuit, referred to as: 

ASIC), etc. The general-purpose processor can be a microprocessor or the processor 

can also be any conventional processor, etc. The steps of the method disclosed in the 

present invention can be directly embodied as being executed by a hardware processor, 10 

or executed by a combination of hardware and software modules in the processor. The 

memory 52 may include a high-speed random access memory (Random Access 

Memory, referred to as: RAM), and may also include a non-volatile memory (Non-

volatile memory, referred to as: NVM), such as at least one disk memory, and may also 

be a USB flash drive, a mobile hard disk, a read-only memory, a magnetic disk or an 15 

optical disk, etc. 

[0121] The embodiment of the present application also provides a storage medium, 

in which computer-executable instructions are stored. When these computer-executable 

instructions are executed by a processor, the above-mentioned vehicle key positioning 

method is implemented. The storage medium can be implemented by any type of 20 

volatile or non-volatile storage device or a combination thereof, such as static random 

access memory (Static Random-Access Memory, referred to as: SRAM), electrically 

erasable programmable read-only memory (Electrically-Erasable Programmable Read-

Only Memory, referred to as: EEPROM), erasable programmable read-only memory 

(Erasable Programmable Read-Only Memory, referred to as: EPROM), programmable 25 

read-only memory (Programmable Read-Only Memory, referred to as: PROM), read-

only memory (Read-Only Memory, referred to as: ROM), magnetic memory, flash 

memory, magnetic disk or optical disk. The storage medium can be any available 

medium that can be accessed by a general or special-purpose computer. 
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[0122] An exemplary storage medium is coupled to a processor so that the 

processor can read information from the storage medium and write information to the 

storage medium. Of course, the storage medium can also be a component of the 

processor. The processor and the storage medium can be located in an application 

specific integrated circuit (Application Specific Integrated Circuits, referred to as: 5 

ASIC). Of course, the processor and the storage medium can also exist as discrete 

components in an electronic device or a main control apparatus. 

[0123] An embodiment of the present application also provides a program product, 

such as a computer program, which, when executed by a processor, implements the 

vehicle key positioning method covered by the present application. 10 

[0124] This embodiment also provides a chip, which includes a memory and a 

processor. The memory stores codes and data. The memory is coupled to the processor. 

The processor runs the program in the memory so that the chip is used to execute the 

vehicle key positioning method provided by the above various embodiments. 

[0125] This embodiment also provides a computer program, which, when executed 15 

by a processor, is used to execute the vehicle key positioning method provided in the 

aforementioned various embodiments. 

[0126] Those skilled in the art can understand that all or part of the steps of 

implementing the above-mentioned method embodiments can be completed by 

hardware related to program instructions. The aforementioned program can be stored 20 

in a computer-readable storage medium. When the program is executed, the steps of the 

above-mentioned method embodiments are executed; and the aforementioned storage 

medium includes: ROM, RAM, magnetic disk or optical disk and other media that can 

store program codes. 

[0127] Finally, it should be noted that the above implementations are only used to 25 

illustrate the technical solutions of the present invention, rather than to limit it. Although 

the present invention has been described in detail with reference to the aforementioned 

implementations, those skilled in the art should understand that they can still modify 

the technical solutions described in the aforementioned implementations, or replace 
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some or all of the technical features therein with equivalents. However, these 

modifications or replacements do not cause the essence of the corresponding technical 

solutions to deviate from the scope of the technical solutions of the implementations of 

the present invention. 
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CLAIMS 

1. A vehicle key positioning method, comprising: 

after a vehicle completes a communication connection with a key of the vehicle, 

determining respective distances between a plurality of positioning anchor points of the 

vehicle and the key based on respective ranging signals between the plurality of 5 

positioning anchor points and the key; 

determining at least two reference anchor points from the plurality of positioning 

anchor points, based on the respective distances between the plurality of positioning 

anchor points and the key; wherein a reference anchor point indicates that a ranging 

signal transmission mode between the reference anchor point and the key is line-of-10 

sight wireless transmission LOS; 

determining a first coordinate of the key in a local coordinate system 

corresponding to the determined reference anchor points, based on respective distances 

between the determined reference anchor points and the key; 

performing a coordinate system transformation processing on the first coordinate 15 

to obtain a second coordinate of the key in a preset coordinate system of the vehicle;  

if it is determined according to the second coordinate that the key is in a function 

area of the vehicle, executing a preset operation corresponding to the function area. 

2. The method according to claim 1, wherein the determining the first coordinate 

of the key in the local coordinate system corresponding to the determined reference 20 

anchor points, based on the respective distances between the determined reference 

anchor points and the key comprises: 

determining, from the determined reference anchor points, two reference anchor 

points as target reference anchor points; 

determining the local coordinate system with a line connecting the two target 25 

reference anchor points as an X-axis and one target reference anchor point on the X-

axis as a coordinate origin; 

determining, based on respective distances between the two target reference 
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anchor points and the key, and a distance between the two target reference anchor points, 

the first coordinate of the key in the local coordinate system. 

3. The method according to claim 2, wherein the determining, from the determined 

reference anchor points, two reference anchor points as the target reference anchor 

points comprises: 5 

if a number of the determined reference anchor points exceeds two and the 

determined reference anchor points are collinear, determining two reference anchor 

points with a largest distance therebetween as the target reference anchor points;  

if the number of the determined reference anchor points exceeds two and the 

determined reference anchor points are not collinear, determining two adjacent 10 

reference anchor points, for which a line connecting them is parallel to a ground surface, 

as the target reference anchor points. 

4. The method according to any one of claims 1 to 3, wherein the performing the 

coordinate system transformation processing on the first coordinate to obtain the second 

coordinate of the key in the preset coordinate system of the vehicle comprises:  15 

determining a coordinate transformation coefficient 𝜃  corresponding to the 

coordinate origin of the local coordinate system to which the first coordinate (𝑥௟ , 𝑦௟) 

belongs;  

transforming the first coordinate (𝑥௟ , 𝑦௟) into a rotation coordinate (𝑥௥ , 𝑦௥) using a 

transformation matrix ቂ
𝑥௥

𝑦௥
ቃ = ቂ

𝑐𝑜𝑠𝜃 −𝑠𝑖𝑛𝜃
𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜃

ቃ ቂ
𝑥௟

𝑦௟
ቃ; 20 

determining a second coordinate (𝑥௚, 𝑦௚) of the key in the preset coordinate system 

of the vehicle, based on a global coordinate (𝑥଴, 𝑦଴) of a positioning anchor point, to 

which the coordinate origin in the local coordinate system corresponds, in the preset 

coordinate system of the vehicle, using formulas 𝑥௚ = 𝑥௥ + 𝑥଴ and 𝑦௚ = 𝑦௥ + 𝑦଴. 

5. The method according to any one of claims 1 to 4, wherein the positioning 25 

anchor points are positioning anchor points located outside a vehicle body; 

then, the determining the at least two reference anchor points from the plurality of 

positioning anchor points based on the respective distances between the plurality of 

positioning anchor points and the key comprises: 
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sorting the respective distances between the plurality of positioning anchor points 

and the key in ascending order to obtain a distance sequence;  

determining positioning anchor points corresponding to first n distances in the 

distance sequence as the reference anchor points;  

wherein, n≥2. 5 

6. The method according to any one of claims 1 to 4, wherein the determining the 

at least two reference anchor points from the plurality of positioning anchor points 

based on the respective distances between the plurality of positioning anchor points and 

the key comprises:  

obtaining respective received signal strength indications RSSIs corresponding to 10 

the plurality of positioning anchor points from the key; and/or obtaining respective state 

identifiers of corresponding positioning anchor points from positioning apparatuses of 

the plurality of positioning anchor points; wherein a state identifier is an identifier 

indicating whether a ranging signal used for ranging between the positioning anchor 

point and the key is valid; 15 

determining a distance corresponding to an RSSI greater than a signal strength 

threshold as a valid distance from the respective distances between the plurality of 

positioning anchor points and the key; and/or determining a distance between a 

positioning anchor point corresponding to a valid identifier and the key as a valid 

distance from the state identifiers of the plurality of positioning anchor points obtained;  20 

determining the at least two reference anchor points from the plurality of 

positioning anchor points, based on the determined valid distance. 

7. The method according to any one of claims 1 to 6, wherein before the 

determining the at least two reference anchor points from the plurality of positioning 

anchor points based on the determined valid distance, the method further comprises:  25 

if a number of the determined valid distance is less than two, re-acquiring 

respective ranging signals between the plurality of positioning anchor points of the 

vehicle and the key, and determining respective distances between the plurality of 

positioning anchor points and the key based on the acquired ranging signals, until that 
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at least two valid distances are determined from the respective distances between the 

plurality of positioning anchor points and the key. 

8. A control apparatus, comprising: a collection module, a processing module and 

an operation module; wherein 

the collection module is configured to after a vehicle completes a communication 5 

connection with a key of the vehicle, determine respective distances between a plurality 

of positioning anchor points of the vehicle and the key, based on respective ranging 

signals between the plurality of positioning anchor points and the key; 

the processing module is configured to determine at least two reference anchor 

points from the plurality of positioning anchor points, based on the respective distances 10 

between the plurality of positioning anchor points and the key; wherein a reference 

anchor point indicates that a ranging signal transmission mode between the reference 

anchor point and the key is line-of-sight wireless transmission LOS;  

the processing module is further configured to determine a first coordinate of the 

key in a local coordinate system corresponding to the determined reference anchor 15 

points, based on respective distances between the determined reference anchor points 

and the key; 

the processing module is further configured to perform a coordinate system 

transformation processing on the first coordinate to obtain a second coordinate of the 

key in a preset coordinate system of the vehicle; 20 

the operation module is configured to execute a preset operation corresponding to 

a function area of the vehicle if it is determined that the key is in the function area 

according to the second coordinate. 

9. A control apparatus, comprising: 

a processor and a memory; 25 

wherein the memory stores executable instructions executable by the processor; 

and 

the processor executes the executable instructions stored in the memory, so that 

the processor executes the method according to any one of claims 1 to 7. 
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10. A storage medium, wherein the storage medium stores computer-executable 

instructions, and the computer-executable instructions, when executed by a processor, 

are used to implement the method according to any one of claims 1 to 7. 

11. A chip, comprising: a memory and a processor; wherein the memory stores 

codes and data, the memory is coupled to the processor, and the processor runs a 5 

program in the memory so that the chip is used to execute the method according to any 

one of claims 1 to 7. 

12. A program product, comprising a computer program, which, when run on a 

computer, causes the computer to execute the method according to any one of claims 1 

to 7. 10 

13. A computer program, wherein the computer program, when executed by a 

processor, is used to execute the method according to any one of claims 1 to 7.


